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About the Series

The Cosmetic Science and Technology series was conceived to permit discussion of a broad

range of current knowledge and theories of cosmetic science and technology. The series is

composed of both books written by a single author and edited volumes with a number of

contributors. Authorities from industry, academia, and the government participate in writing

these books.

The aim of the series is to cover the many facets of cosmetic science and technology. Topics are

drawn from a wide spectrum of disciplines ranging from chemistry, physics, biochemistry, and

analytical and consumer evaluations to safety, efficacy, toxicity, and regulatory questions.

Organic, inorganic, physical and polymer chemistry, emulsion and lipid technology,

microbiology, dermatology, and toxicology all play important roles in cosmetic science.

There is little commonality in the scientific methods, processes, and formulations required for

the wide variety of cosmetics and toiletries in the market. Products range from preparations for

hair, oral, and skin care to lipsticks, nail polishes and extenders, deodorants, body powders and

aerosols, to quasi-pharmaceutical over-the-counter products such as antiperspirants, dandruff

shampoos, antimicrobial soaps, and acne and sun screen products.

Cosmetics and toiletries represent a highly diversified field involving many subsections of



science and “art.” Even in these days of high technology, art and intuition continue to play an

important part in the development of formulations, their evaluation, selection of raw materials,

and, perhaps most importantly, the successful marketing of new products. The application of

more sophisticated scientific methodologies that gained steam in the 1980s has increased in such

areas as claim substantiation, safety testing, product testing, and chemical analysis and has led to

a better understanding of the properties of skin and hair. Molecular modeling techniques are

beginning to be applied to data obtained in skin sensory studies.

Emphasis in the Cosmetic Science and Technology series is placed on reporting the current

status of cosmetic technology and science and changing regulatory climates and presenting

historical reviews. The series has now grown to 26 books dealing with the constantly changing

technologies and trends in the cosmetic industry, including globalization. Several of the volumes

have been translated into Japanese and Chinese. Contributions range from highly sophisticated

and scientific treatises to primers and presentations of practical applications. Authors are

encouraged to present their own concepts as well as established theories. Contributors have been

asked not to shy away from fields that are in a state of transition, nor to hesitate to present

detailed discussions of their own work. Altogether, we intend to develop in this series a

collection of critical surveys and ideas covering diverse phases of the cosmetic industry.

The 13 chapters in Multifunctional Cosmetics cover multifunctional products for hair, nail, oral,

and skin care, as well as products with enhanced sunscreen and antimicrobial properties Several

chapters deal with the development of claim support data, the role of packaging, and consumer

research on the perception of multifunctional cosmetic products. The authors keep in mind that



in the case of cosmetics, it is not only the physical effects that can be measured on the skin or

hair, but also the sensory effects that have to be taken into account. Cosmetics can have a

psychological and social impact that cannot be underestimated.

I want to thank all the contributors for participating in this project and particularly the editors,

Perry Romanowski and Randy Schueller, for conceiving, organizing, and coordinating this book.

It is the second book that they have contributed to this series and we appreciate their efforts.

Special thanks are due to Sandra Beberman and Erin Nihill of the editorial and production staff

at Marcel Dekker, Inc. Finally, I would like to thank my wife, Eva, without whose constant

support and editorial help I would not have undertaken this project.

Eric Jungermann, Ph.D.
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Series Introduction

The Cosmetic Science and Technology series was conceived to permit discussion
of a broad range of current knowledge and theories in the field. The series is com-
posed of books either written by one or more authors or edited with multiple con-
tributors. Authorities from industry, academia, and the government are participat-
ing in writing these books. The purpose of this series is to cover the many facets
of cosmetic science and technology. Topics are drawn from a wide spectrum of
disciplines ranging from chemistry, to physics, to biochemistry, and include ana-
lytical and consumer evaluations, safety, efficacy, toxicity, and regulatory ques-
tions. Organic, inorganic, physical, and polymer chemistry, emulsion and lipid
technology, microbiology, dermatology, and toxicology all play important roles
in cosmetic science.

There is little commonality in the scientific methods, processes, and formu-
lations required for the wide variety of cosmetics and toiletries in the market.
Products range from preparations for hair care, oral care, and skin care to lip-
sticks, nail polishes and extenders, deodorants, and body powders and aerosols, to
quasi-pharmaceutical over-the-counter products such as antiperspirants, dandruff
shampoos, antimicrobial soaps, and acne and sunscreen products.

Cosmetics and toiletries represent a highly diversified field involving many
subsections of science and “art.” Even in these days of high technology, art and
intuition continue to play an important part in the development of formulations,
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their evaluation, the selection of raw materials, and, perhaps most importantly,
the successful marketing of new products. The move toward the application of
more sophisticated scientific methodologies that gained momentum in the 1980s
has grown in such areas as claim substantiation, safety testing, product testing,
and chemical analysis and has led to a better understanding of the properties of
skin and hair. Molecular modeling techniques are beginning to be applied to data
obtained in skin sensory studies. 

Emphasis in the Cosmetic Science and Technology series is placed on re-
porting the current status of cosmetic technology and science, changing regulato-
ry climates, and historical reviews. The series has grown to over 20 books dealing
with the constantly changing technologies and trends in the cosmetic industry, in-
cluding globalization. Several of the books have been translated into Japanese
and Chinese. Contributions range from highly sophisticated and scientific treatis-
es to primers, practical applications, and pragmatic presentations. Authors are en-
couraged to present their own concepts, as well as established theories. Contribu-
tors have been asked not to shy away from fields that are in a state of transition,
nor to hesitate to present detailed discussions of their own work. Our intention is
to develop the series into a collection of critical surveys and ideas covering di-
verse phases of the cosmetic industry.

Skin Moisturizers, the twenty-fifth book published in the series, represents
a truly global effort. The 28 chapters cover the following areas: the stratum
corneum and epidermal biology, xerotic skin conditions, efficacy of moisturizers
and moisturizing ingredients, evaluation methodologies, formulation, and safety
and regulatory considerations. Ten chapters have been contributed by authors
from the United States, nine from the United Kingdom, four from Japan, and the
remainder from France, Germany, Italy, and Belgium.

Skin moisturization and moisturizers represent the dominant growth area in
cosmetics and toiletries, reflecting the consumer’s perpetual interest in looking
young. Youthful, healthy skin is perceived as soft, moisturized, and free of wrin-
kles. Moisturizing products have become the proverbial “hope in a bottle” result-
ing in the creation of thousands of products and moisturizing claims. This interest
in youthful skin becomes even more important as the population ages and con-
cerns over dry skin conditions increase. Practical formulation chemists have long
realized that there are two basic mechanisms perceived as moisturization: hydra-
tion with water-miscible agents (glycerine is the classical example) and occlusion
(classically, petrolatum). The concept of moisturization is, of course, far more
complicated. The stratum corneum is recognized as a heterogeneous system of
protein-enriched cells embedded in lipid-laden intercellular domains. It is an epi-
dermal barrier governing water penetration and loss, cohesion, and desquama-
tion. The dependence of skin conditioning on the lipids in these systems is due to
the fact that essential fatty acids play an important role, together with the natural
moisturizing factor, a mixture of hydroscopic water-soluble substances, such as
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lactic acid and PCA. In addition, collagen, hyaluronic acid, and elastin play a role
in these systems. This book identifies these new concepts, increases our under-
standing of the skin and skin moisturization, and provides the scientific basis of
skin moisturization.

I would like to thank the contributors for participating in this project and
particularly the editors, Drs. James Leyden and Anthony Rawlings for conceiv-
ing, organizing, and coordinating this book. Special thanks are extended to San-
dra Beberman and the editorial and production staff at Marcel Dekker, Inc. Final-
ly, I thank my wife, Eva, without whose constant support and editorial help I
would not have undertaken this project.

Eric Jungermann, Ph.D.





Preface

The focus of this book is the scientific basis of skin moisturization. The contents
range from biological aspects of the skin through active ingredients and their for-
mulation, evaluation methodology, and the regulatory and safety aspects of skin
moisturizers. This book will be an invaluable resource for dermatologists, cos-
metic scientists, and clinical scientists interested in treatment of xerotic skin con-
ditions. Each chapter reviews the relevant literature in the particular area and
gives an up-to-date account of recent research findings. The biology of the epi-
dermis and stratum corneum is the subject of intense review, as well as changes in
structure and function in a variety of xerotic skin conditions. Overviews of clini-
cal and consumer testing approaches together with ex vivo evaluation procedures
are presented in the evaluation section. The action efficacy and formulation of
various moisturizing ingredients are also covered, including emollients, humec-
tants, ceramides and other barrier lipids, alphahydroxyacids, and enzymes. The fi-
nal section discusses safety and regulatory guidelines in the industry.

This book is a result of contributions by experts in their own areas and is
the work of an international team. The authors represent a cross-section of the sci-
entific community in academia as well as industrial research. Cosmetic scientists,
dermatologists, and researchers will find this book a valuable, in-depth account of
skin moisturization.

James J. Leyden
Anthony V. Rawlings
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1
The Skin Moisturizer Marketplace

Anthony W. Johnson
Unilever Home and Personal Care North America
Trumbull, Connecticut

1 INTRODUCTION

Nearly everyone has used a skin moisturizer product. In fact many people use a
moisturizer every day of their life. Moisturizers are so familiar we seldom think
to ask “what is a moisturizer?” A visit to the local supermarket, convenience
store, or pharmacy should surely provide the answer. And, yes, the products on
the moisturizer shelves do appear to be much the same, a variety of creams and
lotions. But why are there so many different creams and lotions? And what are all
these other moisturizers? There are sprays and foams, gels and serums, oils and
jelly, balms and lipsticks, foundations and mascara, and even sunscreens, all la-
beled as moisturizing. And there are more. Back in the cleansing aisle we find bar
soaps and shower liquids described as moisturizers. Moisturizing baby wipes and
moisturizing tissues are on display in the paper and disposable products section.
In hair care we encounter moisturizing shampoos and conditioners and some
moisturizing hair colorants. There are even some moisturizing antiperspirants! It
seems that nearly everything on the personal care shelves is moisturizing, so what
is a moisturizer?

Each of the products mentioned has a label (pack copy) that describes the
product, lists the ingredients, provides instructions for use, and describes the ben-
efits to be expected. With all this information it should be easy to discover what a

1
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moisturizer is. However, the mass of pack label information is often confusing for
the average consumer. The concept of a product to keep skin moisturized is sim-
ple enough, but why are there so many different products to do this? How can a
consumer decide which product to buy? Some moisturizers appear to contain one
or more special moisturizing ingredients, whereas other products that claim to be
highly effective skin moisturizers do not. Some moisturizers are described as nat-
ural in a way that suggests that naturalness is important. But many moisturizers
seem not to be natural and yet are apparently excellent moisturizing products.
Then there are moisturizers described for different types of skin, for different
parts of the body, for different times of the day, for younger or older consumers,
and for different ethnic groups. New products keep appearing and old favorites
seem to disappear for no particular reason. With such a vast array of products, so
many different ingredients in these products, and so much information about
products—in advertising, in women’s magazines, and now everywhere on the in-
ternet—the marketplace for moisturizers can seem bewildering.

In fact there is structure to the moisturizer market and there are reasons for
all the different products, although not very obvious ones. The purpose of this
chapter is to explain the moisturizer market and why there are so many different
moisturizing products. Explaining consumer needs and the structure, dynamics,
and driving forces of the moisturizer marketplace will do this, providing a back-
cloth to the detailed scientific and technical chapters of the book.

2 THE MARKETPLACE

Products for the care of skin are part of a larger category of consumer products for
personal care and hygiene. Personal care embraces skin care as well as hair and
oral care products, with skin care the largest of the three categories. Skin care is
big business. The global skincare industry was valued at $20 billion in 1997, with
facial care products accounting for $10.6 billion, over 50% [1]. There was enor-
mous growth of the personal care market in the last two decades of the 20th cen-
tury, building on the continuous evolution of skin care over 50 years or more [2].
That growth continues, fueled by intense global competition to satisfy ever-in-
creasing consumer expectations. As we shall see, consumer expectations are driv-
en by the claims and promises of skin product manufacturers and encouraged by
health and beauty writers in a plethora of specialist magazines. Since 1999, more
and more of this communication has reached consumers via the internet, where
the quality of information is widely variable. The difficulty for consumers seek-
ing information on the world wide web is to distinguish accurate information
from misinformation and fantasy.

The personal care market is segmented according to classes of trade. There
are several segmentation schemes but the main practical divisions of the market-
place are (1) mass market, (2) prestige, and (3) direct sale. There are subdivisions
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of these segments that vary around the world, particularly between regions with
“mature” markets and those with so-called developing and emerging (D&E) mar-
kets. Nevertheless, the main segments can be found in all countries.

2.1 Mass Market Products

Mass market is usually divided into food (the major supermarket chains), drug
(the major pharmacy chains), and mass (all other retail outlets). Historically mass
market outlets were the local store selling a full range of domestic goods at a price
the working consumer could afford. Skin care products like other products were
always branded products from manufacturers. Each store stocked a limited range
of products and the marketplace was supplied by a relatively small number of
manufacturers. During the 1960s to 1980s there was an expansion in the number
of manufacturers followed by contraction and consolidation of the big players in
the 1990s. By 1999, a handful of multibillion dollar major international compa-
nies dominated the global skin care market [3,4].

With the advent of supermarkets it was not long before the emergence of a
new category of product, the store brand, or distributor own brands (DOBs). Su-
permarket chains recognized that their national sales networks gave them the op-
portunity to sell their own products alongside the branded products of manufac-
turers at a discounted price. Supermarkets usually obtain their own brand
products from custom manufacturers. Some manufacturers have developed lines
of products at budget prices specifically to compete with the store brands as low
cost products. Store brands are typically good basic products, but manufacturer
branded products usually have a little extra in performance or esthetic qualities.
However, the branded products cost a little more. The consumer has a choice.

2.2 Prestige Products

Prestige products are the specialist skin care products sold in department stores at
individual counter areas for each manufacturer. The counters are staffed by “cos-
metic consultants” who provide one-on-one skin care advice and product recom-
mendations to consumers. Prestige manufacturers sell mostly face care products,
color cosmetics, and fragrances. Most prestige moisturizers are face care prod-
ucts. Unlike the mass market, there are relatively few hand and body moisturizers
in prestige, a reflection that face care is the overwhelming priority for most wo-
men. Similarly, prestige manufactures sell facial cleansers but relatively few body
and hand cleansing products. Most specialist skin care products are good mois-
turizing formulations containing additional ingredients intended to promote a
particular skin benefit. Many specialist moisturizers are intended to help reduce
the visible signs of skin aging—lines, wrinkles, laxity, uneven pigmentation. An-
other term for prestige products is upscale, implying something better than regu-
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lar mass market products. Prestige products certainly cost a great deal more than
mass market products, but there is no simple measure to assess relative value.
However, prestige products are typically more complex than mass market prod-
ucts and are sold in more elaborate containers and packaging with the promise of
a wider range of skin benefits. Many women see prestige products as special and
likely to do more for their skin than the less expensive mass brands. There is an
emotional element in the consumer assessment of prestige products. Using a spe-
cial moisturizer can make a difference to self-image and confidence.

2.3 Upper Mass

At one time there was a very clear separation between mass market skin care
products and the specialist products in prestige. However, during the 1990s man-
ufacturers of mass market products developed ranges of products including mois-
turizers that offered a promise and performance that was previously the exclusive
domain of the prestige sector. These products are more expensive than the basic
mass market products and offer a broader range of skin care benefits. This sector
of mass market skin care is sometimes referred to as upper mass. Examples of up-
per mass products in the year 2000 were L’Oreal’s Plenitude range, Ponds’s Age
Defying range, and Oil of Olay.

2.4 Direct Sale

The direct sale segment of the market includes those manufacturers who sell di-
rect to consumers rather than through a retail store. Avon is the archetypal direct
sale organization, with a long-standing international direct sale business. The tra-
ditional direct sale operation is based on a network of representatives who inter-
act directly with consumers. Mail order from catalogs is another method of direct
sale that has operated for many years. In advanced markets, with the United
States leading the way, catalog sales are being progressively replaced by direct
order from TV. Special programs, known as infomercials, have evolved that are
part advertising and part information, intended to induce the consumer to place a
telephone order from home. The best infomercials are valuable sources of skin
care information and education for the consumer, but there are others that peddle
unsubstantiated claims, folklore, and other misinformation. As is often the case in
the skin care marketplace, it is difficult for the average consumer to distinguish
good information from bad. This is a major issue with the latest channel for direct
sale of skin care products, the internet. However, web sites of major manufactur-
ers are usually reliable because these manufacturers have the resources to get it
right and also the business imperative to protect their image and reputation.
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2.5 The Breakdown of Market Segmentation

As the marketplace evolves rapidly in the internet world of 2001 and beyond, the
boundaries between skin care categories become less clear. Mass marketers are
selling via the internet, direct sale companies are entering the retail arena, and
prestige marketers are setting up specialist stores outside of department stores [5].

3 REGIONAL VARIATION OF SKIN CARE MARKETS

Dynamics underlying the continuing development of skin care markets around
the world are economic prosperity and scientific progress. Mature markets like
the United States, Japan, and Western Europe are highly developed with a wide
range of products available to consumers through multiple levels of trade. Never-
theless, growth of these markets continues, driven by innovation, prosperity, and
ever-increasing longevity. As people live longer they give greater priority to
maintaining a youthful appearance. At one time it was assumed that skin aging
was inevitable, that lines and wrinkles, sags and bags, were unavoidable. We now
realize that a great deal of skin aging change is due to environmental factors, par-
ticularly ultraviolet radiation, and is therefore avoidable [6,7]. Even if not avoid-
ed, we now have the capability to eliminate many of the unwanted signs of skin
aging using laser resurfacing of skin [8]. The improvement in skin appearance
from laser surgery can be very dramatic [9]. Now that the laser has shown us that
old skin can be rejuvenated to look and function as it was decades earlier, con-
sumer expectations have been raised. Many consumers believe that it will not be
long before topical skin care products will achieve the impressive results obtained
with lasers. Belief is strong that there is a fountain of youth after all, just waiting
to be discovered. This belief is a key driving force in the skin care market place.
It is the reason why so many consumers are prepared to keep on trying each new
technology in skin care. This strong consumer pull provides an incentive for man-
ufacturers and stimulates intensive innovation of skin care products [10].

In D&E markets such as China, Eastern Europe, parts of Africa, and South
America, the skin care marketplace includes all of the classes of trade described
but with a different balance between sectors compared to developed markets.
Mass market outlets predominate with a concentration on low price/discount
products. Prestige is limited to a few department stores in major cities. In the
1990s the D&E markets were where the developed markets had been 30–40 years
earlier, but catching up very fast, propelled by modern communications and ad-
vances in technology.

The development of mass communications was a critical factor in the ex-
plosive growth of the skin care and moisturizer market in the last half of the 20th
century. The 50 years that spanned the discovery of DNA in 1953 to the mapping
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of the entire human genome by the year 2000 saw the skin care market progress
from bars of soap, basic moisturizers, and make-up to a sophisticated, complex,
highly structured, multibillion dollar segment of the consumer product market-
place. In 1950 there was one product for everyone; by year 2000 there were thou-
sands of products to chose from. The competitive advantage of providing con-
sumer choice led to highly customized products. The multiplication and diversity
of product types and compositions have been linked to accelerating scientific
progress and increased understanding of consumer needs and motivations. As de-
scribed later, each variation of need creates an opportunity for a new or different
product.

The wide choice now available to consumers is bewildering to many, and
regrettably the information available to help them make their choices is not al-
ways reliable. To understand the moisturizer marketplace we need to understand
the consumer need for moisturizers and the ways in which moisturizer products
satisfy these needs.

4 THE CARE OF NORMAL SKIN

The skin is without doubt the most complex organ of the human body and the one
with most need for everyday care and attention. The approximately two square
meters of skin covering the average adult body provides a remarkable protective
interface with the outside world, both physical and immunological. But skin does
much more than protect. It is our means for adjusting to variations in environ-
mental temperatures through elegant controls that regulate the microcirculation.
The skin provides us with our ability to feel and sense ourselves, and others, and
our environment, though touch, pain, temperature, and pressure receptors. The
appearance and feel of skin are central to human interpersonal perception and at-
traction, while pheromones released on the skin are drivers of sexual attraction
and activity. Our skin plays a vital role in maintaining our physical and mental
health [11]. Keeping this most important tissue in best condition has many advan-
tages for the individual, and therefore the care of skin has always been a priority
of human behavior in all races and all cultures throughout history.

Cleansing and moisturizing are the two basic processes for keeping skin in
good condition [12]. Cleansing is necessary to remove environmental dirt, skin
secretions, and microorganisms that would otherwise produce odors and disease.
Cleansing is more than keeping skin clean, it is a contribution to keeping skin
healthy. Important as cleansers are for keeping skin clean and healthy, they are
potentially damaging to the skin’s outer protective layer, the stratum corneum.
Cleansers deplete the stratum corneum of water by disturbing the skin’s normal
mechanisms for maintaining optimum water content [13]. Cleansing is therefore
a major factor creating the need for moisturizing products. However, it is not only
cleansers that rob the skin of moisture: UV damage, environmental factors (water,
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detergents), age, and skin diseases can all come into play (see Sec. 7). Moisturiz-
ers are definitely needed once the stratum corneum thickens and becomes flaky
and rough, otherwise there can be rapid deterioration with cracking, inflamma-
tion, exudation, and bleeding.

5 NATURAL MECHANISMS OF SKIN
MOISTURIZATION

As detailed in several reviews [14,15] and explained in more detail in other chap-
ters of this book, the structure of the stratum corneum is often likened to the
bricks and mortar of a wall. The bricks are the dead skin cells of the stratum
corneum (corneocytes), and these are embedded in a matrix of intracellular lipid
bilayers (the mortar). Corneocytes are flat pancakelike protein structures approx-
imately 1 µm thick and 50–80 µm in diameter. The protein matrix of corneocytes
contains a specific mix of hygroscopic low molecular weight compounds that
keep the corneocytes hydrated. The main components of this mix, collectively
known as skin’s natural moisturizing factor (NMF), are lactic acid, urea, various
salts, and amino acids derived from degradation of the protein filaggrin in the
lower regions of the stratum corneum. There are three types of lipid that combine
to form the intercellular lipid matrix of the stratum corneum. These are fatty
acids, ceramides, and cholesterol. Each lipid type is bipolar with a hydrophilic
(water loving) head group/region and a hydrophobic (water hating) side chain/re-
gion. When thrown together these lipids spontaneously form alternating layers of
hydrophilic and hydrophobic regions. It is these alternating lipid bilayers that
form the water barrier of the stratum corneum. The layers control the movement
of water through the stratum corneum, measured as trans-epidermal water loss
(TEWL) and also form a seal around each of the corneocytes, locking in the
NMF, which being water soluble would otherwise diffuse away.

Distilling this to the essential components, skin has two mechanisms for re-
taining moisture:

1. Natural moisturizing factor within the protein matrix of corneocytes
2. Triple lipid bilayers around and between corneocytes

Moisture is required in the stratum corneum, particularly in the superficial layers

1. To keep the stratum corneum soft, supple, and flexible
2. To activate desquamation (exfoliation)

Desquamation, the shedding of corneocytes from the skin surface, is an enzymic
process (degradation of desmosomes) which requires an optimum water activity.
If desquamation is impaired, superficial corneocytes remain attached to those be-
low and pile up as visible flakes on the skin surface and are responsible for the
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characteristic dullness, white scaly appearance, roughness, and flaking of dry
skin.

6 CLEANSING CREATES NEED FOR MOISTURIZERS

Cleansers are of two types, surfactant based or oil/solvent based. Surfactant types
are most common and are used for general cleansing. Oil- and solvent-based
cleansers have specific applications such as removal of make-up, engine grime,
oil-based paints, and other oily soils. Surfactant- and oil-based cleansers damage
the skin in two ways. By somewhat different mechanisms, both can disturb, dis-
solve, and remove the intercellular lipid bilayers of the stratum corneum and both
can interact with and damage the protein composition of corneocytes, the “dead”
cells of the stratum corneum [16]. Damage to corneocytes releases and washes
away the NMF dispersed throughout the protein matrix of the cells. In this way
the cleansing process tends to remove the two skin components essential to keep
the outer stratum corneum hydrated, the lipids and NMF. Not all cleansers and
cleansing routines are bad for skin. The extent to which cleansers cause dry skin
depends upon the formulation of the cleanser and the duration and frequency of
skin contact. Repetitive and excessive contact with cleansers and water, as can be
the case for nurses, mothers with a number of infants, etc., can be very drying and
irritating to skin. On the other hand, limited contact with mild cleansers can help
to maintain skin in good condition.

The biological and physicochemical mechanisms by which optimum hy-
dration of the stratum corneum facilitates desquamation and maintains skin flexi-
bility will be described in other chapters. Likewise the mechanisms of surfactant
skin interaction are described elsewhere [17]. But it is the understanding of these
mechanisms that spawned the wide range of “moisturizing cleansers” available in
the skin marketplace by the year 2000.

Manufacturers have used two strategies to address the issue that cleansing
damages and dries the skin:

1. To formulate less damaging cleansing products
2. To add moisturizing ingredients to cleansers to compensate for damage

The first branded cleansers to become widely available were bars of soap in the
late 1800s. Soap is the sodium salt of fatty acids, made by adding caustic soda to
triglycerides of plant or animal origin [18]. The triglycerides are hydrolyzed
forming soap molecules and releasing glycerol. The early products were crude
blocks of unrefined soap, promoted more for washing clothing than for cleansing
the body. Soap is a very effective cleanser but also very effective at stripping
lipids and NMF from the skin [19]. The effectiveness, lathering action, and dry-
ing effects of soap are all related to chain length. C12 chain lengths are best for
lathering but also the most irritating [20]. Longer chain lengths are less soluble,
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making them less irritating, less drying, and more resistant to mushing in the soap
bowl. Bars of soap usually contain a range of chain lengths, often in proportions
of 80/20 or 70/30 longer chain (C16/18 and above)–to–shorter chain (C12/14)
soap molecules.

Before considering how the search for less drying and more moisturizing
cleansers led to the diversity of cleanser products in the current marketplace it is
appropriate to switch attention to skin moisturizers. Moisturizers arose from a
consumer need to treat and prevent dry skin, but over the years the term moistur-
izer and the technology of moisturizers has evolved to address all aspects of skin
care required to keep normal skin in healthy youthful condition. However, dry
skin remains the most common problem of normal skin and if left unchecked
opens the door to irritation, impaired function, and accelerated skin aging. In the
consumer products marketplace “skin aging” is not a statement of chronology but
an expression of premature decline of function and appearance.

7 SKIN MOISTURIZERS

In simplest terms a moisturizer is a product designed to restore and maintain op-
timum hydration of the stratum corneum. Notwithstanding the thousands of mois-
turizer products available to consumers there are only two cosmetic ways to do
this:

1. The first way is to increase water-holding capacity of the stratum
corneum by external application of hygroscopic ingredients, collec-
tively known as humectants. These ingredients serve to replace skin
NMF that has been washed away or otherwise depleted. Humectants
act in the same way as NMF, and indeed some of the humectants com-
monly used in moisturizers are components of the skin NMF, e.g., lac-
tic acid and urea.

2. The second way is to trap water in the stratum corneum by depositing
an impermeable layer of water-insoluble oily material on the skin sur-
face. Oily materials mimic the effect of the natural lipid bilayers of the
skin to restrict evaporation from the surface and to seal NMF/humec-
tants in corneocytes. These oily emollient materials also help to restore
impaired water barrier function in regions where natural skin lipids
have been lost.

Oily materials that form stable continuous films on the skin surface, e.g.,
petrolatum, are known as occlusives; they occlude the skin surface. There are
other oils and lipids used in moisturizers that are less sticky and greasy than
petrolatum, but also less effective at sealing the stratum corneum. These other fat-
ty materials are often referred to as emollients, reflecting their ability to render
skin soft, supple, and flexible by lubricating and moisturizing. The term emollient
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is also used to describe fully formulated products containing oils and lipids. Fats
and lipids are terms used interchangeably by cosmetic scientists. “Oil” and
“emollient” are the descriptors used most commonly on product packaging be-
cause “fat” and “lipid” have negative connotations for many consumers.

Emulsions are the most effective way to combine oils and water-soluble in-
gredients in a single product suitable for application to skin. Stable emulsions are
formed using ingredients called emulsifiers. Simple emulsions are moisturizing,
but adding a humectant ingredient to an emulsion greatly enhances moisturizing
effectiveness.

Already we see that there is scope for a wide range of moisturizer formula-
tions based on combinations of many oils, many humectants, and different types
of emulsion. It could be imagined that there would be little reason to choose be-
tween one emulsion moisturizer over the next and therefore no need for multiple
variations in composition of products in the marketplace. In fact the ability to
adapt and tweak compositions to achieve an almost endless variety of product
formulations has enabled manufacturers to customize moisturizers to meet the
many variations of consumer need and consumer preference. These variations re-
late to the following main factors:

1. Esthetic preference. Consumers vary greatly in their appreciation of
product attributes, particularly product in-use properties like product
texture, speed of absorption, rub-in, and after-use feel. Given that
many products are similar in delivery of actual skin benefit it is often
esthetic factors which ultimately determine purchase intent. Some
consumers like heavy products and some like light products, while
some are greatly influenced by fragrance. Because fragrance prefer-
ence is very personal and very important to consumers it is often the
attribute that drives consumer selection of personal care products.
Many moisturizers are only lightly perfumed so that they appeal to
the widest possible range of consumers. Given that skin benefit tech-
nology in the marketplace is usually at par between major manufac-
turers over any extended period of time, it is often esthetics and
claims that determine the consumer’s choice of skin moisturizer
product.

2. Perceptions of product performance. Consumers will chose what
they think works. Perception of performance is complex, related to
actual performance (perceived benefit) and the impact of concept and
communication (how compelling is the product proposition, how ap-
pealing and convincing are the product claims). For example, many
women who believe that dry skin leads to wrinkles perceive moistur-
izers as essential for maintaining youthful skin condition. Note that
using moisturizing products does not prevent wrinkling except for
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those products that contain sunscreens. In the consumer product mar-
ketplace it is what the consumer thinks/believes about performance
that drives preference and purchase. Therefore perception of perfor-
mance is ultimately paramount, notwithstanding all the clinical eval-
uations that may be conducted by the manufacturers [21]. Perception
of skin problems and of product performance is influenced by exter-
nal factors. For example, perception of skin oiliness is increased with
increased temperature and humidity. Some individuals who have dry
skin in winter may feel that their skin is oily in the summer.

3. Skin type. Facial skin is usually categorized as normal, oily, dry, or
combination. Superimposed on these skin types is skin sensitivity—
with approximately 40–50% of female consumers classifying their
facial skin as sensitive [22,23]. Body skin is less variable. The main
subdivisions are dry and dry/sensitive. Individuals with an atopic trait
(i.e., have suffered with atopic dermatitis or have it in their family
and therefore in their genes) have a tendency toward dry, itchy, and
easily irritated skin [24]. Many women experience changes in their
skin related to menopause, particularly increased dryness [25,26].

4. Environment/climate. As described in the next section, environmental
conditions are key drivers of dry skin conditions; heavy duty prod-
ucts are required in very harsh conditions, whereas much lighter
products are suitable for milder climates.

5. Ethnic skin. The variations of consumer needs for moisturizers relat-
ed to ethnic origins are less than might be imagined. Although there
are several differences in skin physiology between different races
[27,28], other than the obvious differences in pigmentation, the
mechanisms of dry skin formation are essentially the same in all skin
types. However, dry skin once formed impacts dark skin appearance
more than lighter skin. Slight dryness that is hardly perceptible on
white skin imparts a distinctive gray ashy appearance to black skin.
Apart from this and the obvious variations of need for sun protection,
it seems that cultural difference more than different skin needs ex-
plains the variation of basic product types and attributes seen in dif-
ferent regions of the world [29,30].

6. Emotional factors. The fact that perception can play a critical role in
consumer perception of product benefits introduces a new element
for considering the moisturizer marketplace—there is an emotional
component to consumer assessment of product performance and ben-
efits. Therefore, moisturizers like other skin care products are devel-
oped to satisfy a mix of functional and emotional needs. The prestige
sector in particular seeks to address the emotional component of con-
sumer skin care needs.
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7. Body parts. Consumer concerns and needs for skin care start with the
face and may or may not move to the body. This distinction between
face and body is mirrored in the marketplace where there is a clear
distinction between face and body (including hands) products. With-
in the two main categories of face care and body care there are further
subdivisions. For face care there are general moisturizing products,
eye area moisturizers, and products intended for the neck. For the
body there are all-purpose products and then products specific for
hand care, foot care, heels and elbows, thigh area, and breasts and
chest areas.

8. Occupation. Some occupations are more challenging and damaging
to skin condition than others. Deep sea fishing and nursing are exam-
ples of outdoor and indoor occupations which subject the hands in
particular to very drying activities, long periods of soaking in near
freezing water for North Atlantic fishermen and multiple hand wash-
es in the case of nurses. These are two somewhat extreme examples
but there are many more. Heavy barrier creams are often available in
the workplace but also need to be available for general sale. Severe
dry skin doesn’t observe an eight hour day. Indoor environments can
also adversely affect the skin, particularly the drying effects of air
conditioning. The work environment is a significant factor determin-
ing skin condition for many people [31].

9. Travel. While not a major factor in determining product types in the
marketplace, it is of interest that air travel moves people from one en-
vironment to another more quickly than the ability of their skin to
adapt. Skin adjusts its level of NMF to match what is needed in the
prevailing environment. In a hot humid environment production of
NMF is less than in a cold dry environment. It takes several days for
a new level to be established whereas a person flies from a humid to a
drying environment in a matter of hours. The drying out starts with
the low humidity on the plane, which explains the moisturizing lotion
included in the comfort pack provided to first and business class pas-
sengers!

10. Age. The moisturizer market shows an age segmentation that relates
to the changing needs of skin through life. Specific consumer needs
for moisturizers have developed within the age spectrum. Youngsters,
particularly females, are becoming appearance aware at younger and
younger ages. At the other end of the spectrum, we have a new gener-
ation of appearance conscious seniors determined to look as young
for their age as modern technology will allow [32]. In between, there
is a growing appreciation that relationship between skin condition
and age is influenced greatly by environmental exposure to skin-dam-
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aging forces such as UV from sunlight [33] and, in the case of fe-
males, some significant negative changes in skin condition that occur
during menopause [34]. These extensions of consumer interest, ac-
tive involvement, and associated needs provide additional areas of
opportunity for skin care manufacturers.

We now start to see why there are so many different moisturizer products in
the marketplace even though there are basically only two methods to moisturize
skin. The large number of products arises when we factor in all the variables.
There are many different types of humectant, occlusive, emollient, and sensory
ingredients that impact the skin, as well as emulsifiers and other ingredients of the
product base (excipients).

The CTFA Cosmetic Ingredient Handbook lists the many thousands of in-
gredients used in skin care products [35]. There are over 3000 ingredients listed
as emollient, humectant, occlusive, or miscellaneous skin conditioning agents.
Some of the more widely used of these ingredients are detailed in Table 1. Emol-
lients are defined as cosmetic ingredients which help maintain the soft, smooth,
and pliable appearance of skin. Emollients function by their ability to remain on
the skin surface or in the stratum corneum to act as lubricants, to reduce flaking,
and to improve the skin’s appearance. Humectants are cosmetic ingredients in-
tended to increase the water content of the top layers of skin. This group of ingre-
dients includes primary hygroscopic agents employed for this specific purpose.
Occlusives are cosmetic ingredients which retard the evaporation of water from
the skin surface. By blocking the evaporative loss of water, occlusive materials
increase the water content of skin. The miscellaneous group is defined as cosmet-
ic ingredients used to create special effects on skin. This group includes sub-
stances believed to enhance the appearance of dry or damaged skin and substan-
tive materials which adhere to the skin to reduce flaking and restore suppleness.

These long lists of ingredients are used in countless combinations and lev-
els to produce the myriad skin care products now available to consumers every-
where. The variations in formula are designed to account for different skin types,
different ethnic needs, and different environmental conditions. Further variations
are made to achieve differentiated formulations and compelling claims, some
functional and some designed to provide empathy with consumer emotional
needs. And there are still more variations to tailor products to a particular market
segment and for either face care or body care. Leaving aside the detailed arith-
metic, it is clear that the number of legitimate product variations is very large. It
is an impossible task for the consumer to try more than a small proportion of all
these products to decide which might be best suited. Instead, most consumers are
guided to the products they purchase by advertising, promotions, and the recom-
mendations of specialist magazines and skin care professionals. These are key
drivers of the skin care/moisturizer marketplace and will be reviewed later.
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Effective moisturizers must do more than simply restore water to the stra-
tum corneum. They must also facilitate the recovery of dry damaged skin and
provide protection against future damage and further water loss [36]. Modern
moisturizer products perform these functions and often a great deal more. Mois-
turizers have become the vehicle for providing a wider range of skin care benefits
intended to maintain and improve overall skin condition. Before considering the
more broadly based benefits of moisturizer products we will review the factors
which influence the consumer need for moisturization.

7.1 Factors Influencing the Need for and Types 
of Moisturizers

Environmental factors other than cleansers induce and exacerbate dry skin [37].
Some of the drying factors actually remove water from the skin, while others dis-
turb or damage the skin processes for holding water, namely, the lipid bilayers
and NMF. Product variations designed to address the impact of environmental in-
fluences on skin condition add further to the diversity of moisturizer products in
the marketplace.

Anything that removes water from the skin surface faster than it can be re-
placed by normal trans-epidermal water movement will disturb desquamation
and cause the signs of skin dryness described. It must be remembered that dry
skin is only dry (lacking water) in the superficial layers of the stratum corneum.
These layers become dry because they lose the ability to hold water even though
water is available from the lower regions of the stratum corneum.

Cleansers and water are the main factors damaging the water-holding
mechanisms of the superficial stratum corneum. Wind and low humidity are the
main environmental factors removing water from damaged regions of the superfi-
cial stratum corneum. In the same way that wind dries clothes on the washing line
by increasing evaporation it dries out corneocytes at the skin surface. How effec-
tively the wind removes water depends on humidity and the amount of NMF in
the stratum corneum. Relative humidity is the percentage of water in air com-
pared with saturated water content at that same temperature. When the relative
humidity is high the skin’s NMF has little difficulty in holding water in the pro-
tein matrix of corneocytes. At low humidity the NMF is unable to hold water
against the pull of low partial pressure at the skin surface. If the NMF is depleted,
there is nothing to hold water at low relative humidity (RH) and the skin surface
becomes very dry.

Temperature can also play a role in determining dry skin condition. Cold
temperature has two effects. The colder the air, the less water it can hold, so skin
in equilibrium with 60% RH cold air has much less moisture than skin in equilib-
rium with 60% RH warm air. Also, cold temperature greatly reduces the mobility
and flexibility of stratum corneum lipids and predisposes it to physical cracks in
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regions like knuckles where skin is subject to stretching forces. Normal hot
weather temperatures are not drying unless the relative humidity is low. Howev-
er, the UVB in strong sunlight can interfere with the skin’s normal mechanisms
for generating NMF, resulting in a deficiency of NMF that predisposes to dry,
flaky skin.

Having considered factors which actually remove water from skin, the next
group of skin drying agents are those that disturb the skin processes for water re-
tention. Cleansers, we have seen, are potentially very damaging to the skin’s wa-
ter-holding mechanisms. Perhaps surprisingly, water itself can also be very dry-
ing by washing away NMF. Overexposure to solar UVB radiation can reduce the
NMF content of skin by interfering with filaggrin degradation in the mid-lower
regions of the stratum corneum. Ultraviolet radiation also interacts with stratum
corneum lipids to generate lipid peroxides, and these are a further contribution to
dry skin by disturbing the regularity and efficiency of the lipid bilayers.

Each of the different circumstances leading to dry skin conditions creates
the opportunity for a customized product [38]. In 1950, a few basic moisturizers
were available, but by 2000 there was not only a separate product for each even-
tuality but often multiple product offerings, each trying to be a little different
from the next. To argue that not all these products are necessary is to invite the re-
sponse that choice is good for the consumer. And so it is, provided the consumer
is able to make an informed choice with comfort and confidence. It appears that
the marketplace has reached such a degree of complexity that many consumers
simply find a zone of comfort and disregard the rest. This encourages manufac-
tures to intensify their efforts to attract consumers to their products. Notwith-
standing these efforts, it is consumers who ultimately determine products that last
in the market place. There may be thousands of moisturizer products on sale at
any one time, but only a few of these products have real staying power. The rest
disappear in a continuous cycle of withdrawal and replacement. Products that are
not successful are discontinued and replaced by new products containing new in-
gredients and making new claims.

8 THE PRODUCT CYCLE

Because moisturizers fullfil such a fundamental consumer need they are a huge
category of the consumer products market. Moisturizers are big business all
around the world, and the moisturizer market is intensively competitive. Each
manufacturer is vying with all others to gain the largest possible share of market.
Manufacturers do this by supporting their existing products with advertising (TV,
print, radio, and others) and promotions (discounts, bonus offerings, product tie-
in competitions, etc.) and by launching new products. Advertising support for ex-
isting products is very expensive and launching a new product is even more ex-
pensive, particularly for large manufacturers. In developed markets like the
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United States the failure rate for new product launches is about 95%. Approxi-
mately 19 of every 20 newly launched products are not successful and disappear
within a year or so. Most of these failures are from smaller manufacturers who
can afford to be entrepreneurial. They are able to try products and recycle quick-
ly when not successful. The cost of investment for large manufacturers is so
high—millions of dollars in both development costs and advertising support for
new product launches—that they have to be sure that a new product has high
potential for success before they enter the marketplace. They do this using so-
phisticated consumer testing, test marketing, and ancillary techniques that enable
an estimate of approximate market share for a new product. Only product devel-
opments that show a high probability of success proceed to launch.

9 FACE AND BODY SEGMENTS OF THE
MOISTURIZER MARKETPLACE

As indicated, the skin care and moisturizer market is divided between face care
and hand and body care products. The dynamics of each of these two market cat-
egories are very different. There are thousands of moisturizer products for the
face and relatively few for the body. This reflects the different consumer needs for
the face and body.

9.1 Facial Moisturizers

The face is our interface with the outside world. The face is also the part of the
body that most shows the signs of aging. The face is constantly exposed to the en-
vironment, whereas clothing may protect other parts of the body. Lines and wrin-
kles appear on the face but not much on the body. The recognition of the first per-
manent wrinkle is a pivotal moment for most people and perhaps surprisingly is
often experienced in the early 30s. At one time facial moisturizers were simply
moisturizing products. They were used to balance the drying effects of cleansing
and to protect the skin against the elements—moisturized skin is better able to re-
sist a drying environment. Moisturized skin also looks healthier and more radiant
than dry skin. Facial moisturizers have always contained emollients, with or
without humectants, typically in esthetically pleasing formulations. More recent-
ly, moisturizers have become the vehicle to address other problems of facial skin,
particularly those age-related changes which are perceived as the visible signs of
aging. Products designed to address the signs of aging are known as anti-aging
products [39,40].

Historically, anti-aging was the province of the prestige marketplace with a
variety of ingredients added to moisturizers to create anti-aging products. For ex-
ample, in the 1970s a number of products contained placental extract as a skin re-
juvenating ingredient. At that time, mass market products mostly continued to of-
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fer moisturizing benefits as the way to maintain skin in healthy condition and
looking younger for longer. This changed in 1992 with the introduction of alpha-
hydroxy acids (AHAs) in mass market moisturizers, the first really effective anti-
aging technology introduced in mass market skin care products [41]. As ex-
plained in chapter 16 dedicated to AHAs, these ingredients produce clinically
demonstrated and consumer perceivable improvements in the visible signs of fa-
cial aging. The use of AHAs was so successful that it created a new category of
moisturizing product, initially in the United States and then extending around the
world. Interestingly, an AHA (lactic acid) had been used as a moisturizing ingre-
dient in mass market moisturizers since the early 1970s [42], but it turned out that
a low pH is necessary for the anti-aging benefits beyond simple moisturizing (pH
3.8 is used in mass market AHA moisturizers).

AHAs transformed the moisturizer marketplace, not only by creating a new
sector, but by enhancing the credibility of anti-aging claims and creating a new
expectation in mass market consumers. The success of AHAs and associated
change in consumer need stimulated manufacturers to search for even more ef-
fective ingredients for anti-aging moisturizers. The result has been intensified re-
search by both skin care manufacturers and the ingredient supply industry [43]. In
the period between 1992 and 2000, several ingredients were promoted as the next
generation of cosmetic anti-aging technology. The main contenders were retinol
and retinol esters, vitamin C and stable derivatives of vitamin C, other anti-oxi-
dant vitamins, and a variety of botanical and marine extracts. The efficacy of
these ingredients is discussed in other chapters of this volume, but each has been
the platform for a new range of products in the marketplace. Impressive and com-
pelling claims of anti-aging benefits have been made for each technology, but so
far nothing has made a step change in consumer perceived efficacy comparable
with that seen when AHAs were introduced in 1992.

9.2 Hand and Body Moisturizers

The main consumer skin care need for the body is universal, an all-family need to
treat and prevent dry skin. There are many products that do this very effectively.
In fact, the treatment and prevention of dry skin is such a well-satisfied need that
it has become difficult for manufacturers to find a competitive edge. With all lead-
ing dry skin products similarly very effective for everyday dry skin we see manu-
facturers broadening the benefits of hand and body moisturizers as a way to
achieve novelty and competitive edge [44,45]. A recent significant development
is the addition of sunscreens to regular hand and body moisturizers [46].

Other body care needs exist but have a narrower focus. For example, wo-
men with photodamaged hand and arm skin seek moisturizers to address the as-
sociated signs of aging, particularly age spots and coarse/crepey texture (crinkled
appearance). In older women, thinning, sagging, and laxity are additional prob-
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lems of skin that are unmet needs. A specific problem for a surprisingly high pro-
portion of women is cellulite [47], creating a need for products to eliminate or re-
duce the cellulite appearance of thighs and buttocks. There are moisturizer prod-
ucts with additional specific ingredients aimed at each of these consumer needs.

Products to treat and prevent dry skin are the main products in the hand and
body moisturizer market worldwide, but there are some regional differences.
Moisturizers to maintain a fair skin color are a large segment of the moisturizer
market in India and Southeast Asia, a reflection that uneven skin tone is the num-
ber one skin care concern of some consumers [48].

Cleansing and the environment induce dry skin, but there are also personal
factors that come into play. There are some people, particularly atopics, who have
no overt skin disease but who are more prone to develop dry skin than the rest of
the population [49]. The atopic condition is explained later in chapter 9. Atopics
tend to have dry skin all year round regardless of weather, and they often develop
severe dry skin in winter or in drying environments [50]. It is now recognized that
many cases of occupational hand dermatitis occur in atopics and reflect their de-
creased ability to resist conditions that dry out the skin, leaving them more sus-
ceptible to environmental irritants. The number of atopics in the population has
been rising steadily around the world since the 1970s [51]. Because many indi-
viduals with an atopic tendency are unaware of their condition they often contin-
ue the patterns of product use and environmental contacts that promote and prop-
agate their dry skin condition.

Dry skin is without doubt the most common skin problem for consumers
around the world, but for many it is not a serious skin problem. Some consumers
are content to live with some level of dry skin and regard this simply as their nor-
mal skin condition. Use of body moisturizers tends to parallel cleansing routines.
In the United States and increasingly around the world, daily showering has be-
come a common practice. This represents a considerable challenge to the natural
moisturizing processes of the skin, and in drying weather it is not long before
consumers experience distinctly dry and itchy skin after each and every shower.
Use of a body moisturizer becomes a necessity. As we will see later, the need for
moisturizing to combat the drying effects of showering led to the development of
an entirely new product category in the skin care market place, the moisturizing
body wash [52].

The market for hand and body moisturizers shows a clear segmentation
based on price and positioning. The main categories are value/low price brands,
everyday products, therapeutic, and cosmetic. Within each category there are two
main product forms, creams and lotions, with lotions the most common. There is
also petroleum jelly that is unique as a treatment for dry skin and as a skin pro-
tectant.

Value brands are low price products, usually store brands or “unknown”
products that sell at a discount to the rest of the market. Everyday products in-
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clude the main branded products that offer performance at a competitive price.
Therapeutic is a smaller category with products that sell at a significant premium
over everyday brands based on a positioning of superior efficacy. Products in all
these categories are effective for treating and preventing dry skin. Relative effec-
tiveness, as measured by controlled clinical trials, varies (but not greatly) and de-
pends on the particular moisturizing ingredients and their concentration in the
formulation. Although there are differences in effectiveness for most consumers,
most of the time there is little practical difference for dealing with everyday dry
skin needs. The consumers who could be expected to most notice small differ-
ences in efficacy are those with the greatest problems and needs. This would be
the groups exposed to particularly harsh conditions or individuals with a personal
increased susceptibility to developing dry skin, particularly the 20–30% of the
population who have an atopic tendency.

Product effectiveness and product esthetic properties pull in different direc-
tions; in general, the greater the content of oils and humectants, the greater the ef-
ficacy but also the heavier the product for rubbing into the skin.

The cosmetic category of the hand and body moisturizer market includes
products that are light, elegant, and esthetically pleasing. These formulations con-
tain lower levels of humectants and emollient oils than mainline dry skin products
to achieve faster rub-in and better skin feel. Cosmetic moisturizers usually have a
feminine positioning, often centered around fragrance, botanicals, and other emo-
tive ingredients. Nevertheless, many cosmetic category products contain suffi-
cient moisturizing ingredients to be effective for their main use as daily mainte-
nance products to keep skin moisturized and in good condition, rather than to
treat dry skin.

9.3 Other Subdivisions of the Body Category

By now the reader has a good appreciation that nearly every subdivision of con-
sumer activity, both physical and emotional, represents a consumer need that im-
mediately becomes a stimulus for moisturizer products customized to that need.
The main hand and body lotions described are good for general use, but within
the broad category it is possible to find moisturizers targeted at rather specific
needs, such as care of the finger nails and for foot care.

10 SKIN MOISTURIZERS AND DERMATOLOGY

Dermatologists dealing with skin diseases that predispose toward development of
dry skin need their patients to use skin care products that help rather than worsen
their underlying skin condition. They need their patients to use a mild cleanser
and moisturizing cream or lotion. The nonprescription products recommended by
dermatologists are the same as those available to the general consumer. Although
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the dry skin experienced by skin disease patients and by consumers generally
may have different origins, the solution is much the same—a well-formulated
emollient cream or moisturizing lotion [53]. However, patients often have more
intractable dry skin than the average consumer and therefore need the heavier
more effective moisturizing formulations.

11 REGULATORY CATEGORIES OF 
SKIN MOISTURIZERS

Moisturizers generally are not specifically regulated in the United States. There is
no requirement for premarketing approval or registration. However, in the United
States there is an over-the-counter (OTC) drug category for many everyday skin
care products, including acne, first aid, and antibacterial treatments as well as
sunscreen and skin protectants [54]. Some hand and body moisturizers fall within
the aegis of the OTC skin protectant monograph and are therefore subject to con-
trols including labeling requirements and allowed claims. Monograph products
typically must contain particular “active” ingredients (see Table 1). In the case of
the OTC skin protectant monograph, two specified active ingredients are petrola-
tum and dimethicone, at specified minimum levels—30% or higher for petrola-
tum and 1% or higher for dimethicone. If the difference between these concentra-
tions is surprising it is a reflection that limit values built into regulations often
reflect the actual compositions of products in the marketplace at the time that reg-
ulations were formulated. There is no scientific rationale for the large differences
in the monograph minimum levels of these two ingredients. The OTC monograph
products are required to list active ingredients on the pack above and separate
from the list of other ingredients. Most U.S. consumers are not aware of the OTC
monograph system and therefore may wonder why some moisturizers have active
ingredients and other similar products do not. This regulatory overlay is a further
complication for consumers trying to understand the skin moisturizer market.

As described in later chapters on regulations, the European and Japanese
regulation of skin moisturizers is different from the United States. European reg-
ulations tend to control the ingredients used in products and therefore, unlike the
United States, do not lead to separate regulated and unregulated products in the
marketplace. Japan is somewhat like Europe in the sense that the main regulation
impacting skin and moisturizers is a quasi drug regulation that directs what ingre-
dients can be used in cosmetics, including moisturizers.

12 COSMECEUTICAL

Readers will find the term cosmeceutical used frequently in cosmetic and skin
care journals, magazines, and other publications [55]. If you visit a prestige
counter in the department store, the consultant may offer you the latest cosme-
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ceutical treatment to combat aging skin. The term is widely used to describe
moisturizing products that go beyond moisturizing to offer some additional skin
benefit [56]. There have been international conferences to present and review the
role and future trends for cosmeceuticals [57]. Many people have come to believe
that “cosmeceutical” is a regulatory category of consumer products. Nothing
could be further from the truth [58]. The term has no regulatory status anywhere
around the world, although the Japanese quasi drug category is close in concept to
the now accepted use of the term cosmeceutical.

There now is a generation who believe that the term cosmeceutical was in-
troduced in the early 1990s with the emergence of alpha-hydroxy acid anti-aging
products as the first moisturizers to do more than moisturize the skin. In fact the
term cosmeceutical originated in 1962 [59] and was expanded upon years later by
Dr. Albert Kligman [60]. In the early 1980s, at a symposium organized by the So-
ciety of Cosmetic Chemists, Dr. Kligman pointed out that simple moisturizers
had a profound effect on the stratum corneum. They clearly had a beneficial effect
on the stuctural elements and proper functioning of the stratum corneum. They
were cosmetics having a therapeutic action; they were “cosmeceuticals.” Ten
years later, Vermeer put forward proposals to define and regulate cosmeceuticals
[61], but the cosmetics industry in the United States remains bound by legislation
developed in 1937 that defined any material having an effect on the structure or
function of skin as a drug and subject to drug regulations.

13 MOISTURIZING CLEANSERS

13.1 Cleansing Bars

The skin care industry understood many years ago that bar soap caused dry skin,
creating a need for products to restore moisture. Clearly there would be a con-
sumer benefit by reducing the drying action of soaps. There are two types of soap
bars, the regular opaque colored bars everyone is familiar with and clear glycerin
bars which are made by a completely different manufacturing process. Regular
soap is made by hydrolyzing natural fats and oils (glycerides) to yields fatty acid
and glycerol, separating out the glycerol, and converting the fatty acid to soap
(soap is the sodium salt of fatty acid). Glycerin bars are made by leaving in the
glycerin to produce a different form of regular soap that develops transparency
when aged under controlled conditions for 2 months.

Back in the 1960s there were two approaches to reduce the drying action of
soaps:

1. To balance the chain length distribution toward the milder longer chain
lengths

2. To add fatty acid to the soap mix to produce so-called superfatted soap
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While these variations were a little milder than regular soap, it was not until the
early 1960s that there was a real advance in reducing the drying effects of cleans-
ing. This was the introduction of a cleansing bar based on nonsoap synthetic de-
tergent, fatty acid isethionate, and addition of a large proportion of fatty acid to
the bar (>20%). This product, called Dove, was dramatically milder than soap
[62] and was unequaled in the marketplace until its patents expired in 1992, at
which time other manufacturers copied the technology to make their own version
of the mild synthetic detergent (syndet) bar. The Dove bar was not only less dry-
ing than soap but deposited some fatty acid on skin during the washing process.
As discussed, fatty acids are one of the three lipid types that make up the intercel-
lular lipid bilayers of the stratum corneum. The deposition of fatty acid by Dove
largely compensated for the natural fatty acid lost during the wash process. Be-
cause the milder syndet bars induce less dryness than soap bars, regular use of a
mild syndet bar, particularly in cold drying weather, helps keep skin relatively
more moisturized than regular use of soap. In addition to regular soap bars there
are translucent/transparent bars, often referred to as glycerin bars, that are inter-
mediate between regular soap and syndet bars for skin drying [63]. By year 2000,
the cleansing bar market was still predominantly soap bars (60%), syndet bars
(25%), and combination bars, mixtures of soap and syndet (15%). However, the
bar market had evolved from simple cleansing to offering a wider range of bene-
fits [64].

13.2 Moisturizing Cleansing Liquids

Liquid detergent products are an alternative to bar soap for hand cleansing and
general body cleansing, particularly in the shower. The first shower products were
simple formulations based on combinations of relatively mild surfactants. These
products were generally less drying than soap but also less effective for cleansing.
However, during the 1990s, frequent showering, often daily, was the norm, and
this was more for refreshment and removal of body odors than for washing away
dirt and grime. The cleansing power of soap was not needed. Liquid products, al-
though usually milder than soap, were still inclined to leave the user feeling tight
and dry after showering. This problem created a product opportunity, and skin
care manufacturers responded with a new category of shower products called
moisturizing body washes. These product were very different from the previous-
ly available shower liquids, most particularly by containing a high level of emol-
lient oil and a deposition system, often polymer based, to promote deposition of
emollients and resistance to rinsing away. The moisturizing benefits of these
products, particularly when skin is a little dry before showering, is readily per-
ceived and many women report that they have less need to use a moisturizing lo-
tion after showering. The skin moisturizing effect can also be demonstrated clini-
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cally using instruments to reveal an increase in hydration and visual grading to
demonstrate a reduction of visual dryness [65].

13.3 Moisturizing Cleansing Wipes

The disposable wipes segment of the cleansing market has been growing steadily
since the late 1980s. The common products are everyday wipes and baby wipes,
but toward the end of the 1990s a number of new disposable wipe type products
appeared. There were make-up removal wipes, antibacterial cleansing wipes,
foaming cloths for facial cleansing, and skin moisturizing wipes. While most wet
wipes provide a transient hydration of skin, wipes designed to be moisturizing
usually contain a humectant such as glycerol.

14 SKIN MOISTURIZERS AND SUN PROTECTION

Sunscreens containing specific moisturizing ingredients were introduced in the
United States in the 1980s. These products contained the usual sunscreen ingredi-
ents to give a full range of sun protection factors (SPF) as well as humectants for
moisturizing benefit. Over the years many manufacturers have added moisturiz-
ing ingredients to their sunscreen product range. Notwithstanding this extension
of benefits, products in the sunscreen segment of the marketplace are seasonal
products intended primarily to protect against sunburn.

In addition to sunscreen products containing moisturizing ingredients there
are face and body moisturizing products which contain sunscreen ingredients. For
many years facial moisturizing creams and lotions have contained sunscreens for
protection against lines, wrinkles, and other long-term effects of solar UV. In this
context sunscreens are used as anti-aging ingredients. Facial products are seg-
mented into day and night products. Not surprisingly, it is the day creams that
contain sunscreens. Most manufacturers also offer day creams without sun-
screens, as these are lighter formulations and preferred by some consumers.

Prior to 1998, sunscreens were not added to body moisturizers, but now sev-
eral leading manufacturers of hand and body products have at least one variant
containing sunscreen in their dry skin product range. These products are intended
to provide protection from everyday UV exposure in addition to treating and pre-
venting dry skin. It is interesting to note that one manufacturer introduced a dry
skin product containing sunscreens in the 1980s but the product failed. Consumers
did not perceive a need for such a product at that time and did not buy it. Now, over
20 years later and with intensive medical and media focus on escalating skin can-
cer rates, protection from everyday UV exposure makes sense for consumers and
the new generation of sunscreen moisturizers seem assured of success.
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15 THE MEDIA AND THE MESSAGE

With so many different moisturizers available it is not surprising that many con-
sumers earnestly seek information to guide their choice of skin care products.
One thing is certain: no consumer could ever try all the available skin products to
determine in practice the ones most appropriate for one’s individual needs. Fortu-
nately, or maybe not, information on skin care and skin care products is every-
where: magazine and newspaper articles and advertisements; radio and television
programs and advertisements; products labels; promotional pamphlets and junk
mail; friends, acquaintances, relatives, coworkers, beauty consultants, and derma-
tologists; and now on the internet.

Some of the information from these sources is excellent; regrettably some
is little more than piffle. Most of the information on skin care products and tech-
nologies falls between these two extremes. One common source of misinforma-
tion is the expectation that an activity demonstrated for an ingredient in a test tube
system will apply when the ingredient is incorporated in a moisturizer and ap-
plied to skin. Unfortunately, a lot of misinformation cycles between the different
sources and acquires familiarity and credibility in the process. How much of what
you know about skin care products is what you have heard or read in sources oth-
er than peer reviewed scientific journals?

The internet has become a major source of information for skin care prod-
ucts with numerous sites offering both products and advice [66]. All of the major
manufacturers have web sites to promote their products and to provide relevant
technical information. Because the internet is open to all and not regulated for
content, it may seem that anything goes. However, the web sites of the major
manufacturers can be regarded as reasonably reliable because the posted informa-
tion will have been subject to internal legal review and approval.

Prior to the internet, and probably still true for a majority of consumers,
specialist magazines were the primary source for information and advice about
moisturizers and skin care generally. Magazines come and go but all have the
same categories of contents. Most women’s magazines have a selected target au-
dience such as teenagers, young mothers, sophisticated women, executives, older
women, active seniors, or other groups. All the magazines have many pages de-
voted to advertisements for skin care, beauty, and fashion items. Unlike adver-
tisements on television, which must package the product message into a few
memorable sound bites, full-page print advertisements can contain a great deal of
information, although usually in headline form and with no reference to source or
explanation. All magazines have a number of feature articles and regular sections
that typically include reviews of new products, market trends, and skin health is-
sues and treatments. Each article in a magazine is selectively tailored to the par-
ticular readership of that magazine.

The reliable sources of information on skin care issues and effective treat-
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ments are the peer reviewed journals. There is the International Journal of Cos-
metic Science, several peer reviewed journals in dermatology, such as the Journal
of Investigative Dermatology, and several more broadly based medical journals,
such as the New England Journal of Medicine. These journals are not the normal
reading for most of the individuals who write or contribute to skin care articles.

16 THE FUTURE

The trend in the skin care market at this time is ever increasing specialization and
customization of products [67,68]. Accompanying this trend is an explosion of in-
formation that serves to direct consumers toward products most relevant to indi-
vidual needs and also creates an expectation that these needs can be satisfied.
Hope has always been ahead of technology in skin care. Expectations, based on
what is communicated from the marketplace, are also moving ahead of technolo-
gy. The challenge for the marketplace is to provide good information as well as
better products. The consumer needs both.

There is a book to be written about the sources and communication of skin
care information. While information about skin care products and technologies
seems almost endless there is an issue of reliability, but not because of any mali-
cious intent to deceive. There is an element of truth in almost everything that is
reported. Much of the misinformation that could be identified as unsound by an
expert is very plausible and can often seem reasonable to the informed nonexpert.
In this situation how does the consumer figure out what to believe and what to re-
ject? One answer is to ensure the widest possible readership of books such as this.
Another answer is the consumer answer: what matters is not what is said or writ-
ten but only how a product performs. If a product works, the consumer will find
it. If the consumer is led to expect performance but it is not delivered, the con-
sumer will be disappointed, move on to something else, and the product will die.

The mass market for moisturizers started over 100 years ago with products
such as Vaseline Petroleum Jelly and Pond’s Cold Cream as single products to
meet most every need for body and face care. From this humble beginning the
marketplace has evolved to the sophistication and customization of the 21st cen-
tury. Moisturizers certainly work. Regular use will keep the skin in good condi-
tion and help to maintain that good condition over time. Addition of a select num-
ber of ingredients, as described elsewhere in the book, has enhanced the benefits
of moisturizers beyond simple hydration of the stratum corneum, but these ad-
vanced products fall well short of satisfying unmet consumer skin care needs. The
skin moisturizer marketplace is highly fragmented and very complex. There
seems little reason to expect this will change unless and until there are some big
breakthroughs in the science and technology of skin care—not just another ingre-
dient or product form adding incremental benefit, but something fundamental.
The science fiction writers have envisioned wands to diagnose and treat the skin.
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The medical profession is making gene therapy a reality for select disease condi-
tions. A wand or a gene product that worked for skin would certainly change the
face of the moisturizer market. In the meantime, what you read in this book is
likely to remain the current position for a long time to come.
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1 INTRODUCTION

Although encompassing a multitude of attributes, in its most widely appreciated
context the skin barrier function refers to the epidermal barrier to water perme-
ability. Indeed, this is one of the most crucial of integumentary functions that
make terrestrial life possible. Large-scale damage to this barrier, as in third-de-
gree burns, results in death by dehydration (due to unchecked water loss). An in-
tact impermeable barrier allows the organism to soak in water without flooding its
internal organs and keeps out many xenobiotics. The stratum corneum (SC), a
tough, paper-thin superficial layer of skin, has evolved to meet this primary re-
quirement. Compared to the rest of the skin, which weighs around 16% of the to-
tal body weight, the mass of SC is rather insignificant. However, its average sur-
face area (1.6 to 1.9 m2 in an adult person) is a clear indication of its functional
significance to the integumentary system. The skin serves as a primary defense, a
sensory and an excretory organ, a key to temperature regulation, and a visual sig-
nal for intraspecific communication. Its barrier function extends to UV, oxidants,
and immune barriers, as well as barriers in interracial relations that have shaped
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human destiny. Functions and dysfunctions of skin affect not only the physical
health, but also the self-esteem of the person. The latter aspect, once trivialized as
vanity, is being increasingly recognized as important to emotional well being.
This scientific attitude also has made the cosmetic and personal care industries fo-
cus on truly functional ingredients and products that perform, with an objective
means of measuring the functional efficacy. As a result, research in skin biology
has taken a truly interdisciplinary approach to encompass polymer sciences, mea-
surement sciences (analytical), bio- and tissue-engineering and instrumentation,
controlled-release and transdermal delivery of actives, in addition to the classic
dermatological sciences, which have added molecular biology and genome sci-
ences to its armamentarium of diagnosis and treatment.

Many of these advances have paralleled the developments in understanding
the structural organization and functional properties of the stratum corneum. As
the interface between the body and the environment, the SC has to perform a myr-
iad of functions. Its own functional status depends on being in a plasticized state,
i.e., having adequate water-holding ability, while its waterproofing function is
crucial for the survival of the organism. Both these are achieved by utilizing
lipids, nature’s most ubiquitous waterproofing molecules [1]. Indeed, the primary
function of the keratinocytes appears to be generation of this protective sheath by
their terminal differentiation into corneocytes. In mammalian SC, these lipids
consist of intercellular sheets of ceramides, cholesterol, and fatty acids, but in the
deeper layers of epidermis, phospholipids are predominant [2]. We will briefly re-
view the histologic organization of the skin and the cellular events leading to ter-
minal differentiation of keratinocytes before describing the organization of the
SC, the crucial role of ceramides, the physical properties of key barrier lipids, and
a model for their organization.

2 HISTOLOGY OF THE MAMMALIAN SKIN

The skin consists of two distinct layers. The dermis (making up the bulk of skin)
is made up of connective tissue elements. The overlying, avascular epidermis is
composed primarily of keratinocytes (Fig. 1). Dermis is made up of collagen,
elastin, glycosaminoglycans, as well as fibroblasts that elaborate these sub-
stances. Dermis is highly vascular and also includes the pilosebaceous units,
sweat glands, dermal adipose cells, mast cells, and infiltrating leucocytes. About
95% of the epidermis layer is composed of keratinocytes, of which the lowermost
are anchored to the basement membrane via hemidesmosomes. Other cell types
seen in the epidermis are melanocytes, Langerhans cells, and Merkel Cells
(mechanoreceptors). This stratified layer is approximately 100 to 150 µm thick
and has keratinocytes in various stages of differentiation—reflected in the expres-
sion pattern of keratins and consequently in histological appearance. Based on
histologic criteria, the epidermis is divisible into four strata: the stratum basale
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FIGURE 1 Histology of human skin showing the dermis and epidermis. C =
collagen, D = stratum basale, SG = stratum granulosum, SC = stratum
corneum, and SS = stratum spinosum.

(SB), stratum spinosum (SS), stratum granulosum (SG), and stratum corneum
(SC).

The stratum basale consists of one layer of columnar basal cells which are
composed of epidermal stem cells and transiently amplifying cells derived from
the stem cells. They remain attached to the basement membrane via the hemi-
desmosomes. Morphologically, they have a high nucleo/cytoplasmic ratio, cell or-
ganelles such as mitochondria, and keratin filaments that are inserted into the
hemidesmosomes. They also have desmosomes connecting adjacent and overly-
ing cells. Biochemically, keratins K14 and K5 are expressed in the basal cells.

The stratum spinosum, or “spinous layer,” is so designated due to the spine-
like appearance of the cells in histological preparations that result from the large
numbers of desmosomes (Fig. 2). In addition to the typical cell organelles seen in
the basal layer, the SS also shows the presence of lipid-enriched lamellar bodies
(Odland bodies, keratinosomes, membrane-coating granules) that first appear in
this layer. These organelles play a crucial role in the formation of the permeabili-
ty barrier.

Morphologically, they are round or ovoid bodies 0.2 to 0.5 µm in diameter
and contain parallel stacks of lipid-enriched disks enclosed by a trilaminar mem-
brane. In near perfect cross-sections, each lamella shows a major electron dense
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FIGURE 2 Low magnification electron micrograph of human epidermis and
part of SC. Note progressive flattening of cells from the upper SS layers. In-
set: lamellar body from murine epidermis showing its internal organization
as well as connection with cytosolic tubular membrane system (arrow-
heads). (OSO4 fixation.)
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band that is shared by electron lucent material divided centrally by a minor elec-
tron dense band (Fig. 2 inset). Their appearance marks the dual aspects of epider-
mal differentiation, viz., protein and lipid synthesis. Proteins that are expressed in
the SS are keratins 1 and 10. An increase in cellular keratin filaments is noticeable
compared to the basal cells. In the upper layers of the SS, the cells begin to flatten
and elongate. Above this layer is the stratum granulosum.

The stratum granulosum layer is characterized by the presence of distinct,
darkly staining keratohyalin granules (KHGs), composed of profilaggrin, loricrin,
and a cysteine-rich protein as well as keratins 1 and 10. Keratohyalin granules be-
come progressively larger in the upper granulocytes (Fig. 3) due to a quantitative
increase in keratin synthesis. The filaggrin subunits of profilaggrin play the role
of matrix molecule to aggregate and align the keratin filaments. Keratin filaments
in upper granular layers are highly phosphorylated and have extensive disulfide
bonds, compared to the cell layers below. The increase in protein synthesis is ac-
companied by an upregulation in lipogenesis as well, reflected in the boost in
numbers of lamellar bodies reaching their highest density in the uppermost gran-
ulocytes, where they occupy about 20% of the cell cytosol. The uppermost cells
in the SG display a unique structural and functional organization of the lamellar
bodies (LBs), consistent with their readiness to terminally differentiate into a cor-
neocyte, during which the lamellar bodies are secreted to the extracellular do-
mains. As seen in electron micrographs of oblique sections, they are highly polar-
ized in the apical cytosol of upper granulocytes. A battery of techniques, such as
confocal scanning and electron microscopy, together with enzyme cytochemistry
[3] show that in these secretory cells, lamellar bodies are interconnected and ap-
pear to bud off a transgolgi-like network. Biochemical characterization of the
LBs by preparing an enriched fraction [4] as well as by cytochemical studies [2]
show that they are enriched in glucosyl ceramides, phospholipids, and choles-
terol, as well as hydrolytic enzymes like lipases, sphingomyelinase, β-glucosyl-
cerebrosidase, and phosphodiesterases. Once secreted, their lipid contents are
processed by the co-secreted enzymes, transforming the short stacks of probarri-
er lipids into the ceramide-enriched final barrier lipid structures.

Some rare electron microscopic images (Fig. 4 upper inset) also suggest 
that the disk structures within individual lamellar bodies are already continuous,
having an accordionlike folded pattern, and that these contents unfurl on secre-
tion. However, whatever form the disks are within the LBs, further fusion of the 
secreted contents mediated by co-secreted enzymes and/or fusogenic lipids
formed due to enzyme activity (lysophospholipids) are involved in formation of
the SC extracellular bilayers. A recently described, unique arrangement of the
lamellar body secretory system within the secretory granular cell explains the
ability for rapid LB secretion to support the homeostasis and/or rapid repair of 
the permeability barrier [3]. Confocal microscopic images first suggested that 
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FIGURE 3 Higher magnification view of SG and part of SC. Note keratohyalin
granules (KH) and mitochondria in SG and features of transitional cell, as
well as prominent corneodesmosomes in the stratum compactum (arrows).
(OSO4 fixation.) Inset: RUO4 postfixation reveals tubular profile of a lamellar
body, connected (arrowheads) to a transgolgi-like network (arrows) in the cy-
tosol.
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FIGURE 4 Oblique section of murine SG–SC interface depicting highly tortu-
ous intercellular junction, abundance of secreted LBs, and deep invagina-
tions that are portals of LB secretion. Lower inset: in a near-perfect cross-sec-
tion of SG–SC interface, the tortuosity is not evident. Secreted contents of
LBs fill the expanded intercellular domains (arrows). (Modified from Ref. 85
with permission from Blackwell Sciences, LTD.) Upper inset: unfurling LBs
showing the continuity of LB disks within. (OSO4 fixation.)
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LBs are organized into a previously unrecognized cytosolic, tubuloreticular net-
work. Electron microscopic observations of RUO4 postfixed, obliquely sectioned
murine epidermis further confirmed that LBs appear not as discrete organelles, 
but are arranged in an end-to-end/side-by-side orientation. An extensive intracel-
lular cisternal system that is spatially associated with LBs frequently appears to be
in direct contact with the envelope of adjacent LBs. Most significantly, conti-
nuities between the extracellular domains of SG–SC interface with deep, inter-
digitating invaginations form an extensive honeycomb-like latticework within the
apical cytosol of the uppermost SG cell. To sum up, these ultrastructural data cor-
related well with the confocal images of fluorescent lipid staining of epidermis 
and demonstrate (1) deep invaginations of the extracellular domains, (2) a trans-
golgi-like tubuloreticular network, and (3) arrays of contiguous LBs in the apical
cytosol of the outermost SG cell. This organization provides for portals of LB se-
cretion as the granulocyte elaborates a thickened envelope, the cornified enve-
lope, in preparation for its final transition to a corneocyte. The cornified envelope
is a thickened, electron dense band (as seen in electron micrographs) underlying
the apical plasma membrane. The thickening represents the sequential deposition
of proteins, cross-linked by (glutamyl) lysine isopeptide linkages, bis(glutamyl)
polyamine linkage, and disulfide bonds [4]. The cross-linking is catalyzed by
transglutaminases, whose major substrate is involucrin. Loricrin, the major struc-
tural protein of the envelope, is incorporated at a relatively late stage. Other puta-
tive constituents of the envelope are cornifin, keratolinin, and a cystein-rich pro-
tein related to cystatin A. Coincident with cornification, the plasma membrane of
the outermost SG cell is replaced by a solvent-resistant envelope. This structure is
enriched in ω-hydroxyceramides covalently bound to peptides in the outer corni-
fied envelope (primarily glutamine/glutamic acid residues in involucrin). The ori-
gin of this structure is now believed to be the lamellar body contents (see Figs. 5
and 7), more precisely, ω-hydroxyceramides transesterified in situ to the cornified
envelope peptides by transglutaminase 1, the calcium-dependent enzyme. Al-
though the corneocyte lipid envelope (CLE) itself may not possess intrinsic water
barrier function, it is thought to be crucial for normal deposition of the lipid lamel-
lae (scaffold function), corneocyte cohesion, and/or regulation of access/egress of
molecules from the corneocyte cytosol. The initiation of the formation of corni-
fied envelope, the large-scale secretion of lamellar bodies, the dissolution of the
cellular organelles, the condensation of keratin filaments, etc., that lead to the ir-
reversible process of cornification depend on many signals, the nature of which is
still being elucidated. One such signal that triggers the process is ionic calcium. 
In vitro studies have shown that keratinocyte differentiation can be induced by el-
evating the calcium concentration of their culture media [5]. Cytochemical tech-
niques [6] as well as particle beam analysis [7] have demonstrated an extracellu-
lar calcium gradient in mammalian epidermis in vivo, with low Ca2+ content in 
the basal proliferating layers and progressively higher concentrations as the epi-
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FIGURE 5 High magnification view of SG–SC interface of murine epidermis
following RUO4 postfixation. Note superior visualization of lipid-enriched LB
contents. Postsecretory processing of LB derived lipid disks such as end-to-
end fusion and their transformation into broad, compact bilayers at the distal
portions of the intercellular (extracellular) domain. The RUO4 technique illu-
minates details of the relation between desmosomes (D) and the lipid disks
that seem to be anchoring onto the desmosomes. While cytosolic LBs are
stained, keratohyalin granules and other cytosolic structures are obliterated
by RUO4. (Modified from Ref. 22.)
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dermis stratifies and differentiates. An influx of Ca2+ into the cytosol of upper
granulocytes is believed to trigger the rapid transformation of granulocyte into a
corneocyte. Via an intermediate stage, the transitional cell which is characterized
by remnants of nuclei and other cytosolic components, unidentifiable vacuoles;
dense, keratin-filled cytosol, and cornified cell envelope. This process of transi-
tion from granular to first cornified cell is rapid (5 to 6 hr) and the mechanism of
cytoplasmic degradation involving activation of several proteases, despite no
morphological evidence of autolysosomes, is poorly understood [8] and has been
termed difpoptosis [9] to distinguish it from the classic apoptotic pathway.

3 CORNEOCYTES AND THEIR 
EXTRACELLULAR DOMAINS

The stratum corneum is a composite of the corneocytes (terminally differentiated
keratinocytes) and the secreted contents of the lamellar bodies (elaborated by the
keratinocytes), which give it a brick-and-mortar organization and unique func-
tional properties. These properties are based on the nature of sequestration of pro-
teins to the cytosol of corneocytes (stacked one upon another and spot-welded at
several points by corneodesmosomes) and lipids to the extracellular space, where
they form a continuous phase (Fig. 6). This arrangement creates a tortuous path
through which substances have to traverse in order to cross the SC. In the human
skin, the stratum corneum typically has about 18 to 21 cell layers. Individual cor-
neocytes are 20 to 40 µm in diameter (as opposed to 6 or 8 µm for the basal cell).
They may differ in their thickness, packing of keratin filaments, number of
desmosomes (corneodesmosomes), etc., depending on the body site and their lo-
cation within the SC (inner stratum compactum versus outer stratum disjunctum).
These features also may influence their degree of hydration, which varies from 10
to 30% bound water. Water-holding properties of corneocytes are influenced by
the rate of proteolysis (filaggrin breakdown) that leads to formation of amino
acids collectively known as natural moisturizing factors [10]. Corneocytes have
ridges and undulations which aid the overlapping cells to interdigitate, enhancing
the stability of the layer. In addition, corneodesmosomes ensure the cohesiveness
of the layer, especially in the stratum compactum, where they appear intact (Fig.
3). In contrast, slow degradation of these structures in the stratum disjunctum al-
low the normal process of corneocyte desquamation.

The SG–SC interface shows (1) invaginations of the apical cell membrane
of uppermost granulocytes serving as portals of LB secretion and (2) greatly ex-
panded intercellular space filled with secreted contents of lamellar bodies. As
shown in Fig. 5 the lamellar body contents fuse end to end on secretion, forming
elongated bilayer structures that go through chemical and structural modulations
mediated by a battery of lipid metabolizing enzymes such as acid and neutral li-
pases, phospholipases, sphingomyelinase, β-glucocerebrosidase, etc. [2]. At the
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FIGURE 6 Low magnification electron micrograph of human SC as a com-
posite structure showing the tortuous extracellular domains filled with lipid
bilayers (arrows) and desmosomes (D) that rivet the corneocytes. The large
“holes” within some of the corneocytes are artifacts (due to keratin digestion
by the reactive RUO4). (Reprinted from Ref. 86, with permission from
Springer Verlag, GMBH & Co. KG.) Inset: a high magnification view of inter-
cellular bilayer structures with repeat pattern of lucent and dense bands (ar-
rows) in normal human SC.

SG–SC interface, a string of fused LB disks can still be identified, but closer to
the membrane of the first layer of corneocytes the individual disk outlines have
already disappeared, and long continuous bilayer structures are already formed.
This offers morphological evidence for the postsecretory processing of LB con-
tents in the extracellular domains and lends support for earlier biochemical data
that suggested ongoing lipid modulations that characterize epidermal differentia-
tion and stratification [11]. One of the most crucial events in the processing of LB
contents is glucosyl ceramide-to-ceramide metabolism by the enzyme β-glucosyl
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cerebrosidase. Investigations by Holleran et al. [12,13] have shown that the pro-
barrier lipids originating from lamellar bodies have a predominance of glucosy-
lated lipids, and that the enzyme β-glucocerebrosidase is crucial in removing the
glucose moiety and giving rise to the ceramides of stratum corneum. Inhibitors of
the enzyme, as well as genetic deficiency of β-glucocerebrosidase, lead to well-
characterized lipid processing defects, structurally immature lipid bilayers in the
SC, and consequent barrier abnormalities and defective desquamation. The
desmosomes initially appear to provide anchorage to the disk contents of LBs.
But toward the outer SC, they begin to appear surrounded by lipid lamellae.
Lamellar body–derived proteases are involved in degradation of desmosomes
leading to the normal process of desquamation, from the outer SC (stratum dis-
junctum). However, the lipid bilayers may protect the stratum compactum from
proteolytic degradation, ensuring integrity of this stratum that is crucial to the
barrier function. An interesting observation that sugars protect desmosomes [14]
may have implications in the specific sequence of lipid processing during barrier
formation. Other aspects of extracellular lipid processing include phospholipid to
free fatty acids by phospholipases, and cholesterol sulfate to cholesterol by
steroid sulfatases. Several observations linking enzyme deficiencies and abnor-
mal lipid structural morphology in the SC correlate well with the functional sig-
nificance of the three major lipid species and their critical ratios to the barrier. The
sequestration of lipids as membrane bilayers within the SC extracellular domains
can be appreciated from the ultrastructural appearance of RUO4-stained SC. Sta-
tic images in electron micrographs provide a glimpse, albeit a frozen moment, of
the dynamic postsecretory modulations in the probarrier lipids (Fig. 5). Whereas
the proximal parts of the SG–SC interface contain separate disks or those in the
process of fusing with each other, close to the membrane of the first corneocyte
the fused LB disks have already formed continuous lipid bilayers. The basic unit
pattern of the bilayers consists of a series of six electron lucent lamallae alternat-
ing with five electron dense lamellae (Fig. 6, inset). Double and triple basic units
occur frequently. The basic unit structures persist all the way to the outermost lay-
er of SC (Fig. 6), although contamination with sebum results in loss of the tight
arrays of bilayers. Additionally, the structural relation of the bilayers to the cor-
neodesmosomes shows gradual changes associated with the progressive degrada-
tion of desmosomal structures. Ultrastructurally, the process of desmosomal
breakdown involves (1) the formation of electron lucent areas in their core and
(2) eventual expansion or ballooning of the cores to form the lacunar domains
which are gradually engulfed by the extracellular bilayers. The near total segre-
gation of lipids to intercellular domains of SC was also confirmed by isolating SC
membrane sandwiches containing trapped intercellular lipids [15]. These prepa-
rations comprised about 50% lipids by weight, accounting to over 80% of SC
lipids, and had the same lipid profile of whole SC. Additionally, it had the same
freeze fracture and x-ray diffraction pattern of whole SC [16]. These lipids are
composed of ceramides, cholesterol, and fatty acids [17] present in roughly
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equimolar ratios, in addition to small amounts of triglycerides, glycosphin-
golipids, and cholesterol sulfate that are detected in the SC [18]. Ceramides
amount to approximately 50% of the total lipid mass and 40% of the total number
of lipids, and are crucial to the lipid organization of the SC barrier [19]. Based on
chromatographic separation, six classes of ceramides were indentified in porcine
epidermis. However, chromatographic profile of human stratum corneum some-
what differs from that of porcine stratum corneum due to differences in amide-
linked fatty acids. Hence a new system of nomenclature based on structure, rather
than chromatographic mobility, was proposed by Motta et al. [32]. This system,
named CER FB (F indicates the type of amide-linked fatty acids; B indicates the
base), the details of which are given by DiNardo and Wertz elsewhere in this vol-
ume, is adopted here (Table 1). Of these, ceramide 1 is believed to be uniquely
significant in the formation of the covalently bound lipid envelope of corneocytes
[20]. Ceramide 1 consists of sphingosine and long chain unsaturated, mono- and
di-unsaturated ω-hydroxy acids in the amide linkage. Cholesterol is the second
most abundant lipid in the SC and amounts to approximately 25% by weight or
30 mol% of SC [21] and is crucial for promoting the intermixing of different lipid
species. Free fatty acids account for about 10% of SC lipids or 15 mol%, and con-
sist predominantly of long chain saturated fatty acids having more than 20 carbon
atoms. Oleic (6%) and linoleic (2%) are the only unsaturated fatty acids detected
as free in the SC [17].

Deficiencies in any one of these three lipid species result in barrier abnor-
malities characterized by increased trans-epidermal water loss (TEWL) as well as
observable alterations in the ultrastructural features of the SC extracellular do-
mains [22]. These abnormalities could arise from experimental inhibition of key
epidermal enzymes involved in synthesis of cholesterol (HMG Co A reductase),
glycolipid synthesis (serine palmitoyl transferase), fatty acid synthesis (fatty acyl
co carboxylase), or in extracellular processing of glycolipids that are secreted as
probarrier lipids via the lamellar body secretory system (β-glucocerebrosidase).
These barrier defects also lead to epidermal hyperproliferation, as well as dry,
flaky skin conditions. Epidermal sterologenesis has been shown to be indepen-
dent of circulating levels of cholesterol [23], and hence systemic cholesterol-low-
ering drugs do not usually impact the epidermal barrier. However, a few cases
where hypocholesteremic drugs have resulted in skin barrier defects and scaly
skin have been reported [24]. Much of the research in this area has centered
around ceramide deficiency and will be discussed. Other dermatological condi-
tions that arise due to deficiency of enzymes/activators include the Netherton syn-
drome.

4 SPECIAL ROLE OF CERAMIDES

In the past two decades, the special role of ceramides in skin barrier has attracted
considerable research efforts, broadly divided in the following categories: (1)
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Physical chemical investigations on lipid mixtures that mimic SC lipid composi-
tion and the impact of different types and ratios of lipids on these parameters,
[19,25]; (2) in vitro studies on keratinocytes, with emphasis on ceramide synthe-
sis and transport into lamellar bodies [26]; (3) in vivo studies of barrier repair in
animal models, experimental conditions of altered ceramide synthesis and metab-
olism, as well as transgenic animals with enzyme deficiencies [27–29]; and (4)
quantification of ceramide levels and types in human skin disorders such as atopic
dermatitis [30,31] and psoriasis [32]. All of these approaches have provided valu-
able information on the multiple roles of this crucial lipid species, not only in bar-
rier formation, but also in regulating epidermal homeostasis (via cell prolifera-
tion, apoptosis) and skin microbial population [33].

Although the details of the molecular organization of lipids in the SC has
not been clearly elucidated, studies using mixtures of lipids that mimic SC com-
position (or are extracted from SC) with a diverse range of physical techniques
such as x-ray, TEM, DSC, AFM, NMR, and FTIR show that they are organized in
lamellar bilayer structures in which the lipid chains are highly ordered [34–40].
Bouwstra et al. [35] indicated that at an equimolar CHOL/CER molar ratio, the
lamellar organization is least sensitive to a variation in CER composition, while
at a reduced CHOL/CER molar ratio, the CER composition plays a more promi-
nent role in the lamellar phases.

Studies on keratinocyte cultures by Madison et al. [26] have shown that ce-
ramide glucosyltransferase (CGT), the golgi enzyme responsible for lamellar
body glucosylceramides, is upregulated on inducing keratinocyte differentiation,
and parallels the appearance of lamellar bodies. They also found that ceramides
are converted to glucosylceramides within the golgi, which points to a transgolgi
origin of lamellar bodies. Besides, electron microscopic images of LBs showed
shapes consistent with cross-sections of tubules or buds from tubules, in addition
to vesicles, similar to what was described in vivo (Fig. 3 inset) [3].

Several in vivo studies by Holleran and colleagues [13,27,28] have firmly
established the crucial role of ceramide synthesis in barrier repair process and 
β-glucocerebrosidase enzyme in converting the probarrier lipids (β Gluc Cer) to
ceramides, i.e., processing of the secreted LB contents during barrier repair. Ad-
ditionally, inhibition of the enzyme by topically applied inhibitors (in normal
skin) as well as the deficiency of the enzyme in transgenic animals, lead to defec-
tive processing of LB contents, resulting in morphologically abnormal lipid bi-
layers and increased TEWL. Similar defects occur in patients of Gaucher’s dis-
ease. The role of ceramides in formation of the corneocyte lipid envelope was
mentioned earlier in this chapter. A very recent study by Behne et al. [40] provid-
ed the first direct evidence for the crucial role of ω-hydroxy ceramides in CLE as
well as barrier function. They found that aminobenzotriazole (ABT), an inhibitor
of ω-hydroxylation, significantly inhibited the ω-hydroxylation of very long
chain fatty acids in cultured human keratinocytes, but did not alter the synthesis
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of other ceramides and fatty acid species. Topical application of ABT to murine
epidermis following barrier disruption (tape stripping) led to a significant delay in
barrier recovery. The barrier abnormality resulting from ABT treatment (but not
from its inactive chemical analog used as a control) correlated with (1) signifi-
cantly decreased ω-hydroxyceramides in both the unbound and covalently bound
pools of ceramides; (2) pronounced alterations in LB internal structure; (3) ab-
normal SC extracellular lamellar membranes; and (4) ultrastructural evidence of
numerous foci with absent CLE. These observations provided firm support to ear-
lier contentions that the CLE is a significant component of the epidermal perme-
ability barrier. Figure 7 provides a schematic representation of the CLE formation
and the steps affected by ABT treatment.

Compromised barrier functions that correlate with alterations in SC ce-
ramide levels have been documented in seasonal changes [41], aging [42], psori-
asis [33], and in atopic dermatitis [30], which have been addressed in other chap-
ters of this volume.

It is also worth mentioning here that a wealth of literature exists on the roles
of ions, cytokines, and various ligands for the superfamily of nuclear receptors, in
barrier development as well as maintaining the barrier homeostasis. For these as-
pects, the reader is referred to two of the recent reviews [43,44].

5 PHYSICAL PROPERTIES OF SKIN BARRIER LIPIDS

5.1 Ceramides

Ceramides are sphingolipids that consist of a long chain amino alcohol (sphingo-
sine or one of its derivatives) to which a long chain fatty acid is linked via an
amide bond (Fig. 8) [45]. The sphingosine molecule behaves like a surfactant in
its free form since it is charged at physiological pH [46]. In addition, it contains a
couple of hydroxyl groups along the chain.

Sphingolipids may undergo a plethora of lyotropic and thermotropic phase
transitions, which in part may be due to different packing arrangements of their
two hydrocarbon chains. This is probably because there is typically a consider-
able length difference between the carbon chain of the amino alcohol (usually an
18-carbon sphingosine or phytosphingosine base) and a saturated very long (usu-
ally 24-carbon) amide-linked fatty acid [47].

Pascher [48] determined the crystal structure of the ceramide group of
sphingolipids. Crystal space groups of membrane ceramides have not yet been re-
ported. However, the crystal forms of N-tetracosanoylphytosphingosine (i.e., C18
phytosphingosine with an amide-linked C24 fatty acid) pack in a splayed chain
conformation where the phytosphingosine and fatty acid chains form separate
matrices. However, packing with folded molecules, like in liquid crystalline bio-
logical membranes, can be obtained by crystallization from solvent. A detailed
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FIGURE 7 Stepwise formation, packaging, and organization of epidermal 
ω-hydroxyceramides (ω-OH-Cer). Step I (in both lower and upper epidermal
layers): Omega-hydroxylation of very long chain fatty acids (FA) precedes
condensation with sphingoid base (Sph) to form ω-OH-Cer species, including
glucosylated and ω-acylated forms. The process is interrupted by ABT. Step II
(primarily in the mid- to outer epidermal layers): The ω-OH-Cer species are
then packaged, along with other barrier lipids, into both the limiting mem-
branes and the central core of lamellar bodies (LB) Step III: (Subsequent fu-
sion of the LB-limiting membrane with the apical plasma membrane (PM) of
the outermost stratum granulosum (SG) cell delivers LB contents into the in-
terstices between SG and cornified cells. This process also putatively enrich-
es the apical plasma membrane with ω-OH–containing ceramide species
(i.e., from the LB-limiting membrane), with subsequent covalent attachment
of ω-OH-Cer to cornified envelope (CE) proteins to form the corneocyte lipid
envelope (CLE) (inset). Step IV: Finally, mature lamellar membrane unit struc-
tures form in the extracellular domains of the SC, the organization of which
appears to depend upon the presence of an intact CLE. (From Ref. 40 with
permission from Blackwell Science, Inc.)
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FIGURE 8 Structural representations of free and protein-bound human stra-
tum corneum ceramides. (Modified from Ref. 84.)

PROTEIN-BOUND CERAMIDES
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structural analysis of this crystalline phase is still lacking, but it is assumed that
the fatty acid tails interdigitate deeply with the opposite half of the bilayer. The
hexagonal packing (α form, or plastic-crystal) exists from 106°C down to 21°C.
However, the diffraction pattern undergoes a continuous, and reversible, change
from a hexagonal to a more orthorhombic packing, where the hexagonal or or-
thorhombic subcell as axis remains constant (∼5 Å), while the bs axis continuous-
ly decreases from approximately 8.8 Å in the hexagonal matrix to 7.5 Å in the or-
thorhombic matrix. According to Dahlén and Pascher [47], the transformation of
the fatty acid chain matrix proceeds continuously over a large temperature range
until at 21°C the short phytosphingosine chains also change their packing state
[47].

The structure of a plasma membrane cerebroside has been shown to form a
bilayer structure with tilted chains [49]. Above 70°C, cerebrosides from bovine
brain give an L α phase (i.e., a lamellar liquid crystalline phase) where the hydro-
carbon chains are melted and consequently there is solely a crystalline periodici-
ty in the direction corresponding to the bilayer thickness [50]. No other liquid
crystalline phases have been observed [46]. Electron paramagnetic resonance
studies of cerebrosides and phosphatidylcholine in liposomes show a similar mo-
bility for the fatty acid chains of the two lipids.

At physiological skin temperatures (28 to 32°C), the ceramides of SC have
been claimed to be necessary for the existence of an L β structure (i.e., a lamellar
gel structure) with alkyl chains pointing in a direction perpendicular to the bilay-
er plane [51] that is free of both crystalline cholesterol and liquid crystalline HII

character [52].

5.2 Cholesterol

Cholesterol is the next most abundant lipid species among the skin barrier lipids
in the SC extracellular domains, at approximately 30 mol% [53,54]. The physical
properties of cholesterol are much less known than its biochemistry. Cholesterol
monohydrate, the biological crystalline form of cholesterol [55], forms a bilayer
with hydroxyl groups and water forming a hydrogen bonded sheet [56]. It is clear
that the phase behavior of cholesterol in biological membranes is exceedingly
complicated. In general, cholesterol decreases the chain mobility and reduces the
mean molecular polar head group area of lipids in the liquid crystalline state,
while it increases the chain mobility of lipids in the gel state [57]. It also decreas-
es transition enthalpies of biological membranes and broadens transition regions
from gel to liquid crystalline state in model membranes [57,58]. At high concen-
trations (>30 mol%) cholesterol prevents alterations of the bilayer structure in bi-
ological membranes (dielaidoyl phosphatidylethanolamine, DEPE). However, at
low concentrations (<20 mol%), cholesterol stabilizes reversed structures [58].
Cholesterol incorporation into phosphatidylcholine (PC) bilayers increases the
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phase transition temperatures for lamellar phases having hydrocarbon chains of
16 or fewer carbons. It also decreases the phase transition temperature for lamel-
lar phases having hydrocarbon chains of 18 or more carbons. At 50 mol% choles-
terol, a separate cholesterol phase forms and a cooperative lipid transition is no
longer observable by differential scanning calorimetry (DSC) [59].

For cholesterol dipalmitoyl phosphatidylcholine (DPPC) mixtures with
high cholesterol concentration (>25 mol%) at low temperature, the bilayer be-
haves as a liquid with much reduced area compressibility (i.e., a viscous liquid).
At these high concentrations, the cholesterol strongly favors the liquid phase over
the solid phase, since the liquid phase is stable down to temperatures far below
the transition temperature (Tm). In the liquid phase, cholesterol increases the con-
formational order of the alkyl chains but does not induce a concomitant decrease
of molecular mobility. At low concentrations, cholesterol is almost as soluble in
ordered solid as in disordered liquid phase [60].

It has been suggested that cholesterol can operate as a line-active substance
(cf. two-dimensional surfactant, or “lineactant”) situated at the interzone between
crystalline and liquid crystalline structures [61]. Thus cholesterol is likely to pro-
mote intermixing of different lipid species. However, two-dimensional, elongated
microcrystals have been observed in binary monolayers of synthetic ceramides
and cholesterol [62]. Recently, detergent-resistant membrane domains (DRMs)
have been isolated from a variety of eukaryotic cells. These are composed of a
mixture of saturated long acyl chain sphingolipids and cholesterol and exist as a
liquid ordered structure (i.e., properties intermediate between those of the gel and
liquid crystalline states) [63–65].

In mixtures of fatty acids and their soaps (30 wt% water), more than 20
mol% cholesterol is needed for crystalline cholesterol to appear [52,66]. In SC
lipid model membranes [cholesterol/bovine brain type III ceramides/medium
chain fatty acids (C14–C18) (35 mol% unsaturated), 26.2:27.4:46.6 (30 wt% wa-
ter)] the ceramides were required for solubilization of the cholesterol [52]. Also,
no separate crystalline cholesterol phase was observed in a skin lipid model mix-
ture containing human ceramide 3/cholesterol/palmitic acid/oleic acid (neutral-
ized to 53 mol%), 1:1:0.5:0.5 (32 wt% water) [74].

5.3 Free Fatty Acids

The third or fourth most abundant lipid species among SC barrier lipids is satu-
rated long chain free fatty acids (approximately 10–15 mol%) (Table 1)
[53,54,67]. In an aqueous milieu, free fatty acids are partly or fully ionized, acid-
soaps (AS) or soaps (S), and their physical properties greatly differ from fully
protonated fatty acids. The nomenclature of fatty acid crystal structures is based
on X-ray long spacings (i.e., angle of tilt of the hydrocarbon chains toward the bi-
layer plane). Saturated even- and odd-chained fatty acid crystals are either organ-
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ized in parallel triclinic or perpendicular orthorhombic packing. Unsaturated fat-
ty acids form bilayers with tilted hydrocarbon chains where there is a change in
the direction of tilt at the cis double bond [46].

Condensed phase diagrams of dry free fatty acid-soap mixtures show com-
plex phase behavior. Unique crystal unit cells of both the acid and the soap are
formed below the chain melting temperature. The palmitic acid-sodium palmitate
phase diagram of McBain and Field [45] shows that, except for an acid and soap
crystal, both an acid-soap crystal (AS, S = 0.50) and an acid-soap 2 crystal (AS2,
S = 0.67) are formed in the dry state. The effect on phase behavior by neutraliza-
tion is well exemplified by the oleic acid-sodium oleate–water system above the
chain melting temperature. Here a decreased salt concentration or increased pH
favors the formation of normal phases due to an increased interfacial charge den-
sity (and consequently larger effective lipid headgroup areas) [68]. At lipid–water
interfaces, fatty acids are more difficult to ionize the higher the negative surface
charge density. It is evident that segregation of fatty acids in lipid mixtures can
lead to increased surface charge densities locally.

5.4 Cholesteryl Esters

These are the fourth most abundant lipid species in SC barrier lipids (approxi-
mately 10–15 mol%) (Table 1) [52,53]. In cholesteryl oleate (constituting about
70% of SC cholesteryl esters), the crystal space group is monoclinic with the mol-
ecules packed antiparallelly and with long axes tilted about 30° with respect to
the layer planes [69]. Generally, the interlocking of cholesteryl stacks determines
the tilt of molecular long axes. The ester chain part may exhibit disorder as well
as considerable thermal motion and the hydrocarbon chains are therefore not
packed according to a repeating subcell pattern [45]. In contrast to the boomerang
shape of crystal structures of oleic acid, cholesteryl oleate exhibits an almost
straight chain. In the cholesteryl oleate the kink section is larger [the cis double
bond is situated in the middle of the chain, C(36) = C(37)], but the overall pertur-
bation of the chain is smaller than for oleic acid [45].

Liquid crystals of cholesteryl esters show exceedingly complex phase be-
havior. They can form smetic (i.e., having long-range order in the direction of the
long axis of the molecules), cholesteric, and blue phases depending on the chain
length of the fatty acid [46,69]. For the cholesteryl esters the smetic phase is sim-
ilar to the L α phase [46]. The cholesteric phase is a twisted type of nematic phase
(i.e., the lipid molecules are aligned side by side, but not in specific layers), where
each molecule is slightly displaced in relation to the next giving rise to a helical
arrangement of the molecules. Because it was first described for cholesteryl es-
ters, it was termed cholesteric liquid crystalline phase [45]. The blue phases are
cubic and the blue color is due to the long periodicity of the phases.
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5.5 Cholesterol Sulfate

Cholesterol sulfate, the fifth most abundant lipid species of SC lipids (approxi-
mately 1–5 mol%), is almost exclusively found in the interzone between the SG
and SC. Further up in the SC, the relative amount of cholesterol sulfate decreases
rapidly [70,71]. Cholesterol sulfate crystalizes as its sodium salt with two mole-
cules of water. The predominant aqueous phase is a gel phase (α form). Water is
needed for a certain degree of ionization, which is in turn required for the electy-
rostatic repulsion and swelling [46,71].

In model membranes of equimolar quantities of ceramide and cholesterol
sulfate, it has been shown that one molecule of ceramide and one molecule of
cholesterol sulfate together bind about 11 molecules of water, as compared to
pure cholesterol sulfate membranes where each molecule of cholesterol sulfate
binds about 12 molecules of water [72]. This indicates that cholesterol sulfate is a
much stronger surfactant than ceramide, and that cholesterol sulfate therefore has
a very different role in the stratum corneum as compared to ceramides and other
nonpolar lipids. The accumulation of cholesterol sulfate at the SG–SC interzone,
and the fact that cholesterol sulfate accumulation in the SC as a whole may be re-
sponsible for barrier abnormality in recessive X-linked ichthyosis [71], also sup-
ports this notion. It is therefore proposed here that cholesterol sulfate under nor-
mal conditions takes active part in the formation of the skin barrier, but is not part
of the SC intercellular, stacked, lamellar lipid matrix constituting the barrier.

6 THE PLASTIC-CRYSTAL, OR SINGLE GEL PHASE,
MODEL FOR THE STRUCTURE AND FUNCTION OF
THE PERMEABILITY BARRIER

The principal objective of the permeability barrier is to be as tight as possible, ex-
cept for a minute “leakage” of water needed for the hydration of the keratin in the
corneocytes (for plasticizing the SC). The integument must also ensure that the
barrier capacity is optimal, even under widely and abruptly changing ambient
conditions (e.g., temperature, pH, salt concentrations, relative humidity, etc.).
Consequently, (1) sudden transitions of the physical state of the intercellular lipid
matrix of SC, with possibly different permeabilities between the two phases, on
either side of the transition temperature and (2) phase separation between lipids,
where permeabilities could be locally enhanced at the interface between different
domains [73], will therefore be avoided as much as possible. Thus from a func-
tional point of view, the skin barrier should be as homogeneous as possible (i.e.,
ideal physical state, no abrupt transitions, no large differences in permeability be-
tween different morphologies, and as little phase separation as possible). This
can, however, only be achieved by heterogeneity in the lipid composition, which
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broadens phase transition zones, stabilizes an ideal lipid morphology, and ensures
that the lamellar structures remain intact and that no pores or nonlamellar struc-
tures are induced. It has therefore been proposed that the mammalian SC barrier
is composed of lipids in a lamellar arrangement that are in a plastic-crystalline
state (i.e., α form or “gel” state) stabilized by cholesterol and heterogeneities in
hydrocarbon chain length distributions (i.e., broad chain length distributions)
with or without water present between the lamallae [74].

Cholesterol is proposed to be the key component for the structure and func-
tion of the skin barrier while the ceramides are regarded as constituting the bulk
lipid matrix [74]. This is mainly because cholesterol stabilizes “gel” phases
[58,59] and probably promotes intermixing of different lipid species [61]. In fact,
a depressant effect on the water permeability has been observed on addition of
cholesterol to ceramide containing sphingomyelin and phosphatidylcholine mem-
branes [4,52,75,76]. Further, a high cholesterol/ceramide ratio has been shown to
render the lamellar lipid organization of mixtures of SC lipids less sensitive to
variations in skin ceramide composition [19]. Since the most salient features of
skin barrier lipid composition are (1) widespread heterogeneity and (2) an almost
complete dominance of saturated very long chain lipid acyl chains with broad,
very stable, chain length distributions [53,54] (cf. Table 1), it is logical to suggest
that the extracellular lipid matrix of the SC is a plastic-crystal (i.e., “gel” phase)
stabilized by cholesterol and heterogeneities in hydrocarbon chain length distri-
butions with or without water present between the lamallae [74]. The stable alkyl
chain distributions of ceramides and free fatty acids (mainly C24:0–C26:0, Table
1) [53,54] and the large relative amounts of cholesterol may aid intermixing of
different lipid species. Consequently, the combination of (1) a lamellar plastic-
crystalline structure (i.e., with low permeability as well as relatively low viscosi-
ty and great tendency to remain in a lamellar conformation due to the presence of
cholesterol) and (2) relatively impermeable corneocytes would present a barrier
of maximum resistance irrespective of environmental conditions, i.e., ideal in a
biological context [74].

The proposed structural morphology of the epidermal permeability barrier
of terrestrial mammals is a lamellar plastic-crystalline lipid structure, either

1. Without water, with ceramides in the “hairpin” conformation (i.e., the
two alkyl chains pointing in the same direction) and/or splayed chain
conformation (i.e., the two alkyl chains pointing in opposite directions)
[77], which is supported by the absence of swelling of the intercellular
lipid matrix upon hydration of the SC [19]
or

2. With water, which is supported by the finding that hydration of the SC
decreases lipid transition temperatures [78] and increases lipid disor-
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dering [79]. The presence of water will necessitate a hairpin ceramide
conformation or mixed splayed chain and hairpin ceramides [74].

The notion of a single and coherent lamellar “gel” phase in the stratum
corneum is not inconsistent with the WAXD findings of Bouwstra et al. [81] and
the electron diffraction studies of Pilgram et al. [82], who reported coexistence of
orthorhombic (β form) and hexagonal (α form) chain packing lattices in isolated
stratum corneum. This is because for ceramides the phase transition from hexag-
onal to a more orthorhombic chain packing is thought to be reversible and contin-
uous (cf. previous discussion and Ref. 47). This implies that the same amide-
linked fatty acid chain may have an orthorhombic packing in the upper part (i.e.,
closest to the polar headgroup) and a looser, more hexagonal packing in the low-
er part (i.e., the end of the hydrocarbon chain) at the same time in cholestrol-defi-
cient regions. However, the “impurity,” or compositional heterogeneity (i.e.,
many different chain lengths), of the crystal remains unperturbed (i.e., no lateral
diffusion of molecules takes place during the continuous phase transition). This
implies in turn that even in the case of almost complete “orthorhomicization” of
the molecular chain packing in cholestrol-deficient regions, the single and coher-
ent “gel” crystal remains intact, i.e., no phase separation occurs.

In conclusion, it is proposed that the extraordinary barrier capacity of ter-
restrial mammalian skin is due to the presence of a single and coherent plastic-
crystalline lipid structure (i.e., “gel” phase) in the SC extracellular space. The
proposed model could fully account for the extraordinary barrier capacity of
mammalian skin and differs in a most significant way from earlier models, in that
it predicts that no phase separation [e.g., between liquid crystalline and “gel”
phases or between hexagonal (“gel” phases) and orthorhombic phases] is present
in the intact barrier structure.
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1 INTRODUCTION

The skin is a complex structure that affords protection from the ravages of the ex-
ternal environment. The outermost layer, the stratum corneum (SC) represents the
true interface with the environment and is a magnificent example of the success-
ful adaptation of a tissue. Its efficient function is a prerequisite for terrestrial life
itself, and it has become highly specialized to protect against the invasion of mi-
croorganisms and toxic agents and, perhaps most critically, to limit loss of water.
The SC is heterogeneous in structure and at the simplest level has been likened to
a brick wall in which the noncontinuous, essentially proteinaceous, terminally
differentiated keratinocytes or corneocytes (bricks) are embedded in the continu-
ous matrix of specialized lipids (mortar) [1]. The SC consists typically of 12–16
layers of flattened corneocytes [2]. Corneocytes have a mean thickness of around
1µm and a mean surface area of approximately 1000 µm2, but ultimately the sur-
face area is dependent upon age, anatomical location and conditions that influ-
ence epidermal proliferation such as UV irradiation [3].

The corneocyte itself is devoid of intracellular organelles and cytoplasm
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and consists almost entirely of a keratin macrofibrillar matrix stabilized through
inter- and intrakeratin chain disulfide bonds encapsulated within a protein shell
called the cornified cell envelope [4]. This latter structure is composed of a num-
ber of specialized proteins that are extensively cross-linked through the action of
at least two members of the transglutaminase family [5]. The cornified envelope
is 15–20 nm thick [6], consisting of two components: a 15-nm-thick layer com-
posed of defined structural proteins [7] and a 5-nm-thick layer of ceramide lipids
[8] that are covalently attached to the protein envelope on the extracellular sur-
face. The overall integrity of the SC itself is achieved primarily through special-
ized intercellular protein structures called corneodesmosomes [9,10], which ef-
fectively rivet the corneocytes together but which ultimately must be degraded to
facilitate desquamation.

Within this complex structure, water plays a vital function, influencing
elasticity, tensile strength, barrier characteristics, electrical resistance, and of
course the overall appearance of the skin. In the absence of water the SC is an in-
trinsically rigid and brittle structure prone to cracking. Quite simply the SC must
remain hydrated to maintain its integrity, and in healthy skin the tissue contains
greater than 10% water [11]. Ultimately the state of hydration of the SC is gov-
erned by three factors: first, the water that reaches it from the underlying epider-
mis, second, water lost from the surface by evaporation, and, third, the intrinsic
ability of this layer to hold water.

The maintenance of water balance in the SC is preserved through two ma-
jor biophysical mechanisms. The first of these is the intercellular lamellar lipids
that provide a very effective barrier to the passage of water through the tissue
[12,13]. The second mechanism is provided by the natural moisturizing factor
(NMF), a term first coined by Jacobi in 1959 [14] to describe the complex mix-
ture of low molecular weight, water-soluble compounds present within the cor-
neocytes [15]. Collectively, the NMF components have the ability to bind water
against the desiccating action of the environment and thereby maintain tissue hy-
dration. The highly structured intercellular lipid lamellae as well as the restricting
of water movement through the SC also effectively prevent the highly water-sol-
uble NMF from leaching out of the surface layers of the skin.

In this chapter we will concentrate on the second of these two complemen-
tary mechanisms and consider the origin, nature, and role of the NMF. We will
describe in detail our understanding of the complex yet elegant biochemical path-
way leading to its production and consider how this process has shaped our think-
ing of the SC as a dynamic tissue responding to the external environment.

2 NATURAL MOISTURIZING FACTOR

The NMF consists of a mixture of amino acids, organic acids, urea, and inorgan-
ic ions (see Ref. 16). These compounds are collectively present at high concen-
trations within the cell and may represent 10% dry weight of the SC [17]. The
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major constituents apart from amino acids are sodium lactate, urea, and pyrroli-
done carboxylic acid (PCA).

The importance of the NMF lies in the fact that its constituent chemicals, in
particular, sodium lactate and PCA salts, are intensely hygroscopic. Essentially
they absorb atmospheric water and dissolve in their own water of hydration there-
by acting as very efficient humectants. Biologically, this property allows the out-
ermost layers of the SC to maintain liquid water against the desiccating action of
the environment. Traditionally it was felt that this liquid water plasticized the SC,
keeping it resilient by preventing cracking and flaking that might occur due to
mechanical stresses.

In this chapter, with one exception, we will not discuss the properties of 
the individual components of the NMF in any detail. The exception is urocanic
acid. Although historically considered as a component of the NMF, urocanic acid
has unique properties which influence not only the SC but also the body as a
whole.

2.1 Urocanic Acid

Urocanic acid (UCA) is formed by the action of the enzyme histidase [18] on free
histidine present within the SC. As this enzyme is only found in one other organ
in the body, the liver, its presence in the SC is significant. Urocanic acid absorbs
ultraviolet light in the most damaging part of the solar spectrum and upon UV ex-
posure is induced to isomerize from the naturally occurring trans isomer to the cis
isomer. For many years UCA was considered to be an important part of the skin
defense against UV-induced damage [19,20]. However, the in vivo efficacy of
UCA as a natural photoprotective agent is debatable. In a clinical study [21] a 5%
trans-UCA–containing formulation provided a minimal SPF of 1.58 (despite con-
taining 20–200 times the level of UCA naturally present in the SC). The lack of
correlation between naturally occurring levels of UCA in the SC and the UV sen-
sitivity of each subject determined by the minimal erythemal dose further sup-
ports the lack of a truly significant photoprotective effect of UCA [21,22].

cis-UCA has been demonstrated to initiate suppression of selected immune
responses and mimics the effects of UVB irradiation in suppressing delayed hy-
persensitivity responses in herpes simplex virus infection [23]. The precise mech-
anism by which cis-UCA alters the immune system remains to be clarified, but
there is both supporting [24,25] and contradicting [26] evidence that histamine-
like receptors are involved. Recent evidence suggests that UCA isomers may also
serve as natural scavengers of hydroxyl radicals generated through UV exposure
[27]. The levels of cis-UCA present in the SC are, not surprisingly, prone to sea-
sonal variation. Norval and coworkers [28] have found that in Western Europeans
the levels of cis-UCA on exposed body sites peak in July/August at close to
50–60% of total UCA. During the winter months the percentage of cis-UCA fell
below 7% for all body sites.
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3 MECHANISM OF ACTION

The view of NMF as humectants is simplistic; and the precise mechanism by
which these molecules collectively influence SC functionality, the role of other
molecules (lipids) in water retention, and indeed the precise locations of water
within the SC remain points of considerable discussion. Three species of water
are identifiable in the SC: tightly bound primary water of hydration bound to po-
lar sites on SC proteins; less tightly bound secondary water, hydrogen-bonded to
primary water of hydration, which increases in an amount up to around 40% total
water content, and, finally, bulk liquid water which does not appear until about
40% total water is reached. It is the secondary water that is most dependent on the
presence of NMF [29]. Nuclear magnetic resonance (NMR) studies by Vavasour
et al. [30] indicated that there is a single major pool of water which resides with-
in a relatively homogeneous and large compartment of the SC that they conclud-
ed must be within the corneocyte itself, which as we will see later is consistent
with the initial localization of NMF. Based on T2 NMR relaxation times these au-
thors also concluded that the water within the corneocyte interacts strongly with
macromolecules, namely keratins. Imokawa and coworkers has demonstrated
that the depletion of water-extractable materials from acetone/ether-treated SC
causes a marked increase in molecular interaction between the individual fila-
ments of keratin fibers as measured by C13 NMR [31]. This increased interaction
between keratin filaments could be reversed by the application of water-ex-
tractable material back to the SC, specifically the neutral and basic free amino
acids. These observations led Imokawa to conclude that the NMF plays the criti-
cal role in reducing the intermolecular forces between the nonhelical regions of
the keratin filaments through interaction with water molecules, and is therefore
vital in providing keratin fiber assembly with enhanced molecular mobility.

Imokawa also concludes from these and many studies [32] that the structur-
al lipids play a considerable role in the water-holding potential of the SC. Appli-
cation of acetone/ether (1:1) to human skin induces a lasting chapped and scaly
skin, with a significant decrease in water content, despite the fact that such treat-
ment could not induce a substantial release of NMF. The defect in water-holding
properties in such solvent-damaged skin appears directly related to the depletion
of intercellular lipids, especially the ceramides, which comprise up to 50% of the
total SC lipids.

4 THE ORIGIN OF THE SKIN’S NMF

Until the early 1980s the source of the NMF and what controlled the levels to
which these compounds accumulated in the SC were essentially unknown. Dowl-
ing and Naylor [33] disproved suggestions that NMF was formed by the concen-
tration of sweat, and it became generally accepted that the majority of NMF ele-
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ments were formed by the general degradation of nonessential, nonkeratinous
protein during the process of terminal differentiation: “The dustbin hypothesis.”
Studies conducted in our own laboratory indicated strongly that this was not the
case, and that there was a single unique protein responsible for the generation of
free amino acids in the SC. This protein was a high molecular weight, histidine-
rich protein (Mr >350,000), intrinsically very basic and with an unusual amino
acid composition [34]. The extensive phosphorylation of serine residues within
the protein rendered it extremely insoluble, and upon dialysis from urea contain-
ing buffers the purified protein formed dense aggregates essentially indistinguish-
able under microscopic examination from intact keratohyalin granules (KHG). In
light of the earlier pioneering studies of Ugel [35], and the elegant autoradio-
graphic studies conducted by Fukuyama and Epstein, which localized tritiated
histidine-labeled proteins to the granular layer [36], we concluded that this pro-
tein was a major component of the KHG.

The most significant evidence supporting the theory that this protein was
the source of the amino acid–derived components of the NMF was deduced from
the remarkable similarity between the amino acid profile of the protein and that of
the NMF itself (Fig. 1) [37]. This similarity became even more striking with the
discovery that several of the free amino acids produced from the protein degrada-
tion were subsequently and specifically modified by reactions taking place within
the SC to produce functional molecules. Glutamine was converted to PCA itself
[38], and, as already discussed, histidine was converted to urocanic acid [22].
When these and other enzymatic pathways active within the SC were taken into
account the conclusion was that the histidine-rich protein represented the only
source of the free amino acids [37,39].

Further studies indicated that this protein was rapidly dephosphorylated
during the transition of the mature granular cell into the corneocyte and then un-
derwent selective proteolytic processing to form lower molecular weight, and sol-
uble, basic species within the SC [40]. Based upon their ability to aggregate ker-
atin fibers in vitro into macrostructures reminiscent of the keratin pattern seen in
the SC vivo [41], Dale and coworkers named this class of basic proteins filaggrins
[42]. The phosphorylated, high molecular weight precursor protein subsequently
became known as profilaggrin. However, regardless of this putative structural
role, and consistent with the biochemical evidence outlined herein, filaggrin was
shown to be a transient component of the SC. Radiolabel pulse chase [37], im-
munohistochemical, and biochemical studies [43] revealed that filaggrin did not
persist beyond the deepest two to three layers of the SC. Once formed it became
extensively deiminated through the activity of the enzyme peptidylarginine deim-
inase, which served to reduce the affinity of the filaggrin/keratin complex [40,77],
and, second, it was rapidly and completely degraded through small peptides to
free amino acids. This fate of filaggrin within the SC mirrors electrical conduc-
tance measurements undertaken on isolated SC [44] which indicate that water-



66 Harding and Scott

FIGURE 1 Comparison of the amino acid mole percentage composition of
profilaggrin and stratum corneum free amino acids. (A) Actual analysis in-
cluding amino acid derivatives found in the stratum corneum. (B) Compara-
tive profile showing the marked similarity when these compounds are added
to the total for the amino acid from which they are derived through enzymic
and nonenzymic pathways. Cit, citrulline; Orn; Ornithine.

A

B
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FIGURE 2 Correlation between the free amino acid levels (estimated as glu-
tamic acid) and PCA levels in superficial stratum corneum. Eight consecutive
tape strips of stratum corneum were taken from four adjacent sites on the
volar forearm. Following extraction PCA was determined by reverse phase
HPLC and free amino acids concentration determined using a modified col-
orimetric assay.

holding capacity is high in the superficial layers, maximal in the mid-portion
(where filaggrin breakdown is initiated), and very low in the newly formed, im-
mature SC (where filaggrin awaits hydrolysis).

In Caucasian skin the ratio of free amino acids to PCA in the SC varies
from 7- to 12-fold (w/w). A remarkable correlation is evident between free amino
acid levels and PCA content in the upper layers of the SC, which serves to em-
phasize that filaggrin hydrolysis is complete well before the corneocytes reach the
surface (Fig. 2). This correlation also provides circumstantial evidence to support
the studies that indicate that the majority of the PCA is formed spontaneously by
nonenzymatic cyclization of glutamine [38].

This tortuous pathway of filaggrin synthesis, phosphorylation, subsequent
dephosphorylation, selected proteolysis, followed inevitably by complete hydrol-
ysis has both confused and intrigued scientists over the past 20 years, and while
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many questions remain unresolved, researchers have begun to unravel some of
the mysteries associated with this unique protein.

In the following sections we will seek to explain how some of the apparent
complexity of profilaggrin/filaggrin processing merely reflects nature’s logical
route to generate NMF effectively within the SC. We will also consider evidence
that suggests further functions for this enigmatic class of proteins in terminal dif-
ferentiation await clarification.

5 PROFILAGGRIN: SYNTHESIS, STRUCTURE, 
AND PROCESSING

Profilaggrin is first expressed in the granular layer and many studies have now
confirmed the localization of profilaggrin to the KHG, and specifically to the so-
called F-granules [45]. The profilaggrin molecule itself consists of multiple re-
peats of filaggrin joined by short hydrophobic linker peptides and flanked by 
N- and C-terminal domains. Ten to twelve filaggrin repeats are observed in the
human protein and the repeat number is inherited in classical Mendelian fashion
[46]. The filaggrin repeats show marked heterogeneity occurring in nearly 40% of
the amino acid residues, whereas the linker peptides sequences are highly con-
served. The N-terminal domain is subdivided into an A domain, which contains
S100-like Ca2+ binding domains, and a B domain of unknown function [47]. Ex-
pression of filaggrin constructs in cell systems has indicated that both the filag-
grin unit and the linker peptide are required for granule formation [48]. The dis-
appearance of KHG (and hence the processing of profilaggrin), concomitant with
the conversion of the granular cell into a corneocyte, argues strongly that this
molecule plays an important role in the terminal differentiation process. Calcium
binding in the N-terminal region of profilaggrin is likely to be pivotal in this
process, just as it is to the terminal differentiation process itself. Although the na-
ture of the critical initiating step in profilaggrin processing remains conjectural,
several of the enzymatic processes occurring are now understood. Both the amino
terminus and the C terminus beyond the last filaggrin repeat are cleaved [49,50].
The unique amino terminus with the distinct Ca2+ binding domains undergoes
specific proteolysis [51], as do the linker regions. Extensive dephosphorylation
by one or more phosphatases including PP2A [52], or possibly an acid phospho-
protein phosphatase [53], also occurs. Somewhat surprisingly the in vitro studies
conducted do not support a critical role for dephosphorylation in changing the
solubility of the protein, although the behavior of the macroprotein is likely to be
significantly different from the low molecular weight filaggrin constructs pre-
pared to study protein processing. The presence of glycosaminoglycan-like mate-
rial associated with the keratohyalin granule and first alluded to by Fukuyama
[54] may yet prove to play a critical role in influencing profilaggrin/filaggrin in-
solubility.
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Collectively these studies indicate that profilaggrin processing is extremely
complex. This complexity may represent the mechanism by which the cell main-
tains control of this critical process and thereby prevents premature collapsing of
the cytoskeleton by inappropriate and untimely release of active filaggrin, which
would have drastic consequences for the keratinocyte [55].

6 KERATIN/FILAGGRIN INTERACTION AND
FILAGGRIN PROTEOLYSIS

Although the association of filaggrin with keratin intermediate filaments to form
macrofibrils is a proven property in vitro [40,42], the in vivo relevance of this
function remains controversial. Named for this property before the realization of
its other perhaps more significant role, there is convincing and often overlooked
evidence that casts doubt upon the need for a specific keratin aggregating protein
for the SC. Significantly, close-packed keratin structures can be produced in vitro
simply by adding inorganic salts to purified keratin preparations [56]. The species
specificity of most antifilaggrin antibodies, the marked heterogeneity in the size
of the mature filaggrin protein, and the diversification of amino acid sequence in-
dicate that size and sequence of the protein are not critical for keratin aggregating
ability. Indeed recent studies [48] indicate that filaggrin sequences as short as 16
residues (against a mature filaggrin repeat size of 324 residues) can effectively
bind intermediate filaments.

Significantly, the ability of other, unrelated but importantly intrinsically ba-
sic proteins such as histones to effectively aggregate keratin (I. R. Scott, unpub-
lished observations) indicates that this particular property is more dependent on
overall charge distribution than on a precise sequence. Detailed studies led Mack
[57] and coworkers to propose the “ionic zipper model” to explain filaggrin’s ag-
gregating potential. This model stipulates that filaggrin binds to filaments through
simple ionic or H-bonding interactions between positionally conserved positive
and negative charges (evident in the secondary structure of the B-turns of filag-
grin) and the conserved distribution of positive and negative regions on the rod
domains in keratin filaments.

The importance of filaggrin ionic charge for effective keratin interaction in
vivo is emphasized by the loss of keratin binding affinity of filaggrin as the posi-
tively charged arginine residues within the protein are progressively converted to
neutral citrulline residues by the action of peptidylarginine deiminase [40]. This
deimination is not restricted to filaggrin, and keratin is also deiminated during SC
maturation [77]. Further studies suggest that the ureido group on the citrulline
functions to unfold proteins through a combination of a decrease in net charge,
loss of potential ionic bonds, and interference with H-bonds [58]. As we shall dis-
cuss later dissociation of the filaggrin/keratin complex is a prerequisite for effec-
tive filaggrin proteolysis.

On close consideration of species differences the more highly conserved
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nature of the linker regions and phosphorylation sites inevitably leads one to the
tentative conclusion that the constraints in the evolution of profilaggrin/filaggrin
are more strongly linked to the processing events than to protein function itself.
The in vivo evidence arguing against a critical keratin-aggregating role for filag-
grin is even more compelling. In certain pathological conditions [59,60,61] the
poor expression of filaggrin has no apparent effect on the keratin pattern observed
in the affected SC. The same is true for the hard palate lining the oral cavity. This
tissue is highly keratinized with a well-ordered keratin pattern [62], but no im-
munologically detectable filaggrin in the SC (Fig. 3a) [63].

7 FILAGGRIN IN ORAL EPITHELIA

The varied epithelia lining the oral cavity provide a unique opportunity to study
further the fate and functions of filaggrin. In the hard palate, profilaggrin is readi-
ly detectable, but the apparent complete absence of processing to filaggrin infers
an intrinsic, unknown function for profilaggrin itself. Likewise, if one accepts 
that the primary role of filaggrin is as a source of NMF, then whilst the presence 
of these molecules are undoubtedly critical for the exposed skin surface, one
would argue that NMF (and hence filaggrin) should be absent, or reduced, in the
wet-surfaced keratinized epithelia of the oral cavity, since these tissues have no
requirement for hygroscopic material. Some keratinized tissues do lack filaggrin,
but in others it is clearly present, for example, in the junctional region between 
the hard and soft palate (Fig. 3c). Logically, therefore, one must seek further
functions for this complex family of proteins or their breakdown products. The
possibility that filaggrin breakdown products play a role in controlling ker-
atinocyte differentiation (i.e., proteolyzed elements act as chalones), although at-
tractive, has not been substantiated [64], and no known filaggrin sequence match-
es that of the putative pentapeptide reported by Elgjo et al. to inhibit epidermal
proliferation [65]. A third function for filaggrin—as a component of the cornified
cell envelope—has been proposed [6,66], and human cornified cell envelopes con-
tain around 10% filaggrin. If this cross-linked filaggrin retains an ability to interact
with keratin, it may function to promote subsequent cross-linking of elements of
the internal keratin macrofibrillar network into the cornified cell envelope.

However, it is an understanding of the subtleties of profilaggrin functional-
ity itself that may prove pivotal in describing the control of, and sequence of
events leading to, terminal differentiation. Recent evidence points to a role of the
cleaved N-terminal peptide of profilaggrin having a potential role in inducing an
apoptotic process in transitional cells just below the SC [67], and similarly filag-
grin itself is also hypothesized to aid in the terminal differentiation process by po-
tentiating apoptotic machinery [68].

Against a background of continued debate over whether filaggrin is a true
structural protein, one fact is irrefutable, filaggrin is only present within the in-
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FIGURE 3 Distribution of filaggrin in rat oral epithelium. Section of (a) hard
palate, (c) junctional epithelium, and (e) soft palate, stained with an antibody
against filaggrin. Plates b, d, and f show comparable hematoxylin and eosin
staining for the same sections. Filaggrin staining is noticeably present in the
stratum corneum of junctional epithelium (c) between regions of hard (HP)
and soft palate (SP), variably present in the soft palate (e), but completely ab-
sent from the hard palate (a), despite the presence of immunoreactive pro-
tein (profilaggrin) in the underlying granular layer.
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nermost layers of the SC, and hence any structural role within the SC is transient.
Nevertheless, within the newly formed layers of the SC, filaggrin may serve a
specific short-lived function as a “scaffold” protein helping in the overall stabi-
lization of the keratins macrofibrils. This proposal is based on the observation that
when this protein is added in small amounts to keratin microfilaments, it cat-
alyzes interchain disulfide bonds in keratin leading to macrofibril formation and
subsequent insolubility [69].

8 ACTIVATION OF FILAGGRIN PROTEOLYSIS

As emphasized by immunolocalization studies, the degradation of filaggrin with-
in the SC is abrupt and dramatic. Many proteases with the potential to degrade fi-
laggrin in vitro have been characterized in the SC [70,71], but unequivocal
demonstration that these proteases serve a comparable role in vivo remains
elusive.

In contrast, the “trigger” which initiates filaggrin proteolysis at a precise
stage of SC maturation was first identified in our laboratory in 1986 [43] follow-
ing careful observation on patterns of filaggrin distribution in the SC after UV ir-
radiation. In these studies it was observed that the effective filaggrin half-life
within the SC was reduced dramatically to maintain the same overall distribution
within the deepest layers, despite the greatly accelerated rate of cell turnover dur-
ing the hyperplastic response to the UV stimulus. This indicated that filaggrin hy-
drolysis was not dictated by the age of a particular corneocyte, but was instead
dependent upon the cell reaching a critical point during its transit through the SC
to the skin surface.

From further studies in developing tissue we concluded that the signal initi-
ating filaggrin breakdown was, in fact, the gradient of water activity existing
across the SC [72].

In developing tissue (and as we have seen in certain oral epithelia) there is
no indication of any proteolytic breakdown of filaggrin in the outer regions of the
SC. However, within a few hours of birth, the breakdown of filaggrin is initiated
in these regions. This triggering could be prevented in a very humid environment.
Subsequent studies on filaggrin breakdown in isolated SC revealed that hydroly-
sis only occurred if the SC was maintained within a certain range of humidity
(70–95%). These studies indicated that it is the very process of SC dehydration
that initiates filaggrin hydrolysis.

Similarly, if the skin is occluded for a long period [73], filaggrin hydrolysis
is blocked, the corneocytes remain filled with the protein, and the filaggrin-de-
rived NMF components of the SC fall close to zero (Fig. 4). Under these condi-
tions of occlusion, although filaggrin is not degraded, the process of deimination
continues unabated and, in the absence of proteolysis, eventually produces a form
of filaggrin that is incapable of interacting with keratin. These and more recent
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FIGURE 4 Influence of occlusion on the distribution of filaggrin, PCA, and
urocanic acid (UCA) in superficial human stratum corneum. Skin surface was
occluded for 10 days with a vapor-impermeable membrane. An adjacent un-
occluded site served as a control. After 10 days occlusive patch was removed
and both sites were repeatedly tape-stripped. (A) Filaggrin immunoreactive
material in consecutive tape strips (1, skin surface). (B and C) Depth distribu-
tion profiles for PCA and UCA, respectively. Closed circles, occluded site;
open circles, nonoccluded (control) site.

B

A
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FIGURE 4 Continued

C

studies [74] suggest strongly that peptidylarginine deiminase activity is not the fi-
laggrin-processing step regulated by changes in water activity within the SC.
Traces of this deiminated form of filaggrin are also observed in the superficial
layers of normal, nonoccluded skin, suggesting that deimination, in modifying
the protease-labile arginine residues within filaggrin, eventually renders the pro-
tein resistant to the proteases otherwise responsible for its degradation.

9 THE COMPLEX NATURE OF NMF GENERATION

At first sight the process by which the skin generates the NMF within the SC
seems unnecessarily complicated. However, the rationale of nature’s complexity
becomes apparent once it is appreciated that the epidermis cannot afford to gen-
erate NMF either within the viable layers or within the newly formed immature
corneocyte itself, due to the risk of osmotic damage. It is essential that the activa-
tion of the filaggrin protease systems is controlled and delayed until the corneo-
cytes containing it have flattened and the cornified cell envelopes have strength-
ened [75] and moved far enough out into the dryer areas of the SC. Only then is
the structure likely to be able to withstand the osmotic effects generated by the
sudden release of a concentrated NMF pool. The underlying epidermis prevents
the potentially disastrous effects of osmotic pressure and the risk of cytoskeletal
collapse through two strategies. First, profilaggrin once synthesized is precipitat-
ed within the keratohyalin granule where it acts as an insoluble, inert filaggrin
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precursor (profilaggrin cannot aggregate keratin). Most importantly, within the
keratohyalin granule, profilaggrin exists as an osmotically inactive repository of
the NMF. Second, the interaction between keratin and filaggrin forms a proteolyt-
ically resistant complex [69] that prevents premature proteolysis of the filaggrin
(an intrinsically labile protein containing 10–15 mol% arginine residues) during
the intensely hydrolytic processes that accompany SC formation. The value of
this property of the filaggrin/keratin complex should not be underestimated. It is
essential that filaggrin is exquisitely sensitive to proteolysis so that it can be com-
pletely and rapidly degraded to NMF when required, but first it must survive the
massive and general cellular proteolysis that accompanies SC formation. This
represents an enormous challenge for such a labile protein. Forming a complex
with keratin provides the mechanism by which filaggrin can escape untimely hy-
drolysis. Indeed this may be the raison d’être of the affinity of filaggrin for ker-
atin. As we have indicated, keratin does not need filaggrin to aggregate properly,
but filaggrin may need keratin to elude the massive hydrolytic processes associat-
ed with SC formation. The importance of peptidylarginine deiminase is now evi-
dent. Deimination of filaggrin is essential to enable its subsequent dissociation,
and ultimate hydrolysis.

In summary, these mechanisms are part of a subtle process which ensures
that it is only as filaggrin-containing corneocytes migrate upward from the deep-
est layers and begin to dry out that proteases, by a poorly understood mechanism
(but one intimately related to decreased water activity), are activated and the
NMF is produced. The point at which this hydrolysis is initiated is independent of
the age of the corneocyte [72] and is dictated ultimately by the environmental hu-
midity. When the weather is humid, the proteolysis occurs almost at the outer sur-
face; in conditions of extreme low humidity, the proteolysis is initiated deep with-
in the tissue so that all but the deepest layers contain the NMF required to prevent
desiccation. The SC has thus developed an elegant self-adjusting moisturization
mechanism to respond to the different climatic conditions to which it is exposed.

The various processes leading from profilaggrin synthesis to conversion to
filaggrin and then to NMF are under tight control. However, as we shall consider
in Chapter 6 of this volume, these mechanisms are readily perturbed in different
ways by a range of external factors including UV light, exposure to surfactants,
and of course changes in the environmental humidity. These very different factors
can, in isolation or in concert, contribute to the complex phenomenon recognized
as dry skin.

10 CONCLUSIONS

Natural moisturizing factor is essential for the correct functioning of the SC.
Working together with the interlamellar lipids it assists in the retention of water
within the corneocytes vital for the barrier and mechanical properties of the SC.
Our understanding of the terminal differentiation and SC maturation processes
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has increased enormously over the last two decades, and it has now become clear
that by maintaining hydration of the SC, the NMF also facilitates key biochemi-
cal events. The coordinated activity of specific proteases is essential for optimum
SC function, and these hydrolytic processes can only function in the presence of
water, which is effectively maintained by NMF. Perhaps the most striking exam-
ple of this is the regulation of the proteases (“filaggrinases”) within the corneo-
cyte which are responsible ultimately for the generation of the NMF itself. In-
sights into the process of NMF generation dismiss the notion that the SC is
simply a passive barrier and emphasize the dynamic, responsive nature of this
unique tissue.
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Desquamation and the Role of Stratum
Corneum Enzymes
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In the surface area of the skin, layers of corneocytes are tightly and stably bound
to each other to form the stratum corneum (SC), the thin but tough barrier at the
outermost area of the skin directly facing the external world. Each corneocyte
originates from a keratinocyte which is actively proliferating in the epidermis un-
der the SC, i.e., new layers of the corneocyte are supplied continuously from be-
low the SC (Fig. 1). Concurrently, corneocytes serially detach and smoothly drop
off from the skin surface for replacement to maintain the integrity and thickness
of the SC, keeping it healthy. This shedding process of the corneocyte from the
SC, desquamation, has strongly attracted the interest of many skin researchers be-
cause this is the process which regulates the condition of the skin.

The data obtained from the earlier “SC disaggregation tests,” in which an
SC sheet was incubated in a buffer solution and dissociation of corneocytes was
measured, suggested that desquamation is controlled by an enzyme (or a set of
enzymes) since heat treatment of the SC sheet irreversibly blocked the disaggre-
gation [1]. The adhesive substance(s) connecting corneocytes in the SC has re-
mained unidentified for a long time since the corneocytes are embedded in a
lipid-enriched intercellular matrix. Bissett et al. proposed a charming hypothesis
in 1987 that calcium ion–dependent proteinous linker molecules on the surface of
corneocytes should connect the cells in the SC, as they observed promoted disso-
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FIGURE 1 Ultrastructure of SC of mouse skin. Keratinocytes, which are ac-
tively dividing in the basal layer, differentiate into extremely flattened cor-
neocytes to form the stratum corneum (SC) over stratum granulosum (SG).
Between lower layers of corneocytes, desmosomes (arrows) are visible.
(From Ref. 36.)

ciation of corneocytes by supplementation of proteases such as subtilisin and
trypsin, divalent metal ion chelators like EDTA, and a surfactant 6-octadecyl-
dimethyl ammoniohexanoate to the incubation buffer [2]. In the following year,
Lundström and Egelrud suggested that desmosomes are involved in the cohesion
of corneocytes because the plantar SC has desmoglein I, a transmembrane protein
characteristic of desmosomes [3–5]. Later, Haftek et al. discovered another SC
desmosomal protein, corneodesmosin, which is synthesized at the late stage of
the epidermal differentiation in the stratum granulosum and is transported via
keratinosomes to the cell periphery [6–8]. Both corneodesmosin and desmoglein
I persist before desquamation in the SC, but disappear together after desquama-
tion [6,7]. These findings and the fact that several protease inhibitors block both
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desquamation in vivo and the disaggregation of the SC in vitro suggest that
breakdown of desmosomal proteins by proteolytic digestion catalyzed by the pro-
tease is the principal event of desquamation.

So far, several different protease activities have been detected in the SC
[1,9–11]. Some of them have been purified and further characterized [12,13]. The
results of these analyses suggested that it is not one particular enzyme but a com-
bination of enzymes that is required for the shedding process of corneocytes. In
addition, some factors of the SC such as the water content, cholesterol sulfate,
calcium ion, and pH may also play substantial roles in desquamation, although
how these factors regulate desquamation still remains mostly unknown. Inhibi-
tion of SC protease activities by endogenous inhibitors or oxidation of substrate
molecules potentially connecting corneocytes may regulate the cell shedding in
the SC as well. In this chapter, I review the SC proteases implied to be involved
in desquamation mainly from the biochemical and molecular view points, as well
as other SC factors which may be critical for regulation of desquamation.

1 PROTEASES

The inhibition profile obtained from SC disaggregation tests suggested that pro-
teolytic digestion of adhesive molecules on the corneocytes leading to desquama-
tion is mainly catalyzed by serine proteases because aprotinin, a specific inhibitor
of serine proteases, inhibited disaggregation severely, but those protease in-
hibitors that block other types of proteases exhibited no effect [14]. Topical appli-
cation of serine protease inhibitors induced scales on the skin [15] indicating that
function of this type of protease is indeed required in vivo. Two different serine
proteases, the chymotrypsin-like protease and the trypsin-like protease, have been
isolated from the SC and characterized already. Recently, two other types of pro-
teases, a cathepsin D type aspartic protease and a cysteine protease, were found in
the SC and these proteases seem to be secondary proteases for desquamation and
may be involved in the fine adjustment of the shedding process.

1.1 Chymotrypsin-Like Serine Protease

The first SC protease whose activity was detected by the disaggregation test was
the chymotrypsin-like serine protease in the plantar SC [5,17]. Later this enzyme
was shown immunohistochemically to be distributed in all types of SC on the
whole body [18]. The active form of this enzyme, with an apparent molecular
weight of 25 kD but molecular weight of 28 kD after reduction and full denatura-
tion, was purified from the plantar SC [12]. Hansson et al. cloned of the cDNA of
this enzyme [19]. There are two mRNA species of this enzyme, one is 1.2 and the
other 2.0 kilo bases in size. Both of them are highly expressed only in skin; how-
ever, very low expression was detected in the brain and kidney, or undetectable in
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other tissues. A full-length cDNA of 968 nucleotides was cloned from the kera-
tinocyte cDNA library by immunoscreening with the rabbit antisera raised against
the purified enzyme, and it was confirmed that this enzyme has most of the high-
ly conserved residues among various serine proteases, such as the active triad his-
tidine–aspartate–serine residues. On the other hand, the overall identity in the
amino acid sequence to other chymotryptic proteases (pancreatic chymotrypsin,
cathepsin G, mast cell chymase) was less than 40%. Moreover, one position in the
primary specificity pocket [20] is occupied by a bulky asparagine residue where a
rather smaller serine or alanine residue is normally found in other chymotryptic
enzymes. These structural differences from other chymotryptic enzymes may
cause the peculiar substrate specificity and inhibitor profile exclusively exhibited
by this enzyme [12].

The SC chymotrypsin-like protease is primarily synthesized as an inactive
precursor protein of 253 amino acid residues. From the N terminus of the precur-
sor, a signal peptide of 22 amino acid residues is cleaved off, and the resulting in-
termediate protein, still inactive because of the seven–amino acid propeptide at
the N terminus, is stored in lamellar bodies harbored in the keratinocyte [18].
When a keratinocyte differentiates into a corneocyte, an intermediate is released
into the extracellular spaces, and there the intermediate is processed by a tryptic
enzyme to be the fully active protease.

The chymotrypsin-like protease may be the principal protease which di-
gests the adhesive molecules connecting corneocytes. Nevertheless, the fact that
the SC of an aged individual is thicker than that of a youth despite the absence of
large differences in the activity of the chymotrypsin-like protease between the
two SC [21] suggests that some factor(s) other than this enzyme itself is essential
for regulation of desquamation.

1.2 Trypsin-Like Protease

The SC in the human skin contains another serine protease activity other than the
chymotrypsin-like protease [1,5,12,14]. In a zymography experiment, the two
bands of about 30 kD that developed on the SDS-polyacrylamide gel containing
1% casein disappeared when tryptic proteolysis was specifically inhibited by leu-
peptin, while two other bands of about 25 kD, which were attributed to the chy-
motrypsin-like protease, were not affected by the inhibitor (Fig. 2). This suggests
that the human SC contains a trypsin-like enzyme [1]. Brattsand and Egelrud pu-
rified the enzyme and determined its primary structure by cDNA cloning [13].
The amino acid sequence of this enzyme is similar to those of the other serine
proteases which have trypsin-like substrate specificity: the porcine enamel matrix
protease exhibited the highest score (55% similarity) in the homology search in
the available amino acid sequences in the database, followed by the human and
mouse neuropsin. However, expression of the mRNA of this enzyme is high in
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FIGURE 2 Stratum corneum contains proteolytic activity which is inhibited
by leupeptin. Extract of SC was applied to SDS-polyacrylamide gel contain-
ing 1% casein with (B) or without (A) leupeptin. After electrophoresis, the
gels were incubated in buffer with (B) or without (A) leupeptin. The bands
around 30 kD which are visible in (B) are absent in (A). (From Ref. 1.)

the epidermis but low or undetectable in other tissues, suggesting that this en-
zyme is localized specifically in the skin. The SC trypsin-like protease, which
consists of 227 amino acid residues, is synthesized initially as a preproprotein of
293 amino acid residues, and serially processed to be an active enzyme like the
SC chymotryptic enzyme, but in contrast to the case of the other, the final step of
maturation of the trypsin-like enzyme may be independent of other proteolytic
activity, i.e., autocatalytic. Ekholm et al. studied maturation and localization of
this enzyme in the SC immunochemically with the polyclonal antibodies raised
against the overexpressed proteins in E. coli and compared the localization of this
enzyme and the chymotrypsin-like enzyme [22]. They showed that the SC con-
tains both the inactive proprotein, which still has the 37 amino acid long propep-
tide at the N terminus, and the active form of this enzyme. The apparant molecu-
lar mass of these two isoforms is about 37 and 33 kD, respectively, on the
SDS-PAGE under the reduced condition. Interestingly, localization of this en-
zyme is almost completely the same in the skin as that of the chymotripsin-like
SC protease, from the top region of the stratum granulosum to the surface of the
skin. As both of these two serine proteases—the SC chymotrypsin-like and
trypsin-like enzymes—are capable of exhibiting activity alone even at pH 5.5, the
physiological pH of the surface of the skin, co-localization of these two SC serine
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proteases suggests that the chymotrypsin-like enzyme can be activated through-
out the depth of the SC.

1.3 Other Proteases Found in SC

As ordinary serine proteases prefer a neutral to alkaline condition, they are un-
likely to be fully active in an acidic environment like the skin surface, even if they
can exhibit limited activities. Indeed, the fact that PMSF, a specific inhibitor
against the serine protease, inhibits the SC disaggregation at pH 5.0 no more than
30% suggested that there should be other types of proteases which can promote
dissociation of the SC at such a low pH [11]. Horikoshi et al. searched for a pro-
tease which can function at an acidic pH and discovered a new SC protease other
than the serine protease, the cathepsin D type aspartic protease [23]. This enzyme
is active between pH 2 to 6 with the optimum pH for activity being 3. Immuno-
chemical data suggested that this enzyme is primarily synthesized in the kera-
tinocyte as the inactive precursor of 52 kD and processed to the 48-kD intermedi-
ate probably in the lysozomes, and is finally activated to the functional 33-kD
form at the boundary between the stratum granulosum and SC. As an in vitro ex-
periment using liver cathepsin D as the substitute for the SC enzyme sufficiently
suggested that this type of protease can have a function in desquamation [11], fur-
ther characterization of the SC enzyme itself is awaited in order to clarify whether
this enzyme is indeed involved in desquamation.

It has been reported that the epidermis contains cystein protease activity
[10,24,25]. Watkinson reported that the cystein protease, which can be detected in
all types of SC except for the palmoplantar SC, is active between pH 3 and 7, ex-
hibits its highest activity at pH 6, and a partially purified extract exhibiting the
cystein protease activity can degrade desmocollin in vitro [10]. However, the fact
that E-64, the cysteine protease inhibitor, has no inhibitory effect in the SC disag-
gregation test [11,14,16] suggests that involvement of this enzyme in desquama-
tion is probably negligible compared to that of other proteases.

2 OTHER SC FACTORS REGULATING DESQUAMATION

2.1 Cholesterol Sulfate

The content of cholesterol sulfate in the epidermis increases gradually along with
the differentiation of the keratinocyte and reaches its maximum (about 5% of the
total lipid) in the stratum granulosum, then drops at the boundary between the
stratum granulosum and SC [26]. Within the normal SC, a difference in the con-
tent of cholesterol sulfate is also observed: it is higher in deeper layers of the SC
and lower close to the surface of the skin where few desmosomes are observed
[27]. On the other hand, the abnormally thickened SC of the patient suffering
from recessive X-linked ichthyosis (RXLI), a disease which is caused by a defi-
ciency of steroid sulfatase, accumulates fivefold more cholesterol sulfate than the
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normal SC, and the desmosome which is normally absent from the outer SC is ob-
served even in the outermost layers of the SC [28]. As the transit time of nucleat-
ed cell layers of epidermis is normal, this symptom—retention hyperkeratosis—
found in the SC of the RXLI patient is thought to be caused by delay of turnover
of the SC [26]. These facts suggested that cholesterol sulfate in the SC is involved
in the regulation of desquamation [29].

Topical application of cholesterol sulfate to the normal skin induced abnor-
mal scaliness and an increase in thickness of the SC [30,31] and prolonged per-
sistence of desmoglein I [15] without affecting the labeling index. However,
phosphatidylcholine did not exhibit these effects [15]. In addition, cholesterol
sulfate inhibited dissociation of the cells in the SC disaggregation test, but other
amphopathic lipids—phosphatidylcholine, palmitic acid, and taurocholic acid—
exhibited no inhibitory effect [15]. These results suggest that cholesterol sulfate
can directly regulate the cell shedding in the SC and it is not simply because this
substance has a detergent effect. Indeed cholesterol sulfate can inhibit activities
of the serine protease: porcine pancreatic chymotrypsin and bovine pancreatic
trypsin are inhibited competitively by cholesterol sulfate with Ki values of 2.1
micromolar and 5.5 micromolar, respectively, but cholesterol, phosphatidyl-
choline, palmitic acid, and taurocholic acid did not show any inhibitory activity in
the same enzyme assay [15]. In addition, the physicochemical properties of cho-
lesterol sulfate may also lead to inhibition of desquamation in vivo. The study of
behavior of lamellar phase suggested that cholesterol sulfate is one of the key fac-
tors which stabilize dissolution of cholesterol in the lamellar phases, i.e., choles-
terol sulfate should stabilize the whole SC lamellar phase [32]. Therefore choles-
terol sulfate in the SC may regulate the action of the SC protease in two ways:
inhibiting its activity directly and obstructing the accessibility of the enzymes to
the substrate with the stabilized lamellar phases of the intercellular lipids.

2.2 Water Content

Rawlings et al. showed that desmosomal degradation is inhibited under a dry con-
dition as compared to a moist condition [33]. As environmental humidity influ-
ences the water content of SC [34,35], the water content of the SC has been sug-
gested to be one of the important factors regulating desquamation.

Does the humidity of the environment alone alter the water content of SC
and affect desquamation in vivo? To answer this question, we examined the
change of the skin condition of mice kept under controlled humidity conditions
[36]. The water content of the SC of mice kept under a dry condition (relative hu-
midity of 10%) showed a decrease on and after day 1. Scales were induced on the
skin surface and the thickness of SC increased without inducing epidermal hyper-
plasia on day 3. The tryptic activity assayed in vitro was the same in the dry SC
and the control, suggesting that the dry SC contains the same amount of the
trypsin-like protease as the control at that time point, but more undegraded
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desmosomal protein was observed in the dry SC. This suggests that scarcity of
water in the SC may suppress desquamation through inhibition of the activity of
SC protease. On the other hand, the number of scales on the surface of the skin 
of mice reared under the moist condition (relative humidity above 80%) de-
creased promptly and the water content of SC increased on and after day 1. How-
ever, the thickness of the SC was unchanged and the amount of intact desmoglein
I was constant as well. These results suggested that desquamation was locally ac-
celerated under this condition exclusively at the surface of the SC by excess wa-
ter in the SC and, as a result, visible scales disappeared quickly, but promotion of
desquamation was not observed as a whole.

Our experimental data imply the substantial involvement of the water in the
SC in desquamation as a physiological regulatory factor, especially at the surface
of the SC. However, change in the water content does not always affect the con-
dition of the skin critically, as the thickness of the SC was stable in the SC of the
moist skin. It can be explained by the following hypothesis: as illustrated in Fig-
ure 3, the efficiency of desquamation may depend on the relative humidity in the
atmosphere and reaches a plateau at a critical point (a in Fig. 3). Therefore, as
long as the relative humidity is higher than the critical point, no change in either
desquamation or thickness of CS is observed, but when the relative humidity

FIGURE 3 Hypothesis on the dependence of desquamation on relative hu-
midity. The efficiency of desquamation may depend on the relative humidity
in the atmosphere (black line) and reach a plateau at a critical point (a). The
skin with reduced water-holding capacity (gray line) has a critical point at a
higher humidity (b), resulting in its higher sensitivity to the dry condition
than normal.
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drops to below the critical point, inhibition of desquamation would be observed.
The skin of an aged individual may have lower capacity to hold water in it, and
possibly has a critical point at a higher relative humidity (b in Fig. 3) than that of
a youth. So it is more sensitive to the dry condition and shows more severe scali-
ness in the dry season [37].

2.3 Other Factors

Öhman and Vahlquist observed an abnormal pH gradient in the SC in two differ-
ent types of hyperkeratosis diseases, autosomal dominant ichthyosis (IV) and re-
cessive X-linked ichthyosis [38]. These abnormalities of the skin pH may affect
the desquamation and result in the abnormally thickened SC observed in these
diseases. On the contrary, the altered pH gradient may be caused by the abnor-
mality of the SC in these skin diseases. To clarify whether the pH in the SC is ac-
tually the cause and desquamation is the result, an experiment in which the pH in
the skin surface is controlled for at least a few days in required, though such an
experiment is technically difficult.

Oxidation of proteins is known to be correlated to aging, oxidative stress,
and a number of diseases [39], and in general, proteases degrade oxidized pro-
teins more rapidly than unoxidized forms [40,41]. In the healthy SC, the amount
of the oxidized form of keratin 10 is high in the outer layers but low in the lower
layers, suggesting that there is a gradient in the general protein oxidation through
the SC which may concern the regulation of desquamation [42]. At the same time,
oxidation of SC proteases may occur in the SC and decelerate desquamation.

From the view of regulation of desquamation, existence of physiological
protease inhibitors is not surprising. Two different serine protease inhibitors, an-
tileukopeptidase [43] and elafin [44], have been found in the psoriatic epidermis.
As Franzke et al. showed that both of these inhibitors efficiently inhibit the SC
chymotrypsin-like protease and block the cell shedding in the cell disaggregation
test [16], these endogenous protease inhibitors may be involved in the regulation
of desquamation even in the healthy skin, though the antileukopeptidase has not
been detected in the normal skin yet [43].

Alpha-hydroxy acids such as glycolic acid promote desmosomal degrada-
tion [45]. Dicarboxylic acids with a small number of carbon atoms between the
two carboxyl groups such as oxalic acid and malonic acid exhibit the same effect,
while those with a large number of spacing carbon atoms, e.g., pimelic acid and
suberic acid, do not [21]. Wang hypothesized that α-hydroxy acids may chelate
calcium ions by their hydroxyl and carboxyl group and reduce intercellular con-
centration of the calcium ion [46]. Desmosomes may be stabilized by the calcium
ion [47]. α-Hydroxy acids do not damage the barrier structures of the SC itself
[45], and cosmetic and dermatological formulas containing these substances im-
prove hyperkeratotic skin conditions [48,49]. These facts support that calcium ion
affects desquamation by regulating desmosomal degradation.
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FIGURE 4 Scheme of desquamation and regulatory factors in the stratum
corneum.

3 PROSPECTS

Despite the rapid advance in the past 20 years (summarized in Fig. 4), there re-
mains many mysteries in the process and regulation of desquamation. Several
regulatory factors have been proposed; some of them may actually regulate
desquamation, but others may be the products which merely reflect the change
occurring in the SC. Further studies will enable their discrimination.

As the SC exhibits many critical functions of the skin, such as barrier func-
tion, it must be able to respond to the environmental changes dynamically and
steadily. Scaliness and thickening of the SC began within 3 days after shift to a
low environmental humidity [36]. Following these alterations of the condition of
the SC, hyperproliferation in the nucleated cell layer under the SC began in the
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second week accompanied with changes in barrier homeostasis and number of
keratohyalin granules [50], although these changes were still not obvious at this
stage [36]. An environmental signal which triggers these secondary changes in-
volving the whole epidermis may be transferred to the nucleated cell layer possi-
bly via the SC water flux, which becomes obvious within 12 h after the event
[51]. Therefore, the SC can counteract the environmental change both in short
and long time ranges with its autonomous function (desquamation) and those sec-
ondary alterations which require the aid of the downward epidermis.

Some moisturizers work quite well, but their action mechanisms in the skin
are not so simple and are largely unknown. As the skin has the ability to adapt to
the environment, it is desirable to encourage the ability to improve the condition
of the damaged skin. Elucidation of the whole mechanism of desquamation will
lead to new insight into skin care methodology, new substances, and new applica-
tion techniques.
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1 INTRODUCTION

The stratum corneum is the outermost layer of the skin and is the principal barri-
er tissue preventing water loss from the body and providing mechanical protec-
tion. It is produced as the end product of epidermal terminal differentiation, a
process which involves several coordinated biochemical processes. The final re-
sult is a tissue that prevents water loss by the formation of a continuous matrix of
highly organized lipid lamellae, into which is embedded an extensive network of
“dead” cells called corneocytes [1,2].

Corneocyte morphology is crucial to the role of the stratum corneum as a
mechanically resistant barrier tissue. The cells themselves are platelike with di-
mensions of approximately 50 µm across and 1 µm thin, stacked in layers, the
number of which varying throughout the body [3–5]. As a remnant of the differ-
entiating keratinocytes, corneocytes retain structural characteristics of the parent
cell; they are packed with keratin intermediate filaments that provide the structur-
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al integrity and also an elasticity to resist stretching and compressional forces.
Furthermore, as with the keratinocytes, they are linked together by rivetlike
desmosomes to provide stratum corneum cohesion and integrity, although in the
stratum corneum the desmosomes are modified structures and termed cor-
neodesmosomes [6,7]. The most marked difference between corneocytes and
their parent keratinocytes is that the former are largely devoid of cellular or-
ganelles, which degrade during corneocyte formation. As a result the corneocytes
are only capable of catabolic reactions [8].

Since the corneocyte is localized within the hydrophobic lipid lamellae and
requires a mechanically stable structure, the standard phospholipid-based plasma
membrane used by cells in an aqueous environment is not a suitable cellular en-
velope. Instead the corneocyte replaces the phospholipid membrane with a high-
ly cross-linked structure made up of specialized structural proteins. Hence a “pro-
tein cage” called the cornified envelope (CE) encapsulates the corneocyte.
Morphologically, this structure can be detected by electron microscopy as an
electron-dense layer of approximately 15 nm thick, adjacent to the intercellular
spaces [9–12]. The CE has a more electron-lucent outer coating of approximately
5 nm thick which represents the covalently bound envelope [13,14].

The purpose of this chapter is to review the role of the CE in stratum
corneum structure and function. However, it must be realized that all the structur-
al elements of the corneocyte, the CE, the intermediate filaments, and the cor-
neodesmosomes, are interlinked, making these cells, and indeed the stratum
corneum itself, a giant macromolecule. Hence alterations in any one of these
structures will drastically affect the others.

2 CORNIFIED ENVELOPE BIOCHEMISTRY

The CE has been likened to a protein cage. It is comprised of specialized struc-
tural proteins linked by specific γ-glutamyl-ε-lysine and γ-glutamyl-polyamine
isopeptide bonds, and to a lesser extent disulfide linkages [15–18]. This results in
each corneocyte being enclosed by a protein shell that in essence is a single
macromolecule. In addition the specialized nature of the γ-glutamyl-ε-lysine con-
fers a resistance to general proteolytic action. Moreover, a characteristic of the
CE is that it is insoluble in SDS/reducing agent conditions, which are used in the
isolation of these structures from stratum corneum tissue [19].

The biochemical composition of the CE is not homogeneous. The outer-
most region of the CE, adjacent to the intercellular space, is rich in the protein in-
volucrin [20–22]. This is a rodlike protein rich in glutamine/glutamate and there-
fore suited as major structural protein in the CE; although only a specified
fraction of the glutamate residues are cross-linked in vivo. Deeper within the CE
structure, involucrin gives way to be replaced by the protein loricrin. Loricrin is
an insoluble protein rich in glycine, serine, and cysteine and comprises the major
component of the CE [23–26]. Probably the third most important component of
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the CE are the small proline-rich proteins (SPRs). The SPRs comprise a family of
small proteins which are characterized into three groups; SPR 1 through 3, of
which SPR 1 and 2 have been identified as epidermal CE components [21,26,27].
It is believed that these proteins function as cross-linking agents strengthening the
CE against mechanical forces, supported by the correlation of CE SPR content
with mechanical stress [28–30]. Additional minor CE components include cys-
tatin-α (keratolinin) [31–33], elafin (SKALP) [26], envoplakin [34], periplakin
[35], cystine-rich envelope protein (CREP) [36], S100 proteins, annexins, plas-
minogen activator inhibitor 2 [21] and filaggrin [37,38]. In addition, since the CE
interacts with corneocyte structures such as the keratin intermediate filaments and
the corneodesmosomes, keratins and desmoplakins have also been detected
cross-linked to CE proteins [12,21,26].

2.1 Cornified Envelope Formation

The major function of the cornified envelope is to produce a mechanically robust
alternative to the phospholipid-based plasma membranes of viable keratinocytes.
Instantly replacing the keratinocyte plasma membrane is not feasible; hence one
of the processes of epidermal terminal differentiation is to construct the CE while
the plasma membrane is intact, prior to cornification.

The enzymes responsible for catalyzing γ-glutamyl-ε-lysine isopeptide
bond formation are the transglutaminases (TGases) [15,39], Transglutaminases
are Ca2+-dependent enzymes and form a bond between the γ-glutamyl amino
group and a primary amino group, the latter being normal provided by the side
chain of lysine or by the polyamines putrescine and spermidine (Fig. 1)[16,17].

The epidermis produces three types of TGase. TGase 1 (TGase K) is ex-
pressed suprabasally, arising in the mid-spinous layer [40–42]. It is produced as a
106-KDa protein and due to N- and S-linked fatty acyl groups at its N-terminal
region is membrane bound [43]. Following synthesis the protein is proteolytical-
ly processed to give soluble components of 10, 33, and 67 KDa, the complex of
which is membrane bound and has enhanced activity [44]. TGase 3 (TGase E) is
produced later in terminal differentiation in the granular layer [45–47]. It is pro-
duced as a soluble 77-KDa inactive pro-enzyme but subsequently cleaved to give
the 50-KDa active form. TGase 2 (TGase C) is ubiquitous and has no role in CE
formation but may play a role in apoptosis [48].

TGase 1 is accredited with initiating CE formation due to its earlier appear-
ance in epidermal differentiation [42]. The first steps in CE construction appear to
be the production of a scaffold using soluble involucrin as the major component
[22]. Cornified envelope construction occurs immediately adjacent to the inner
face of the keratinocyte plasma membrane. Precisely how this complex structure
assembles is not fully understood. Studies using cultured keratinocytes suggest
that involucrin, cross-linked in a head–tail and head–head orientation, spreads out
from interdesmosomal regions to link with the desmosomal complexes, anchor-



98 Watkinson et al.

FI
G

U
R

E
1

S
ch

em
at

ic
 r

ep
re

se
n

ta
ti

o
n

 o
f T

G
as

e 
ac

ti
o

n
 to

 p
ro

d
u

ce
 (A

) ε
-(

γ-
g

lu
ta

m
yl

)l
ys

in
e 

p
ep

ti
d

e 
b

o
n

d
an

d
 (

B
) 

p
o

ly
am

in
e 

p
se

u
d

o
-i

so
p

ep
ti

d
e 

b
o

n
d

.



99The Cornified Envelope

ing the forming CE into the keratinocyte cytoskeleton and tissue matrix [49]. In-
volucrin molecules may self-assemble on the keratinocyte plasma membrane by
interacting with phosphatidylserine residues in a calcium-dependent manner and
subsequently be linked by the action of membrane-bound TGase 1 [50]. Addi-
tional elements linked with this scaffold assembly process are envoplakin and
possibly periplakin [49]. Envoplakin co-localizes with involucrin in the early
steps of this process and similarly spreads from interdesmosomal regions to link
with the desmosomes to produce a continuous layer adjacent to the plasma mem-
brane. Once the involucrin envoplakin scaffold is produced, the structure is
strengthened by the addition of loricrin, SPRs, and other CE components. Inter-
estingly, it has been shown that loricrin associates initially with the desmosomal
plaque in the granular layer keratinocytes and subsequently becomes incorporat-
ed in the CE during or after the cornification process [51]. This suggests that the
desmosome may be a focal point for the accumulation and subsequent attachment
of CE precursor proteins to the scaffold, possibly by the action of the annexins
[21,51,52].

The synthesis of TGase 3 in the granular layer, subsequent to that of TGase
1, provides a supplementary soluble pool of TGase enzyme to facilitate CE com-
pletion. As the CE forms, membrane-bound TGase 1 is likely to become, at least
partially, entrapped. TGase 3 has a higher affinity for loricrin than other CE com-
ponents [53] and since this protein comprises about 70% of the CE, this suggests
that it is the main enzyme involved in the completion of CE construction. How-
ever, both TGase 1 and 3 are required for the strengthening phase since SPR in-
corporation appears to require both enzymes, each acting at a different site on the
molecule. For these same reasons, TGase 3 may also be the major enzyme of CE
maturation within the stratum corneum, but currently there is little evidence to
support this concept.

Isopeptide bonds are not the sole covalent bond involved in CE structure.
Disulfide bonds also link CE components, being produced by the enzyme sul-
fydryl oxidase [54,55]. Little is known about their contribution to CE structure,
especially since they are normally lost in CE isolation due to the use of reducing
agents. Cysteine-containing CE components that could be involved in disulfide
bond formation include CREP and loricrin [24,25,36]. The major function of
disulfide bonds within the CE may be between loricrin and the keratins of the in-
termediate filaments, providing an additional link into the keratinocyte/corneo-
cyte cytoskeleton [25].

2.2 Covalently-Bound Lipid

Whereas the polar head groups of the phospholipids in the plasma membrane al-
low interaction with the aqueous environment, in the SC the CE must interact
with the hydrophobic lipid lamellae in the intercellular spaces. Since the outer re-
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gions of the CE comprise the involucrin scaffold and involucrin is a
glutamine/glutamate-rich hydrophilic protein, additional modifications are re-
quired. Increasing the hydrophobicity of the outer layer of the CE is achieved by
coating the protein with lipid molecules to produce a layer approximately 5 nm
thick [13,14,56–58]. This layer is termed the covalently bound lipid and, it not
only allows interaction with the intercellular space lipid, but also is believed to
help stabilize the lamellar structure and may contribute to corneocyte cohesion
[59,12].

The covalently bound lipid envelope is formed during cornification. The
lamellar bodies extrude their lipid and enzyme contents, from the rapidly trans-
forming granular layer keratinocytes into the intercellular space [8]. Among the
extruded lipid are ω-hydroxy lipids that become covalently linked to the scaffold
proteins. The covalently bound lipid is predominantly comprised of ceramide,
composed of long-chain 28–34 carbon ω-hydroxyacids, amide-linked to the
sphingosine moiety. Alkaline hydrolysis followed by high performance thin layer
chromatography (HPTLC) fractionation reveals two variants of ceramide: ce-
ramide A and B. The component fatty acids of both these ceramides are predomi-
nantly saturated or mono-unsaturated. Additional covalently bound lipid compo-
nents are fatty acids and ω-hydroxyacids and again these are mainly saturated or
mono-unsaturated [14,56–58].

These lipid components are linked to the involucrin scaffold by ester bonds
to glutamate/glutamine residues on the protein [60]. For the ω-hydroxyceramides
there are three potential ways of linking to the involucrin protein; these are
through the ω-hydroxyl group of the fatty acid or through either hydroxyl group
of the sphingosine residue. Certainly in pig stratum corneum, ω-hydroxyl (40%)
and the sphingosine 1-hydroxyl groups (60%) make up the ester linkages, where-
as the 3-hydroxy-sphingosine residue is not utilized (Fig. 2) [61]. Moreover, the
spacial arrangements of the glutamate/glutamine residues on the involucrin mol-
ecule are orientated such as to provide regular spacing of the covalently bound
lipids [62].

The enzyme responsible for linking the lipid moieties to the involucrin
scaffold is currently unknown. It has recently been proposed that TGase 1 may be
bifunctional, cross-linking the precursor proteins and esterifying the ω-hydroxy-
ceramides to the glutamine/glutamate residues of this scaffold protein [63]. Incu-
bation of TGase 1 with involucrin and ω-hydroxyceramide in a synthetic lipid
vesicular system resulted in the esterification of the ceramide moiety to the in-
volucrin protein. Moreover, the ω-hydroxy group was preferentially linked to the
protein. However, whether TGase 1 functions in vivo to esterify lipids to the CE
remains to be determined. If so, it is unlikely to be the only enzyme involved due
to its specificity for the ω-hydroxyl over the 1-sphinogsine-hydroxyl. Further-
more, analysis of stratum corneum from patients with lamellar ichthyosis, a ge-
netic condition in which TGase 1 activity is deficient or absent (see subsequent
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discussion) revealed an apparently normal covalently bound lipid layer despite
the presence of an abnormal CE [64].

3 CORNIFIED ENVELOPE MATURATION

During epidermal terminal differentiation, the formation of the CE occurs prior to
conversion of granular layer keratinocytes to inert corneocytes. Hence during the
cornification process, where the keratinocyte plasma membrane is degraded, the
preformed CE leaves the corneocyte with a robust, encapsulating protein cage.
However, this is only the “beginning of the end” for the CE. Although technical-
ly a dead tissue, the stratum corneum undergoes a series of biochemical changes
until the corneocytes are ultimately lost, desquamated at the surface of the skin.
As part of this maturation process the CE undergoes biochemical changes as it
migrates through the layers of the stratum corneum, recognizable as morphologi-
cal changes when isolated CEs are viewed using Nomarski contrast microscopy
(Fig. 3). Cornified envelopes from the deeper, less mature layers of the stratum
tend to have an irregularly shaped, ruffled appearance and are referred to as “frag-

FIGURE 3 Normarski phase contrast microscopy of cornified envelopes
demonstrating CEr and CEf maturation types. Corneocytes harvested by
tape-stripping were exhaustively extracted with SDS/β-mercaptoethanol and
the resultant cornified envelopes were then visualized using Normarski
phase contrast microscopy. Immature CEf have an irregularly shaped, ruffled
appearance; in contrast, the more mature CEr were polygonal in shape with
a smoother surface.
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ile” envelopes (CEf). In contrast, CE from the more mature, peripheral layers of
the stratum corneum tend to be more polygonal in shape with a smoother surface
and are called “rigid” cornified envelopes (CEr) [65]. The reasons for these mor-
phological differences between mature and immature CE are unknown.
Cyanogen bromide cleavage of CE to produce peptide maps did not reveal any
significant difference between the two variants [66]. However, as well as being
discernible under the microscope, the two CE variants can be differentiated by
their interaction with the fluorescent label tetramethylrhodamine isothiocyanate
(TRITC). CEr stain with an intense yellow-orange fluorescence whilst CEf stain
weakly under the same conditions [18,66] (Fig. 4). This staining pattern can be
used to follow the CE maturation process by determining the bulk fluorescence of
tape-stripped CE which have been treated with TRITC. In the deeper SC, lower
levels of fluorescence are detected, consistent with there being predominantly im-
mature CEf; as the CE approach the surface of the SC, there is a marked increase
in fluorescence (tape strips 9–12) consistent with a rapid, rather than gradual,
maturation event to produce CEr (Fig. 5).

Interestingly, this maturation-associated change in fluorescence occurs after
filaggrin has largely been hydrolyzed and therefore appears to be closely associ-

FIGURE 4 Fluorescence and Normarski phase contrast microscopy of TRITC
stained cornified envelopes demonstrating increased fluorescence labeling
of CEr compared to CEf. Exhaustively extracted corneocytes were treated
with TRITC (200 µl/mL) for 2 hr, then washed and visualized by fluorescence
microscopy followed by Normarski phase contrast microscopy. The mature
CEr show increased fluorescence labeling compared to the immature CEf.
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ated with the stratum compactum–to–stratum disjunctum conversion [2,67]. The
precise nature of the biochemical change resulting in this altered reaction to
TRITC is unknown, although the isothiocyanate group is known to interact with
free amino groups to produce a thiourea [68]. Hence increased TRITC binding in
mature CEr may represent steric changes in the CE structure which allow interac-
tion of the dye with previously masked areas of the CE structure. Certainly, from
the morphological observations, it appears that the CEf transforms to become a
less convoluted structure. Virtually nothing is known about the mechanisms that
drive this morphological change, or indeed whether the morphological change is
only detectable once the corneocytes are separated from the constraints of the tis-
sue. We can speculate that this transformation is along the planar axes, owing to
there being no apparent alteration in corneocyte thickness. In doing so, the de-
creased crenellation resulting from this change is likely to reduce the corneo-
cyte–corneocyte contacts, aiding in the general dyshesion which occurs during
stratum corneum maturation, and hence may play a role in desquamation. Corni-
fied envelope transformation can only occur if there is a significant degradation of
the restraining corneodesmosomes that attach each corneocyte to its neighbors.
Interestingly, it is known that the predominant degradation of corneodesmosomes
occurs at the planar faces of the corneocytes during the earlier phases of SC mat-
uration [69], the loss of which would accommodate a planar two-dimensional
change. It can be further speculated that the keratin intermediate filaments play a
role in this maturation event, possibly even driving the transformation; however,
precisely what role keratins play is unknown.

Since TGases are crucial for the production of the CE, it is conceivable that
they are also involved in the CEf-to-CEr maturation process. Supporting this con-
cept is the observation that total γ-glutamyl-ε-lysine cross-links increase in suc-
cessive layers of the stratum corneum (Fig. 6) [70,71]. This suggests that the con-
tinued activity of stratum corneum TGases is important for correct maturation.
Three pools of TGase activity can be found associated with the stratum corneum:
a water-soluble TGase (Tris-buffer), a nonionic (Triton X100) detergent-soluble
form, and a particulate form that cannot be liberated from the corneocyte. Ion ex-
change chromatography indicates that the water-soluble enzyme fraction is com-
posed of both TGase 1 and 3 (Fig. 7). The Triton-soluble form represents bound
enzyme, possibly associated with the covalently bound lipid, and is predominant-
ly TGase 1; whereas the insoluble form may represent a pool of enzyme that is
trapped within the CE. The importance of TGases to the CE maturation process
can also be seen in TGase 1–deficient lamellar ichthyosis patients, where the CE
are structurally much weaker than in normal corneocytes and the maturation
process is prevented [18,64].

As with the protein components of the CE, the covalently bound lipid also
appears to change during stratum corneum maturation. The deeper, less mature
CE show increased cross-reactivity with involucrin antibodies and less staining
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FIGURE 6 Distribution profile of ε-(γ-glutamyl)lysine cross-links in CE recov-
ered from human stratum corneum. Consecutive tape strips were taken,
pooled in groups of five and the corneocytes were exhaustively extracted in
SDS/β-mercaptoethanol. γ-Glutamyl(lysine) cross-links were isolated from
the CE by exhaustive protease digestion. The isolated ε-(γ-glutamyl)lysine
dipeptide cross-links were quantified by reverse phase HPLC.* p < 0.001
compared to the surface γ-glutamyl(lysine) cross-link content (n = 9). (From
Refs. 70 and 71.)

with the lipid stain Oil Red O. In contrast, the mature, peripheral CEr show less
involucrin cross-reactivity and increased Oil Red O staining [72]. If confirmed,
the increase in Oil Red O staining indicates that the CE progressively build up
their covalently bound lipid. Furthermore, it suggests that the esterifying enzymes
retain activity throughout the SC, presumably supplied with ω-hydroxyceramides
from the intercellular space lipid lamellae. If indeed TGase 1 functions in this ca-
pacity, this would be consistent with the detection of TGase activity in the Triton
X100 extracts of SC. The progressive reduction of involucrin labeling supports
the continued enlargement of the covalently bound lipid covering due to sterical
inhibition of antibody binding. However this could also be explained by an in-
crease in involucrin cross-linking with maturation [73].

4 CORNIFIED ENVELOPES AND SKIN CONDITION

In considering the role of CE in skin condition, the necessity of isolating these
structures with SDS and reducing agent has meant that they are devoid of the oth-
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FIGURE 7 TGase enzymes in human stratum corneum. TGase activity was
determined by putrescine cross-linking to dimethylcasein in extracts of stra-
tum corneum. Panel A shows TGase activity determined from sequential ex-
tract of stratum corneum by 0.1 M Tris-HCl, pH 8, 10 mM EDTA (tris soluble);
0.1 M Tris-HCl, pH 8, 10 mM EDTA containing 1% (v/v) Triton X100 (T-X100
soluble); and in the remaining particular fraction. Panel B shows ion ex-
change chromatography of the Tris and T-X100 fractions on a MonoQ anion
exchange column (SMART system; Pharmacia). (From Refs. 70 and 71.)

er main structural elements, particularly the keratin intermediate filaments and
corneodesmosomal linkages. When viewed under the microscope, isolated unex-
tracted corneocytes cannot readily be classified as CEf or CEr (Fig. 8). Therefore
both the corneodesmosomes and keratin intermediate filaments must introduce
structural constraints upon the CE as a whole. However, the corneodesmosomes
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FIGURE 8 Comparison of peripheral CE and corneocytes. Peripheral corneo-
cytes were harvested by tape-stripping and either exhaustively extracted
with SDS/β-mercaptoethanol and visualized using Normarski phase contrast
microscopy or analyzed directly by scanning electron microscopy. Although
the CE were predominantly CEr, scanning electron microscopy revealed a
ruffled appearance of the surface corneocytes. (From D. Atkins and A.
Watkinson, unpublished data.)

FIGURE 9 Comparison of CEr and CEf surface area. Corneocytes from upper
arm were harvested by tape-stripping and exhaustively extracted with
SDS/β-mercaptoethanol. After visualization using Normarski phase contrast
microscopy, electronically captured images were analyzed for cell surface
area. The results show the mean value ± s.d. for five samples, which in turn
were derived from measurements of at least 22 CE per sample, containing
approximately equal numbers of CEr and CEf (*p < 0.001). (From J. Richard-
son, unpublished data.)
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and keratin intermediate filaments are not the sole determinants of CE shape.
Area determination of CE shows that CEf are significantly smaller than CEr (Fig.
9). Therefore, within the CEf structure there must be physiochemical factors that
constrain the structure to its ruffled appearance; moreover, subsequent modifica-
tion of these factors during maturation allows the more open conformation of the
CEr to form. Depth analysis of CE by TRITC labeling (Fig. 5) demonstrates that
significant conversion of CEf to CEr occurs either at or immediately after the
stratum compactum/disjunctum boundary. Conceivably, the ability of the CE to
adopt a more open confirmation may contribute to the more open structure of the
stratum disjunctum, and ultimately to the desquamatory process. Even in the
presence of the keratin intermediate filaments, the hydrolysis of the cor-
neodesmosomes during desquamation may allow the CE structure some freedom
to open up, physically reducing corneocyte–corneocyte interactions.

When the CEf and CEr were named there was no reported evidence of their
mechanical strength. Using micromanipulation of individual CE to measure the
compressional mechanical component it was shown that the force required to
maximally compress the CE is significantly different for the two types (Fig. 10):
CEr were significantly stronger than CEf [70,71]. In addition, the CEr were con-
siderably more heterogeneous in their mechanical behavior than CEf. Hence the
terminology, based on appearance, does not represent a misnomer. It would there-
fore seem that CE maturation is a process necessary to create a much-strength-
ened outer layer to the stratum corneum. Since the stronger CEr structures nor-
mally arise in the more peripheral stratum corneum, we can speculate that they
are involved in resisting the mechanical forces imposed on the tissue as a result of
desiccation.

The rate at which the maturation event occurs appears to dictate the conver-
sion of CEf to CEr. Environmentally exposed body sites have an increased rate of
epidermal proliferation and smaller cell size [74,75]. Interestingly these sites also
appear to have a decrease in the CEr content, compared to more protected body
sites (Fig. 11). Cyanogen bromide cleavage of CE also suggests that CE from var-
ious body sites have slight structural differences [76], which may in part account
for the variation in maturation. As a result it appears that increases in epidermal
proliferation, with their knock-on effect of increasing stratum corneum matura-
tion rate, also perturb the conversion of CEf to CEr.

A major body site difference in CE maturation is seen with palmo-plantar
stratum corneum. Palmo-plantar stratum corneum is a specialized skin variant
that is designed to withstand sheer and compressional forces. Structurally, it dif-
fers from normal interfollicular stratum corneum by corneodesmosomal retention
and an increase in cell layers [77,78]. Analysis of CE reveals that palmo-plantar
stratum corneum contains predominantly CEf in the more superficial layers (Fig.
12). Moreover, the cyanogen bromide cleavage peptides are different from those
of interfollicular SC [76]. Hence, in the palmo-plantar stratum corneum the mat-
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FIGURE 10 Distribution profile of the maximal compressional forces (µN) of
individual CE. Top panel shows the force range for CEr and the bottom panel
for CEf. The maximal compression force for CEr was significantly different
from that of CEf (p < 0.0001). (From Refs. 70 and 71).

uration process is either delayed or perturbed. Perceivably, one explanation for
this lack of CE maturation is the structural constaints imposed on the CE due to
the extensive corneodesmosomal content throughout the palmo-plantar stratum
corneum. Interestingly, the preponderance of the weaker CEf in this tissue is at
odds with its mechanical requirement. It can only be assumed that in this special-
ized stratum corneum structure the ruffled surface of the CEf maximizes the cor-
neocyte–corneocyte interactions, strengthening the tissue.

Implicitly, one would expect that the platelike structure of the CE would
contribute to skin texture. However, if the CE is not the major determinant of the

Sample mean = 135.1�N
Standard deviation = 31.96�N
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FIGURE 11 CE maturation in different body sites. Peripheral corneocytes
were harvested by tape-stripping and exhaustively extracted with SDS/β-
mercaptoethanol. The resultant CE were then visualized using Normarski
phase contrast microscopy, and the CEr/CEf ratio was determined by Nor-
marski phase contrast microscopy. The hand demonstrated significantly re-
duced levels of CE maturation (p < 0.001, cf. outer calf; n = 10). (From Ref. 70.)

surface of the corneocyte, the overall contribution of these structures to texture is
debatable. However, skin smoothness is inversely related to friction and directly
related to hardness, or resistance to deformation [79]. Measurement of skin tex-
ture using profilometry reveals that the greatest texture appears in areas with the
highest proliferative rate [80,81], and consequently the greatest content of ruffled
CEf. Therefore, the surface CEr may, by being mechanically stronger/harder, im-
part a smoother texture to the skin surface, despite the restraining function of the
intermediate filaments. As such, normalization of stratum corneum maturation,
with an increase in the CEr-containing corneocytes, would have beneficial effects
upon skin smoothness.

5 CONCLUSION

In the last decade there have been significant advances in the understanding of the
formation and structure of the CE. Several studies have shown the CE to be com-
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FIGURE 12 Comparison of peripheral CE from plantar and interfollicular stra-
tum corneum. Peripheral corneocytes from either the sole of the foot or the
axilla were harvested by tape-stripping and exhaustively extracted with
SDS/β-mercaptoethanol. Normarski phase contrast microscopy revealed that
the interfollicular CE were predominantly CEr, whereas the plantar CE were
predominantly CEf. (From J. Richardson and A. Watkinson, unpublished
data.)

posed of highly specialized structural proteins, which are laid down in a coordi-
nated fashion to produce a robust protein cage encompassing the corneocyte. It
has also been shown that once formed, the CE then undergoes a maturation
process as it migrates through the stratum corneum, until it is eventually lost dur-
ing desquamation. Our understanding of how this maturation process occurs and
what this means for interaction with other structural elements of the stratum
corneum is far from complete. It is inconceivable that the morphological and bio-
chemical changes associated with the maturation event do not influence the con-
dition of the skin. Indeed, perturbations of CE maturation invariably are associat-
ed with pathological skin conditions. A major challenge for the future research
remains a more complete understanding of this maturation process and how it im-
pinges on stratum corneum structure and skin condition.
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1 INTRODUCTION

“Dry skin” is a term used by consumers, cosmetic scientists, and dermatologists.
Although this condition remains one of the most common of human disorders, it
has never been defined unambiguously [1]. Usually it is described in terms of
symptomatology, its physical signs, and its etiology with names such as xerosis,
dermatitis, winter itch, rough skin, dry skin, and chapping. Moreover, dry skin is
sometimes mistakenly considered as the opposite end of the spectrum to oily
skin, and indeed early investigators believed dry skin to be a result of reduced se-
bum secretion. However, dry skin is characterized by a rough, scaly and flaky
skin surface, especially in low humidity conditions and is often associated with
the somatory sensations of tightness, itch, and pain [2].

Winter itch was first described in 1874 by Duhring [3], and its seasonal na-
ture was confirmed in later studies. Decades later, Gaul [4] related the problem to
the presence of dry air as measured by dew points, and the early work of Irwin
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Blank in the 1950s proved that the low moisture content of the skin is a prime fac-
tor in precipitating this condition [5]. Low temperature and humidity are not the
only factors that induce a dry skin condition; dry skin also occurs after excessive
sun exposure or after the use of soaps and surfactants. Indeed, dry scaly skin is a
characteristic feature in a wide range of more serious pathological conditions that
affect the underlying epidermis.

During the last 50 years many scientists have tried to unravel the complex
biological and physical perturbations that occur in this vexing condition, and in
recent years our understanding of the biochemistry of the stratum corneum has
advanced enormously [6]. It is now generally acknowledged that the stratum
corneum is a dynamic tissue in which many enzymatic reactions are carefully
regulated to ensure the proper maturation of the tissue to enable it to be fully
functional. It has also become apparent that skin scaling is the result of a pertur-
bation of the stratum corneum maturation process and especially that of desqua-
mation. Many factors contribute to aberrant desquamation, although in winter dry
skin this is primarily a result of environmental stresses. In this chapter, we will
consider how perturbation of the normal functioning of the stratum corneum can
precipitate the formation of dry skin.

2 DRY SKIN—THE CLINICAL CONDITION

Irrespective of body site, dry skin is characterized clinically by its rough look and
feel. Several studies have been conducted to describe the visual condition on the
face, hands, and legs. Indeed, the clinical severity of the dry skin (Fig. 1) is nor-
mally graded according to the following criteria of Kligman [7]:

Grade 1 Normal skin.
Grade 2 Mild xerosis characterized by small flakes of dry skin and

whitening of dermatoglyphic triangles.
Grade 3 Moderate xerosis, small dry flakes giving a light powdery ap-

pearance to the hand. Corners of dermatoglyphic triangles have started
to uplift.

Grade 4 Well-defined xerosis, the entire length of a number of dermato-
glyphic triangles have uplifted to generate large dry skin flakes. Rough-
ness is very evident.

This type of analysis, however, is subjective, and to give a more objective assess-
ment of dry skin a variety of noninvasive instruments are used to characterize the
condition. Leveque et al. [8] have used a variety of instrumental techniques. In
these studies dramatic decreases in facial stratum corneum flexibility and conduc-
tance have been observed as skin dryness scores increase (Fig. 2). As expected
trans-epidermal water loss also increases with increasing dryness.
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FIGURE 1 Photographs of typical dry skin conditions. Grade 0: normal,
healthy. Grade 1: slight dryness; white borders. Grade 2: moderate dryness;
raised edges, dry powdery appearance. Grade 3: marked dryness; definite
uplift, visible flaking. Grade 4: extreme dryness; severe uplift and flaking.

Grade 1

Grade 0
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Grade 2

Grade 3

FIGURE 1 Continued
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FIGURE 1 Continued

Grade 4

FIGURE 2 Relationship between skin extensibility and conductance with in-
creasing dry skin. (Modified from Ref. 8.)
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Crucial to the stratum corneum condition is the state of proliferation/differ-
entiation of the underlying epidermis. Leveque et al. [8] demonstrated that cor-
neocyte size decreased with increasing dry skin indicating that the perturbation of
the stratum corneum is associated with an increase in epidermal proliferation.
This is consistent with the work of Elias et al. [9], who demonstrated increases in
epidermal proliferation following barrier damage, i.e., increased transepidermal
water loss. Increases in epidermal proliferation are known to lead to smaller cor-
neocytes [10]. Others have shown that the stratum corneum is thicker and reveals
cracks in dry skin conditions [11]. Thus, compromised stratum corneum in dry
skin leads to an increase in epidermopoiesis, a less flexible tissue (a property
linked to both stratum corneum water content and thickness) together with a re-
duced barrier to water loss. These changes are associated with altered skin surface
morphology [12]. Surface sebum does not appear to be a factor in dry skin since
sebum secretion rates were shown not to correlate with the dry skin scores. Col-
lectively these results indicate that the normal functioning of the stratum corneum
is compromised in dry skin.

3 BIOLOGY OF STRATUM CORNEUM IN NORMAL
AND DRY SKIN

Normal desquamation occurs following complete but gradual destruction of cor-
neodesmosomes [13] leading to the imperceivable loss of individual cells from
the surface of the stratum corneum. The process is intimately dependent upon the
composition and organization of the intercellular lipids, levels and activity of
stratum corneum glycosidases, and proteases together with effective tissue hydra-
tion. Early biochemical studies comparing the differences between normal and
dry stratum corneum focused exclusively on changes in stratum corneum barrier
lipids [14,15]. We believed, however, that a more holistic approach needed to be
taken to properly understand the condition [6,16,17]. In the following sections we
describe changes in stratum corneum morphology, lipid levels, corneodesmo-
some persistence, protease activity, corneocyte envelope morphology and natural
moisturizing factor levels associated with the appearance of dry skin.

3.1 Stratum Corneum Morphology in Normal and
Dry Skin

There is evidence that stratum corneum lipid lamellae and corneodesmosomes are
modified during the normal desquamation process and these changes are essential
to reduce cohesion in the peripheral layers [18,19]. In contrast, in dry skin the
lipid structure becomes totally disorganized and corneodesmosomes persist into
the outer layers of the stratum corneum. This is best exemplified by electron mi-
croscope studies [16].
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Sequential tape-stripping of the surface of the stratum corneum of normal
and dry skin together with subsequent electron microscopical analysis following
ruthenium tetroxide staining revealed changes in stratum corneum lipid organiza-
tion and corneodesmosome morphology between the inner and outer layers of the
stratum corneum. In deeper cellular layers (third tape strip down) intact electron-
dense corneodesmosomal structures were seen (Fig. 3D) in direct contact with the
intercellular lipid lamellae. The corneodesmosomes appeared to undergo degra-
dation and a reduction in number in the upper layers of the stratum corneum. Dur-
ing their degradation, corneodesmosomes showed digestion of their internal ele-
ments with vacuolation of their structures (Fig. 3C) before detaching from the
corneocyte envelopes. Corneodesmosomal remnants often appear to be surround-
ed by intercellular lipids (Fig. 3B) before their total degradation (Fig. 3A). The
lipid lamellae in the deeper tissue regions of soap-induced winter xerotic stratum
corneum resembled normal tissue. However, in contrast to observations in normal
skin, corneodesmosomes persisted to the surface layer of the stratum corneum
(Fig. 4).

Additionally, in the deeper layers of normal stratum corneum, lipids were
present as typical lamellae bilayer structures between the corneocytes (Fig. 5C).
However, toward the surface layers of the stratum corneum, the bilayer structures
were no longer present and appeared to have taken on a more amorphous-like
structure (Fig. 5A,B). In severe xerosis (grade 4; see Fig. 6), normal intercellular
lipid structures were still evident in the lower layers of the stratum corneum (Fig.
6C). However, in the peripheral layers of stratum corneum the normal lipid bilay-
er structure was replaced by large amounts of disorganized intercellular lipids
with a structure completely different to that of normal healthy skin (Fig. 6A,B).

Other workers [20,21] have reported similar morphological changes on oth-
er body sites. Interestingly, Warner et al. [21] have provided further insights into
these morphological changes examining the effects of aging, dryness, and soap
use. They report an enormous variation in the lipid lamellae structure. In young
individuals a normal lipid lamellae structure is observed, but is not apparent over
the age of 40 years. It is speculated that this is probably due to the known age-re-
lated reduction in epidermal lipid biosynthesis, although the reported decrease in
stratum corneum lipids levels during this period are relatively small.

The perturbation of the lipid lamellae in the peripheral layer could be due to
the adverse effects of sebum lipids released on the surface of the skin. However,
Sheu et al. [22] have clearly shown that deranged lipid lamellae are still found in
the upper layers of plantar skin, which is a sebum-free body site. Nevertheless,
biochemical degradation of lipid lamellae cannot be excluded especially as ce-
ramide 1, a lipid thought to be “riveting” the lipid bilayers and controlling lipid
phase behavior, is reported to be degraded in the stratum corneum [23]. Equally
degradation of cholesterol sulfate is known to be in association with desquama-
tion which may also influence the morphology of the lipid lamellae [19].
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FIGURE 3 Electron micrographs of tape strippings of normal skin (grade 1),
degradation of corneodesmosomes toward the surface of the stratum
corneum. (A) First strip, corneodesmosome fully degraded. (B) Second strip,
corneodesmosome partially degraded and encapsulated by lipid lamellae.
(C) Second strip, corneodesmosome partially degraded, vacuolation of struc-
ture. (D) Third strip, normal corneodesmosome, lipid envelopes in direct
contact with corneodesmosome. (X200,000; Bar = 0.05 µm.) (Modified from
Ref. 16.)

C

Overall, the data show that in healthy skin the periodic nature of the inter-
cellular lipids become amorphous toward the surface layer. In contrast, in dry
skin, a state of intercellular lipid disorganization, with a structure completely dif-
ferent to that in the surface layers of healthy skin, extends much deeper down into
skin. This disorganized lipid structure is likely to influence both intercorneocyte
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FIGURE 4 Electron micrographs of tape strippings of subjects with severe xe-
rosis (grade 4), persistence of corneodesmosomes in outermost layers of the
stratum corneum. First tape stripping from two subjects (A,B). (X200,000; Bar
= 0.05 µm.) (Modified from Ref. 16.)

cohesion and corneodesmolysis and adversely affect the latter stages of desqua-
mation, as can be observed from the increased levels of intact corneodesmosomes
in the surface layers of the stratum corneum in dry skin.

3.2 Stratum Corneum Lipid Biochemistry in Normal
and Dry Skin

The picture has emerged from the morphological studies mentioned that stratum
corneum lipids influence the expression of dry skin. Nevertheless, early studies
by Saint-Leger et al. [14] using a turbine agitated solvent extraction procedure
found no differences in the levels of polar lipids (ceramides, cholesterol sulfate)
between normal and dry skin. However, decreased levels of sterol esters and
triglycerides, and increased fatty acid levels, were observed in dry skin. Similar-
ly, Fulmer and Kramer [15] analyzing stratum corneum lipids recovered from
skin biopsies concluded that the total amount of stratum corneum lipids is not af-
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FIGURE 5 Organization of stratum corneum lipids in tape strippings of indi-
viduals with clinically nornal skin. Transmission electron micrographs of
tape strippings. Ultrastructural changes in lipid organization toward the sur-
face of the stratum corneum. (A) First strip, absence of bilayers and presence
of amorphous lipidic material. (B) Second strip, disruption of lipid lamellae.
(C) Third strip, normal lipid lamellae. (X200,000.) (Modified from Ref. 16.)

fected in surfactant-induced dry skin. However, increases in ceramides 2 and 4
together with cholesterol and decreases in cholesterol esters, ceramide 3, and fat-
ty acids were seen in dry skin compared with normal skin.

Due to the apparent changes in stratum corneum lipid ultrastructure be-
tween normal and dry skin we decided to measure absolute levels of the major
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FIGURE 6 Organization of stratum corneum lipids in tape stripping of sub-
jects with winter xerosis. Transmission electron micrographs of tape strip-
pings of individuals with severe xerosis. Perturbation in lipid organization to-
ward the surface of the stratum corneum. (A) First strip, disorganized lipid
lamellae. (B) Second strip, disorganized lipid lamellae. (C) Third strip, normal
lipid lamellae (X200,000.) (Modified from Ref. 16.)

stratum corneum lipid species in the two conditions, and also to compare lipid
profiles in the inner and outer layers of the stratum corneum [16]. This approach
was facilitated using a sequential tape-stripping procedure to recover corneocytes
from progressively deeper layers and chromatographic removal of the tape adhe-
sive from the lipid species before conducting high performance thin layer chro-
matography ensured optimal resolution of the major lipid species. However, cho-
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lesterol sulfate levels still could not be determined due to tape adhesive contami-
nants.

An initial analysis of stratum corneum lipid composition from normal and
xerotic skin was performed on corneocytes pooled from all of the tape strippings.
Compared with normal skin, statistically significant decreases in the mass levels
of ceramides were seen in severe xerosis conditions (Table 1). However, the rela-
tive levels of the different ceramide species remained unchanged.

Of the other lipid species investigated, the relative and mass amounts of fat-
ty acids tended to increase in the outer layers of the stratum corneum, but these
observations were not statistically significant. However, cholesterol levels were
significantly increased in outer compared with inner stratum corneum in dry skin.
These changes are totally consistent with the observed changes in lipid ultrastruc-
ture.

The reasons for the aberration in stratum corneum lipid structure in winter
xerosis is unknown, but they are probably related to diminishing ceramide and
increasing fatty acid levels. Although the latter do not show statistical differences
in their concentrations between the inner and outer layers of the stratum corneum
due to the large interindividual variation, their mass levels were nearly doubled in
subjects with xerosis.

TABLE 1 Relationship of Skin Xerosis and Stratum Corneum 
Lipid Composition

Skin xerosis grade

Lipid species Grade 1 Grade 2 Grade 3 Grade 4

Lipid Levels (ng lipid/µg protein)

Ceramides 64.9 ± 34.4 68.6 ± 30.4 39.2 ± 14.9* 37.5 ± 14.1*
Fatty acids 62.1 ± 34.6 67.4 ± 32.7 60.5 ± 37.0 54.9 ± 28.1
Cholesterol 3.9 ± 2.1 7.7 ± 4.2 4.4 ± 2.0 4.6 ± 2.3

Relative Lipid Levels (% of total lipids)

Ceramides 47.1 ± 17.4 48.3 ± 8.6 40.2 ± 13.2 38.3 ± 11.2
Fatty acids 49.7 ± 18.6 46.2 ± 9.8 55.0 ± 12.0 56.0 ± 10.8
Cholesterol 2.0 ± 1.9 5.5 ± 2.6 4.8 ± 2.4 5.2 ± 3.2

Notes: Values represent mean standard deviation. Grade 1, n = 8; Grade 2, n = 8; Grade
3, n = 12; Grade 4, n = 12.
*Significantly different to Grade 1 (p < 0.05).
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The increased fatty acids observed in dry skin may be derived from the
soap used for bathing, result from the hydrolysis of ceramides by a ceramidase
[24], or be of sebaceous origin. Excess fatty acids have been found in the lipid
fractions derived from low humidity–induced dry skin samples of pigs [25], indi-
cating intrinsic origins rather than extraneous sources. Whatever their source, it is
therefore possible that the alteration of the ratio of the three major lipid compo-
nents—fatty acids, sterols, and ceramides—causes phase separation of lipids at
the surface of the stratum corneum. The excess fatty acid levels may further ex-
acerbate the structural defects of the intercellular lipid; fatty acids alter the phase
properties of phospholipid bilayers [26]

3.3 Stratum Corneum Corneodesmosomal Protein in
Normal and Dry Skin

The main cohesive force within the stratum corneum is the corneodesmosome (or
corneosome) [27], a specialized desmosome. The cohesion of the classical
desmosome structure is provided by two heterogeneous families of proteins
called cadherins (desmogleins, or dsg, and desmocollins, or dsc), each of which
occur as three distinct isoforms [28,29]. The predominant cadherins in the cor-
neodesmosome are dsg1 and dsc1, which are specifically modified for their spe-
cialized role within the lipid-rich intercellular spaces. The cadherins dsc1 and
dsg1 span the corneocyte envelopes and bind homophilically, in the intercellular
space, to their counterparts on adjacent cells. A potentially critical difference be-
tween epidermal desmosomes and the stratum corneum corneodesmosomes is the
inclusion in the latter of the protein corneodesmosin [30]. This protein, recently
identified as S protein, is a late differentiation antigen which co-localizes with the
extracellular domains of the corneodesmosomes. The glycoprotein nature of this
protein and its location have suggested that it is involved in cohesion, although
this remains to be confirmed [31]. Corneodesmosomes are extensively cross-
linked into the cornified envelope during late differentiation increasing the over-
all mechanical strength of the stratum corneum, but also dictating that cor-
neodesmosomal degradation must occur to allow desquamation to proceed.

As demonstrated by electron microscopy on studies of winter- and soap-in-
duced xerosis, corneodesmosomes are retained in the upper layers of the stratum
corneum [16]. Biochemically, this increased retention is reflected in the increased
levels of intact dsg1, dsc1, and corneodesmosin [16,32] in the superficial layers,
indicating that hydrolysis of these molecules is inhibited (Fig. 7). The major con-
sequence of this decreased hydrolysis and corneodesmosomal retention is that the
predominant intercorneocyte linkages are not broken and the peripheral cells do
not detach during desquamation. Hence, instead of the imperceptible loss of sur-
face corneocytes, large clumps of cells accumulate on the surface of the skin.
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FIGURE 7 Histogram showing the increased levels of desmocollin 1 in stra-
tum corneum of subjects with severe xerosis (grade 4) compared with nor-
mal stratum corneum (grade 1).

3.4 Stratum Corneum Enzymes and Enzyme
Inhibitors in Normal and Dry Skin

The degradation of corneodesmosomal proteins during stratum corneum matura-
tion points to the role of enzymes in the desquamatory process. These proteases,
along with specific lipases, are delivered to their site of action through lamellar
bodies’ extrusion into the intercellular space during epidermal differentiation
[33]. The stratum corneum is an extremely rich repository of proteases (Fig. 8),
and the identification of desquamatory enzymes is complicated by the fact that
much of the proteolytic activity extractable from this tissue is likely to represent
redundant activity responsible for the intensely autolytic process of stratum
corneum formation. Nevertheless, although the definitive identification of the
proteases involved in corneodesmosome hydrolysis remains a challenge, the pio-
neering studies of Egelrud and others [34] have provided strong circumstantial
evidence that the enzyme stratum corneum chymotryptic enzyme (SCCE) plays a
critical role in desquamation. Protease inhibition studies have revealed similar
profiles for SCCE, corneodesmosome, and dsg1 degradation as well as corneo-
cyte release in vitro [35]. Moreover, immunolocalization studies demonstrate its
occurrence in lamellar bodies in the stratum granulosum and in the intercellular
spaces in the stratum corneum, localizations consistent with a role in desquama-
tion [36]. More recently we have shown that pro-SCCE resides in significant
amounts throughout the stratum corneum. This localization is exclusively to the
intercellular space and in association with the cornified envelope of the corneo-
cyte (Fig. 9). Interestingly, SCCE, the active protease, is found in the intercellular

Xerosis Normal
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FIGURE 8 Casein zymography of human stratum corneum extracts and re-
combinant SCCE. Samples of rSCCE and 1M NaCl extracts of human were
fractionated on 12% polyacrylamide gels containing 0.2% casein and ca-
seinolytic activity determined.

space but is also associated with desmosomal plaques and even in the corneocytes
themselves. From this it is speculated that pro-SCCE activation occurs within the
intercellular space, and the active SCCE slowly diffuses into the corneodesmoso-
mal compartment and into the cell, degrading the cadherin-binding proteins as it
does [37].

A potential causative factor in reduced corneodesmosomal degradation in
xerosis is a reduction in SCCE and other proteolytic activity. Although several
studies have been performed on SCCE and desquamation, precisely what changes
in enzyme activity occur in perturbed desquamation are still poorly understood.
Alternatively, extrinsic factors may lead to reduced enzyme activity. In soap-in-
duced xerosis we have shown a reduction in extractable SCCE activity from the
peripheral layers of the stratum corneum (Fig. 10). Nevertheless, immunoblotting
has revealed no apparent alteration in pro-SCCE levels between normal and soap-
induced dry skin, however there was a decrease in the levels of the active enzyme
and an apparent increase in the levels of an SCCE degradative fragment. This loss
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FIGURE 10 Stratum corneum chymotrypic enzyme activity levels in normal
and soap-induced dry skin.

in active SCCE was attributed to the action of the soap since in deeper layers
SCCE activity was unchanged. Moreover, the soap may be contributing to or ac-
celerating the degradation of the active enzyme.

In addition to the desquamatory proteases, glycosidases present within the
stratum corneum may be required for corneodesmosome degradation and desqua-
mation. Corneodesmosomal glycoproteins may require deglycosylation to depro-
tect the proteins, rendering them more susceptible to proteolysis [38]. However,
as yet no precise desquamatory glycosidase has been identified.

One consequence of xerosis is the potential exacerbation of the condition
due to localized inflammatory action. Indeed, water barrier disruption promotes
the synthesis and release of a range of proinflammatory cytokines, such as IL-1
and TNF, in the epidermis. In most cases, acute low level trauma probably does
not initiate an inflammatory reaction due to innate anti-inflammatory mecha-
nisms. Yet with chronic water barrier damage, such as in xerosis, there may be a
more marked release of pro-inflammatory cytokines. Consequently, phagocytotic
immune cells, especially the neutrophils, will be attracted into the xerotic site; on
arrival, the neutrophils will secrete leukocyte elastase, cathepsin G, proteinase 3,
and collagenase into the surrounding tissue, producing a protease burden on the
keratinocytes. Additionally, the hyperproliferative epidermal cells will contribute
to this protease burden by secretion and activation of a range of proteases such as
plasminogen activator and the matrix metalloproteases.

The front line of epidermal antiproteinase defence, especially protection
against antineutrophil elastase,is due to locally produced small proteinase in-
hibitors. Keratinocytes produce two low molecular weight protein protease in-
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hibitors, primarily directed against elastase, called elafin (a.k.a. skin-derived an-
tileukoprotease; SKALP) and secretory leukocyte protease inhibitor (SLPI) (a.k.a.
antileukoprotease). Neutrophil elastase protection is also provided by 1 antitrypsin
(a.k.a. 1 antiproteinase), derived from the plasma. Similarly, the proteases in-
volved in hyperproliferation/wound repair are controlled by epidermally produced
inhibitors; plasminogen activator inhibitors (PAI-1 and -2) and the tissue matrix
metalloproteinase inhibitors (TIMPs) are all synthesized within the epidermis.

In normal healthy epidermis, these protein protease inhibitors closely regu-
late protease activity, containing activity close to the cell producing the proteases.
In xerosis, however, it is possible that the inhibitors can become overwhelmed by
the protease burden, whether produced by epidermal cells or infiltrating phago-
cytes. The potential consequences of excessive protease activity are (1) cellular
damage, (2) pro-inflammatory cytokines release, and (3) premature degradation
of cell–cell linkages promoting cell mitogenesis. Xerotic proteolytic activity may
also potentially affect the sensory nerves innervating the epidermis, contributing
to pruritus and pain associated with the condition. Evidence that proteolytic ac-
tivity can contribute to the symptoms of xerosis comes from the effectiveness of
topical applications of transexamic acid and 1 antitrypsin as treatment for xerosis
[39].

3.5 Stratum Corneum Corneocyte Envelopes in
Normal and Dry Skin

As explained in Chapter 5 there are two morphological forms of corneocyte en-
velopes, namely, a fragile (CEf) and a rigid form (CEr). Deep within the stratum
corneum the corneocytes contain CE that are exclusively of the CEf type, where-
as as the corneocytes migrate up through the stratum corneum CEr are increas-
ingly formed. This maturation event, with the conversion of CEf to CEr, appears
to occur after the hydrolysis of filaggrin, indicating an association with or after
the formation of the stratum disjunctum. Quantification of envelope phenotype
following 3 weeks of exaggerated soap washing to induce a dry skin condition re-
veals a significant change in the CEr-to-CEf ratio (Fig. 11). The dramatic de-
crease in CEr indicates that the process of CE maturation is impaired in dry skin
compared with normal skin. The perturbation of CE maturation coincides with
the reduced hydrolysis of corneodesmosomes as revealed by staining intact cor-
neocytes with the dsc1 antibody. Soap-induced winter dry skin is also character-
ized by a significantly decreased activity of Tranglutaminase (TGase) activity,
throughout the SC layers examined. These results indicate that soap-induced dry
skin is associated with an altered and incomplete maturation of the CE, as indi-
cated by the increased proportion of CEf, and, although circumstantial, the corre-
sponding decrease in TGase activity is consistent with this enzyme playing a crit-
ical role in the process.
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FIGURE 11 Percentage distribution of rigid (CEr) and fragile (CEf) envelopes
recovered from normal (untreated) and soap-dried SC. Dry skin was generat-
ed on the volar forearm of six individuals by the exaggerated daily use of a
harsh soap bar for 3 weeks. The other forearm remained untreated through-
out this time and served as a control site. Samples of CE recovered after this
time were stained with TRITC and viewed under fluorescent microscope. The
proportion of the two envelope types were averaged following examination
of photographs taken from five separate fields/sample. *p < 0.05; **p <
0.001.

Perturbation of CE maturation is also evident in more serious skin patholo-
gies. In the hyperproliferative diseases such as psoriasis and ichthyoses the con-
ditions are characterized by an increase in the content of the immature CEf,
demonstrating further correlation of hyperproliferation with CE maturation.
These occur due to altered epidermal hyperproliferation and differentiation.
However, in some (e.g., lamellar ichthyosis) no TGase 1 activity is apparent.

In conclusion, however, regardless of the underlying mechanisms perturbed
in these conditions it is clear that reduced CE maturation and reduced cor-
neodesmosomal hydrolysis are common features of dry, flaky skin conditions.

3.6 Stratum Corneum Natural Moisturizing Factor

As already discussed by Harding and Scott [40], natural moisturizing factors
(NMF) are critically important for maintaining the hydration and flexibility of the
stratum corneum, and reduced NMF levels are implicated in the appearance and
persistence of dry skin conditions. A significant correlation exists between hydra-
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tion state of the SC and its amino acid content in elderly individuals with skin xe-
rosis [41], but is less clear in others [44]. Free amino acid levels have been re-
ported to decrease significantly in dry, scaly skin induced experimentally by
repetitive tape-stripping [43] or by surfactant damage [44].

In our own laboratory we have found that aged skin has intrinsically lower
NMF levels compared with young skin, and this reflects a general reduced syn-
thesis of profilaggrin. These conclusions are supported by electron microscopy
studies which indicate that a decreased number of keratohyalin granules [45], oc-
cupying a reduced volume within the cell, is found in senile xerosis. The decline
in NMF production appears to reflect the cumulative effects of actinic damage as
it was observed in SC recovered from the back of the hand (photodamaged), but
not from the inner aspect of the biceps (photoprotected). It is likely that in aged
skin, loss of NMF may become more pronounced as elderly individuals also
show an age-related decline in water barrier repair which may lead to increased
leaching of the water-soluble compounds from the surface layers [46].

Although decreased synthesis of profilaggrin and increased leaching from
surfactant-damaged skin [47] are undoubtedly major factors leading to decreased
levels of NMF in the superficial SC, the direct impact of sudden changes in envi-
ronmental humidity on NMF generation should not be ignored. As we have al-
ready described elsewhere, the hydrolysis of filaggrin is critically regulated by
the external relative humidity. The rapid decrease in environmental humidity and
temperature, commonly associated with the onset of winter xerosis, is likely to re-
sult in a transient but acute perturbation of filaggrin proteolysis, as the proteases
responsible are not fully activated. Similarly, a chronic perturbation in the effi-
ciency of filaggrin proteolysis due to frequent and rapid changes in environmen-
tal humidity is also likely to contribute to the poor skin condition prevalent in cer-
tain individuals who endure constantly changing humidity conditions (e.g., flight
attendants).

The classical, transient dry skin associated with newborn infants [48] can
also be explained by the delay in production of NMF as the SC slowly equili-
brates from the aqueous environment of the womb (where, of course, filaggrin, al-
though synthesized, is not hydrolyzed to the ambient external humidity when pro-
teolysis is initiated).

The dry flaky skin which characteristically appears several days after acute
UVB damage is NMF deficient [49]. Studies suggest that this reflects initial dam-
age to the granular layer and a subsequent decreased synthesis of profilaggrin,
rather than any dramatic loss of hydrolysis of existing filaggrin. Indeed the char-
acteristic skin flaking seen following UV damage can, under histological exami-
nation, be seen to occur through the layer of NMF-deficient corneocytes formed
prematurely during the initial UV insult. As we have described, many elements of
normal SC maturation are disrupted in xerosis, and increased NMF leaching from
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cornecytes may also occur due to parallel perturbations in lamellar granule syn-
thesis and associated damage to the water barrier [50].

An inability to retain water due to defective NMF production/retention will
of course not only impact the mechanical properties of the SC—a critical, and of-
ten overlooked role of water in the SC is in ensuring the activity of a variety of
hydrolytic enzymes involved in various aspects of SC maturation and desquama-
tion. When the tissue is desiccated a loss of intrinsic hydrolytic enzyme activity
leads to ineffective corneodesmosomal degradation and consequent skin scaling.

The various processes leading from profilaggrin synthesis to conversion to
filaggrin and then to NMF are under tight control. However, these controls are
perturbed in different ways by a range of factors including UV light, exposure to
surfactants, and, of course, changes in environmental humidity processes. These
very different causes can all lead to reduced NMF levels and contribute to the
complex phenomenon known as dry skin.

4 SUMMARY

A dry skin condition is the result of a range of environmental and pathological
factors that disrupt the normal epidermal differentiation and stratum corneum
maturation processes. It is a complex phenomenon involving several interdepen-
dent biochemical events in the stratum corneum. Morphologically, dry skin dif-
fers from normal due to a retention of corneodesmosomes in the peripheral
desquamating layers of the stratum corneum. This retention of corneodesmo-
somes is the cause of the skin flaking associated with the xerotic condition; the
abnormal retention of intercorneocyte links results in large clumps of corneocytes
breaking off, i.e., scale, as opposed to the imperceptible loss of single cells. In ad-
dition, degradation or disruption of the stratum corneum multiple lipid bilayers
occurs in several layers at the tissue periphery, rather than in the final desquamat-
ing layer. This results in a collapse of the bilayer structure to give a disorganized
lipid matrix, which may be due to an observed decrease in ceramide levels and in-
crease in fatty acid levels in peripheral layers of dry skin. Another component of
the stratum corneum intercellular region, the putative desquamatory enzyme,
SCCE, has been shown to be decreased in the outer layers of the stratum corneum
in dry skin. Finally, the perturbations that cause dry skin even affect the structure
of the corneocytes. We have similarly found aberrant maturation of the cornified
envelopes, with increases in the fragile morphology in dry skin. Also there is a
decrease in the production or proteolytic processing of filaggrin to produce the
natural moisturizing factors; decreased levels of these hydroscopic molecules will
result in a reduced ability to retain water within the tissue.

Each of these elements of stratum corneum maturation are crucial to the
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process as a whole. Hence, perturbation of one element is likely to have knock-on
effects to other aspects of maturation. As such, disruption of the lipid bilayers is
likely to allow greater leaching of the NMFs, reducing the water content of the
tissue. This in turn will reduce the activity of enzymes such as SCCE and TGase,
perturbing corneodesmosomal degradation and CE maturation, respectively. The
decreased water content will also reduce the elasticity of the corneocyte struc-
tures, increasing the likelihood of the skin cracking.

The most common cause of stratum corneum maturation disruption is the
affect of the environment and bathing habits. Some surfactants are known to ef-
fect the stratum corneum lipids and enzymes resulting in dry skin. However the
major contributor to xerosis is the environmental humidity. This regulates the wa-
ter content of the peripheral stratum corneum, influencing the enzymes involved
in the final stages of maturation and desquamation. It is this crucial requirement
of water in the peripheral stratum corneum that results in moisturizing agents still
being the most frequently used treatment for common dry skin.
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1 INTRODUCTION

Skin moisturization is a state of the surface of the skin, which is more often rec-
ognized by the individuals when moisturization is lacking, and when one has skin
conditions that can be called dry, very dry, rough, or even ichthyotic. The mois-
turization of the upper part of the skin is likely to be dictated by the presence of
lipids, water, urea, and other compounds. It can also be considered to be the con-
sequence of how well the outer envelope of the skin opposes the evaporation.
Several authors have undertaken to measure the water content of the outer surface
of the skin. Other authors have emphasized the importance of the so-called trans-
epidermal water loss (TEWL), expressed as grams of water per square meter per
hour. The capability of the skin to oppose water evaporation can be equated to its
capability to provide an overall barrier. The measure of TEWL provides informa-
tion on the changes in moisturization induced by a treatment, which does not af-
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fect the barrier, and on changes of the barrier properties induced by a treatment,
which does not affect moisturization.

Skin sensitivity is a self-assessed diagnosis of a physiological state that
lacks rigorous clinical definition, complete etiological analysis, and accurate di-
agnostic tools. This undesirable state of the skin is characterized by a disagree-
able feeling on the surface of the skin or by the observation of hyper-reactivity of
the skin when it is exposed to mild environmental conditions such as water, wool
fabrics, or cosmetics. According to Draelos [1], approximately 40% of the popu-
lation believes it possesses the characteristics of sensitive skin, as determined by
consumer marketing surveys. The characteristics of sensitive skin are the ones
felt when, in response to topical application of cosmetics and toiletries, stinging,
burning, pruritus, erythema, and desquamation are observed. Yet, as late as in
1997, Draelos noted, “Given the current incomplete knowledge of the sensitive
skin condition, it is impossible to arrive at a consensus regarding the definition
and origins of sensitive skin” [1].

The definitions of sensitive skin and of skin moisturization are partially
subjective, and different people do react differently to the feeling of dry skin. It
has been therefore particularly difficult to design experimental protocols and to
interpret the results of experiments in the field of skin sensitivity and moisturiza-
tion. These experiments are generally aimed at pointing out physiological and
molecular properties able to allow one to better understand the phenomenon of
sensitive skin. 

Skin sensitivity and skin dryness are also encountered in mature individu-
als, and questions have been asked about the correlation between the appearance
of skin sensitivity and the onset of those physiological phenomena that character-
ize aging in women. 

In this chapter we summarize some of the experimental results obtained in
this field and the interpretations that have been proposed.

2 TESTING METHODS

2.1 Testing for Sensitive Skin

Many tests are available to determine whether the sensitive behavior is the conse-
quence of specific skin conditions, such as rosacea, contact dermatitis, acne, and
dry skin, or the consequence of the etiologically undefined skin sensitivity of a
given population to topically applied compounds. Among these, we would like to
recall the cumulative irritancy test [2], repeat insult patch test [3], chamber scari-
fication test [4], and the soap chamber test [5]. All these tests are performed by
topical application of compounds after a penetration-enhancing treatment of the
skin.
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2.2 Testing for Skin Moisturization 

Instruments for measuring skin moisturization do exist. They measure the numer-
ical values of physical parameters of the surface of the skin which can somehow
be correlated to the content of water of the upper part of the epidermis and of the
stratum corneum. The dermal content of water can be assessed by nuclear mag-
netic resonance or by high frequency ultrasound [6], but these techniques hardly
provide information about the state of hydration of the surface. This can be as-
sessed by electrical devices able to measure the electrical impedance of the outer
part of the skin (less than 0.1 mm deep) [7] as it is understood that the conductiv-
ity increases with the content of water on the surface of the skin.  It has been re-
ported that these instruments do not provide consistent results [8] and have to be
calibrated with one another.

In addition to the direct measurement of the water concentration in the top
layers of the skin, some techniques allow for the evaluation of the indirect conse-
quence of the presence of water in the stratum corneum. Measurements of the pli-
ability of the horny layer in vivo using the gas bearing electrodynamometer [9]
have been shown to correlate directly with the water content of the stratum
corneum. The advantage of this technique is that it is not subjected to all the in-
terference known to affect the direct measurement of the water content of the skin
by conductimetry (presence of hydroxyl anions or metal cations, for example).

Interestingly enough, the measure of the amount of water molecules (in the
gaseous state) above the surface is in good correlation with the electrical mea-
surements. Indeed when the conductivity is low (low content of water in the out-
er surface of the skin), the TEWL is high.  It is thus not unreasonable to consider
that a high value of the concentrations of water above the skin is the consequence
of high concentrations of water below the surface (as in the case of an edema).
One could also conclude that high TEWL is associated with a poor skin barrier
function. If this conclusion holds, then one can suggest that a barrier unable to
keep the water inside will also be less efficient in maintaining molecules to which
we are continuously exposed out of the skin. Since environmental factors are of-
ten associate to phenomena of irritation or sensitivity, it might be interesting to
look for a correlation, if any, between barrier function and skin sensitivity. 

3 PROPERTIES OF SENSITIVE SKIN

Experiments performed in our laboratories have allowed us to recognize that
there is a negative correlation between the self-assessed sensitivity of the skin and
the barrier function of the skin of the same individuals, measured as susceptibili-
ty to respond to standard irritant treatment [10]. Observations were performed by
comparing the results obtained in two cohorts of volunteers, one of people esti-
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mating themselves as having nonsensitive skin, the other formed by people esti-
mating themselves to have sensitive skin. Female volunteers were included in the
studies, if they were in normal health, with no evidence for acute or chronic dis-
eases, including of course dermatologic and ophthalmologic problems. The test
sites were devoid of nevi, moles, scars, warts, sunburn, suntan, and active dermal
lesions. Pregnant or lactating women were not included in the study. The volun-
teers answered a questionnaire pertaining to the reactivity and sensitivity of their
skin and were then separated in two groups, sensitive and normal, according to
the answers to the questions in the questionnaire. On the day of the test, the vol-
unteers were instructed to refrain from applying any kind of product to the face.
All the tests took place in a controlled environment at 20°C +/– 1°C and 40% rel-
ative humidity.

3.1 Stripping and TEWL

In one experiment with about 100 volunteers per group, TEWL was measured on
the cheek for every other volunteer, then a sticky tape (Tesa, Rochester, NY) was
applied on the site, made to adhere with gentle strokes, and removed with an even
pulling. After measuring the TEWL in the stripped site, sticky tape was applied to
the same site and the operation repeated. In this way, the upper layers of the stra-
tum corneum were removed. The TEWL was measured after every stripping. The
average number of tape strippings necessary for doubling the TEWL was about
10 for the “sensitive skin” cohort and about 20 for the “nonsensitive skin” cohort.
The results are summarized in Fig. 1.

3.2 Stinging Test

Another experiment with two cohorts of about 40 volunteers each was performed
by randomly applying to the nasolabial fold on the two sides of the face equal vol-
umes of lactic acid (10% in phosphate buffered saline) or of saline alone. Reac-
tions (itching, burning, or stinging) were recorded 2.5 and 5 min after application.
The intensity of stinging was graded by the volunteers, as nil, mild, moderate, or
severe (scored as 0, 1, 2, or 3). The results indicated that the sting score upon lac-
tic acid challenge was 0 or 1 for more than 80% of the volunteers in the “nonsen-
sitive skin” group, whereas it was 2 or above 2, for 75% of the individuals in the
“sensitive skin” group. The results are plotted in Fig. 2.

3.3 Balsam of Peru and Blood Flow

In a third experiment, balsam of Peru, which provokes a nonimmunogenic imme-
diate contact urticaria, was applied to the skin of the cheek of the volunteers. The
blood flow was assessed before the application and at determined time intervals
after the application with a laser Doppler capillary blood flow detector. The aver-
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FIGURE 1 Trans-epidermal water loss versus stripping. Self-assessed sensi-
tive and nonsensitive individuals were stripped and the TEWL was mea-
sured. The graph plots the distribution of the number of strippings necessary
to double the TEWL in sensitive and nonsensitive individuals. (From Ref. 10.)

FIGURE 2 Sting score and sensitivity. Self-assessed sensitive and nonsensi-
tive individuals were exposed to lactic acid. The graph plots the distribution
of the sting score  in the two cohorts. (From Ref. 10.)

Reported Sensitive

Reported Nonsensitive

Reported sensitive

Reported Nonsensitive
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age time interval necessary for doubling blood flow in the skin was slightly short-
er in individuals with sensitive skin than in individuals with normal skin. The re-
sults are displayed in Fig. 3.

From these experiments it was concluded that skin sensitivity might be as-
sociated with impaired barrier function. An alternative possibility is that sensitive
skin is associated with specific neural response, which induces more severe pain
in the stinging test and slight edema upon stripping

4 CONDITIONS ASSOCIATED WITH SENSITIVE SKIN

4.1 Skin Sensitivity and Psychological Stress

Since there seems to be a relationship between a defective barrier and a sensitive
skin condition, it was reasonable to ask whether or not the sensitive skin condi-
tions observed on people under emotional stress are the consequence of an abnor-
mal barrier function. 

To answer that question we undertook a study to evaluate the role played by
acute stress on the barrier function of the skin. Twenty-seven university students
participated in a barrier recovery study. The study was organized during a period
of vacation and repeated during a period of examinations. The second period was
confirmed by an appropriate questionnaire to be more stressful than the vacation
period. Barrier function was disrupted by tape stripping until the TEWL was
about 20–30 g/m2/hr, and then was measured at 3, 6, and 24 hr poststripping. The

FIGURE 3 Time course of response to balsam of Peru. The distribution of the
time interval necessary to double blood flow upon application of balsam of
Peru is plotted for two cohorts of self-assessed sensitive and nonsensitive in-
dividuals. (From Ref. 10.)

Reported Sensitive

Reported Nonsensitive
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rate of change of TEWL was used as an indicator of the recovery of barrier func-
tion. The results indicate that the recovery of barrier function is more rapid in a
nonstressful than in a stressful situation. These results point out that psychologi-
cal stress plays a role on the kinetics of recovery of disrupted barrier [11].

4.2 Skin Sensitivity and Age

Data published in the literature indicate that skin sensitivity declares itself or in-
creases in the years of the onset of menopause [12]. This increase in sensitivity
cannot be attributed to the thickness of the stratum corneum, which is known not
to change with age [18]. It is not even the consequence of a change in skin thick-
ness, since in three groups of premenopausal, perimenopausal, and early post-
menopausal women, the average skin thickness did not change in a significative
way (2.28 +/– 0.39, 2.18 +/– 0.35, and 2.02 +/– 0.36 mm, respectively) [14]. It is
indeed known that skin becomes thinner in the years after the onset of menopause
[15]. Other authors have explored the percutaneous absorption of xenobiotics
such as hydrocortisone or testosterone on the forearm of pre- and postmenopausal
women [16] and in two groups of young and old men [17]. They did not observe
differences in the percutaneous absorption in the two groups of women [16], but
observed that permeation of hydrocortisone, benzoic acid, acetyl salicylic acid,
and caffeine were significantly lower in the group of old men [17]. They conclud-
ed: “It is a common misconception that older skin has a diminished barrier capac-
ity, and that percutaneous absorption is therefore greater” [16]. 

In a study performed in our laboratory, we have analyzed the TEWL of 223
women aged between 21 and 79. The results are reported in Table 1. From these
data it appears that the TEWL is low for young women, it increases by more than
25% for women in their maturity, and returns to lower values above the age of 50.
These data can be interpreted by saying that the older individuals have functional
barrier, as already suggested by the studies of Howard Maibach [16,17], whereas
women in their maturity have impaired barrier because they live a more stressful
life, in agreement with published data [11,18]. Thirty-eight out of the 223 panelists
reported themselves as having sensitive skin. Measurements of TEWL on these
“sensitive skin” panelists are reported in Table 2. It appears that in the age groups
between 31 and 50, the vast majority of the individual levels of TEWL are above
the average of each group (see Table 1). This allows one to conclude that sensitive
skin can be associated with high trans-epidermal water loss. 

5 DISCUSSION

Understanding the link between skin moisturization and skin sensitivity is of par-
ticular interest not only to the physiologist and the dermatologist, but also to the
supplier of skin care products for cosmetics. 
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Data collected in our and in other laboratories indicate that sensitive skin is
associated with increased TEWL, increased penetrability, and higher susceptibil-
ity to irritants. These parameters can be measured independently and, taken to-
gether, the data agree with the hypothesis that sensitive skin is a clinical state as-
sociated with impaired barrier function. The results of the stress/barrier repair
study add to our understanding and allow us to conclude that stress impairs skin
barrier, thus providing an explanation insofar as why many stressed individuals
claim to have sensitive skin.

TABLE 1 Trans-Epidermal Water Loss Versus Age

Age group Average TEWL S.E. S.D. N

21–25 7.95 0.96 2.89 9
26–30 7.60 0.57 2.14 14
31–35 9.98 0.55 2.93 28
36–40 9.67 0.59 3.18 29
41–45 9.46 0.51 2.94 33
46–50 9.09 0.45 2.71 36
51–55 7.88 0.50 2.46 24
56–60 7.10 0.54 2.84 27
61–65 6.43 0.66 2.11 10
66–79 7.20 0.63 2.27 13

Notes: A Group of 223 women participated in the study. TEWL was measured
with a Servomed EPI vaporimeter on the same region of the face (left jaw) for
all the panelists.
N, number of panelist in each age group; S.E., standard error of the mean;
S.D., standard deviation.

TABLE 2 Trans-Epidermal Water Loss and Sensitive Skin

Age group Individual TEWL Average TEWL

21–25
26–30 6.37, 6.57, 8.69, 7.03, 5.40 6.81
31–35 8.5, 12.33, 11.33, 13.77, 4.77, 15.0, 11.33, 5.1 10.2
36–40 12.33, 15.9, 14.21, 6.87, 10.0, 7.6 11.15
41–45 13, 6.4, 11.44, 6.33, 14.67, 9.77, 10.8, 8 10.05
46–50 8.97, 13.67, 9.33, 9.57, 10.33, 9.5, 10 10.19
51–55 11.33, 5
56–60 10
61–65
66–79 8.1
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When it comes to skin moisturization, not all the results published in the lit-
erature can be interpreted in such an unambiguous way. This is the consequence
of the nature of the experimental devices at hand. They allow one to measure
quantities that generally vary with more than one single variable. For instance,
conductivity values can be the consequence of more or less water on the surface
of the skin, or of more or less electrolytes in the same water content. Larger
TEWL values can be the consequence of worse barrier if moisturization is con-
stant, or of better moisturization if the barrier is constant. Paradoxically, the fact
that sensitive skin requires less tape stripping for achieving a predetermined val-
ue of TEWL could be interpreted by saying that the two types of skin have the
same barrier, but that sensitive skin is characterized by a higher state of water se-
cretion upon stripping than nonsensitive skin. This kind of paradoxical reasoning
can be carried out for all experiments in which quantities are measured that de-
pend on variables which cannot be varied or measured independently one at the
time. It is of concern here to point out that the lack of unambiguous wording adds
to the difficulty in interpreting results. When it comes to skin moisturization, dif-
ficulties are encountered because hydration is only one of the parameters playing
a role in moisturization; suppleness of the stratum corneum, smoothness of the
outer surface, and elasticity of the dermis are parameters which contribute to the
individual evaluation of one’s own skin moisturization.

The biochemical nature of the difference between sensitive and nonsensi-
tive skin is not yet understood. It is tempting to speculate that the relative amount
of lipid molecules participating in the build-up of the barrier might be different in
the two skin types. Preliminary experiments performed in our laboratory failed to
point out significative differences as far as total ethanol-extractable lipids are
concerned, as well as for squalene, free fatty acids, palmitate (16:0), palmitoleic
acid (16:1), oleic acid (18:1), and stearic acid (18:0) (unpublished).

The results reviewed in this chapter confirm the positive correlation be-
tween self-assessed skin sensitivity and increased trans-epidermal water loss. Cir-
cumstantial evidence justifies interpreting this correlation by concluding that skin
sensitivity is associated with impaired barrier function. Interestingly enough, this
correlation is particularly true for mature women. On the other hand, the question
concerning the impairment of barrier function with age remains open, and more
experimental work is needed before a clear-cut conclusion can be drawn.
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Photodamage and Dry Skin

James J. Leyden and Robert Lavker
University of Pennsylvania School of Medicine, 
Philadelphia, Pennsylvania

Over the past 40 years, considerable evidence has been accumulated from a wide
range of experimental studies in animals and humans to clearly indicate that ul-
traviolet radiation (UVR) from sun exposure has multiple profound effects on
skin. Both acute and chronic effects are well described [1]. Ultraviolet radiation is
responsible for skin cancer, photoaging, and photosensitivity diseases. In addi-
tion, profound immunological effects have been identified which account in part
for the beneficial effects of UVR in many diseases such as psoriasis, atopic der-
matitis, mycosis fungoid, and vitiligo.

Ultraviolet light is artificially divided into very short wave UVC (none cur-
rently reaches the earth’s surface), UVB (290 to 320 nm), and UVA, which is di-
vided into UVA II (320 to 340 nm) and UVA I (340 to 400 nm). Ultraviolet A
makes up approximately 95% of the UVR to which we are exposed. Until rela-
tively recently, the main focus of research had been directed toward UVB and its
role in cancer and immune modulation; UVB wavelengths are far more energetic
than UVA and clearly are the dominant factor in squamous cell formation and
play an important role in basal cell cancer. In the past decade, in vivo studies in
human volunteers have shown that repeated low doses of UVA II and I compa-
rable to those obtained during everyday activities can also have profound effects
in skin. Table 1 summarizes the work of many investigators and indicates all
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wavelengths have profound biological effects on all components and cell types
in skin.

1 EFFECTS OF PHOTODAMAGE

Photoaging and photodamage are terms used to describe the consequences of
chronic exposure to ultraviolet light. Cumulative injury results in a constellation
of histological and clinical findings (Table 2). Kligman first described the hall-
mark of chronically sun damaged skin viz. the accumulation of disorganized,
coarse bundles of fibers which stain like normal elastic tissue [2]. He coined the

TABLE 1 Relative Effects of UVA on Skin Components and 
Cell Types

UVA II UVA I

Stratum corneum thickness (dry skin) +++ +++
Epidermal thickness ++ ++
Apoptosis +++ +
Langerhans cell depletion +++ +
Damage to elastin ++ +++
Sebaceous gland hypertrophy ++ ++
Telangiectasias ++ ?

TABLE 2 Histological and Clinical Manifestations of Photoaging

Clinical signs

Stratum corneum thickening and
microfissures “Dry,” flaky rough skin

DNA damage to basal cells and
keratinocytes; dysplasia, neoplasia

Actinic keratosis; basal and
squamous cell cancer

Melanocytic hyperplasia, dysplasia Lentigos (age spots)
Epidermal inclusion cysts Milia
Follicular epithelial hyperkeratosis Solar comedones
Thickened, disorganized elastic fibers;

decrease collagen Wrinkling
Telangiectactic vessels; decrease in

papillary dermis Telangiectasis; sallowness
Sebaceous gland hypertrophy Sebaceous hypertrophy
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term elastosis to describe this material which replaced the normal mixture of col-
lagen, elastin, and glycosaminoglycans. In the 30 years since that seminal obser-
vation, a variety of clinical and histological changes have come to be associated
with chronic ultraviolet damage in skin. The clinical consequences of photodam-
age are responsible for the majority of undesired changes associated with aging
and so-called premature skin aging, the clinical and histological hallmarks of
photoaging [3].

1.1 Stratum Corneum

A prominent feature of photodamaged skin is a pronounced thickening of the stra-
tum corneum (Fig. 1). This thickening is the result of faulty degradation of stratum
corneum desmosomes. As the stratum corneum thickens, the outer layers become
somewhat dehydrated. As a result, the outer stratum corneum becomes stiffer and
microfissures develop (Fig. 2). Micro fissuring leads to clumps of stratum corneum
cells partially tearing away. These clumps of uplifted cells are visible as flaking
and feel rough to the touch. Many years ago, we inspected the skin of large num-
bers of individuals ranging from teenagers to those over 90. It is apparent, even in
teenagers, that the sun-exposed arms are rougher and often show flaking, clearly
different than sun-protected skin such as the upper inner forearm near the axilla.

1.2 Epidermis—Keratinocytes

Sun-exposed skin typically shows a thickened epidermis. This increase in the vi-
able epidermal compartment indicates a hyperproliferative state, possibly indicat-

FIGURE 1 A markedly thickened stratum corneum resulting from the hyper-
plastic response of the epidermis to chronic UVA injury. 



158 Leyden and Lavker

FIGURE 2 Microfissures develop as the thickened stratum corneum becomes
stiff and fractures. The skin appears flaky and feels rough as clumps of cells
uplift.

ing a chronic woundlike condition and a chronic attempt at repair. Epidermal DNA
damage can be seen in the form of dysplasia and basal and squamous cell carcino-
ma. Another histological hallmark of photodamage are so-called sunburn cells [4].
These cells show pyknotic nuclei and a necrotic, eosinophilic cytoplasm. These
cells are now referred to apoptotic cells, i.e., cells engaged in a programmed cell
death or suicide presumably because sufficient DNA damage has occurred.

In a more subtle fashion, DNA damage can be seen by use of a monoclonal
antibody to the p53 enzyme system—the so-called guardian of the genome. When
epidermal DNA is damaged this system is activated to initiate repair. Defects in
this system in the form of mutations lead to an increased risk for cancer. In addi-
tion to precancerous dysplasia and cancer, benign hyperproliferative lesions such
as seborrhoic keratosis can develop [5].

Recently, we have come to realize that epidermal inclusion cysts (milia)
may also be a sign of chronic ultraviolet damage. The index case was a 45-year-
old male with the basal cell nevis syndrome who had hundreds of milia on his
face without any history of dermabrasion or other resurfacing procedures. We ex-
amined more than 500 women who had previously been involved in clinical trials
for photodamage and found a high correlation between their photodamage grade
and the presence and number of milia. In that group, there were three women who
had numerous milia with mild photodamage. These women had siblings and/or
parents who also had large numbers of milia, suggesting a possible genetic factor.
Follicular epithelial retention hyperkeratosis and comedone formation is another
well-recognized feature of chronic photodamage.
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1.3 Epidermis—Melanocytes

Increased numbers of melanocytes and melanocytic hyperplasia resulting in solar
lentigos, age spots, and sunburn freckles are well-recognized consequences of
chronic ultraviolet damage. The role of ultraviolet light in melanoma remains un-
settled in terms of which wavelengths are involved and how central to melanoma
development UV is, but none doubt its importance.

1.4 Dermis—Matrix

A histological hallmark of photoaging is a replacement of the normal dermal ma-
trix of collagen, elastin, and glycosaminoglycans by large bundles of coarse elas-
tic fibers and decreased collagen. The clinical consequence of elastosis is pro-
nounced wrinkling and in advanced cases a yellowish cobblestone appearance
associated with pronounced sagging. This process is often accompanied by a
brisk neutophilic infiltrate which often can be appreciated clinically and is re-
ferred to as heliodermatitis or dermatoheliosis [6]. Neutrophil elastases may play
a prominent role in damage to elastin and the subsequent wrinkling or sagging.
The role of UV in the degeneration of surrounding collagen is now more fully un-
derstood and is the consequence of both UVA and UVB and the effect of ultravi-
olet light increasing the activity of metalloproteinases [7]. This family of 14 dif-
ferent proteinases can act on a broad range of substrates and can be activated in
vivo by a single exposure to UV. The mechanism(s) of elastosis remain unclear.
The major consequence of these changes in the dermal matrix is wrinkling. Wrin-
kles don’t have a histological marker but rather can be best thought of as stress
fractures from material which has aged. The radiating quality of wrinkles is simi-
lar to that seen in materials such as buildings and bridges. With more pronounced
changes, skin “settles,” which is seen clinically as sagging.

1.5 Dermis—Vasculature

Two changes can occur. Some patients show loss of the papillary plexus, flatten-
ing of the rete ridges, and loss of the papillary dermis. Clinically, these individu-
als have a sallow washed-out appearance. The other finding is that of a prolifera-
tive response producing dilated, enlarged vessels in the papillary and mid-dermis.
Clinically, these are seen as telangiectasis.

1.6 Dermis—Sebaceous Gland

Sebaceous gland enlargement is another feature of chronic ultraviolet damage.
Clinically, this can be seen as small, yellowish nodules or in more advanced cas-
es as a thick, coarsening of skin with large, dilated follicular openings from which
sebaceous material can be squeezed out.
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TABLE 3 Surface Texture in Sun-Exposed and -Protected Skin

Exposed Protected

Young (mean 29) 15 ± 6 5 ± 3
Middle age (mean 45) 40 ± 10 10 ± 6
Older (mean 65) 65 ± 13 30 ± 7

Note: Visual analog score 0 = none; 100 = very severe “dry skin.”

2 VULNERABLE PHENOTYPES

It has been known for many years that fair skinned individuals, particularly those
of Celtic ancestry, are particularly vulnerable to the acute adverse effects of ultra-
violet light, i.e., sunburn. More recently, we have come to realize that there is a
phenotype who appears to be more vulnerable to the chronic adverse effects of
UV. These individuals have red hair, blue eyes, and have a Celtic background, but
have the ability to tan often fairly deeply, after suffering initial burning. Typical-
ly, they have a very fair Celtic parent who burns and tans little or not at all, while
the other parent tans easily and rarely burns. The vulnerable offspring is able to
sustain more exposure because their tan prevents burning. Usually, these individ-
uals are infrequent users of high-SPF sunscreens and pride themselves on their
ability to tan while family members can’t. These individuals develop dry skin, a
leathery wrinkling, and pigmentary changes at a relatively early age (late 20s to
early 30s) and by their mid-40s they tend to look older and are extremely unhap-
py.

“Dry skin” is a prominent feature of actinically damaged skin. It is such a
prominent feature that the lay public has, with the help of many cosmetic compa-
nies, come to view dry skin as the causative agent for other signs of photodam-
age, most notably wrinkling. As is detailed in other chapters, dry skin is really an
abnormally thickened stratum corneum which becomes stiff and cracks. The re-
sulting uplifted clumps of cells become visible as flakes and skin develops a
rough texture.

3 SKIN TEXTURE IN EXPOSED AND 
PROTECTED SITES

Some years ago, we examined a large number of people ranging from 11 to 70
years in age. The outer, exposed area of both forearms and the upper inner, sun-
protected arm were graded using a visual analog scale. The results are summa-
rized in Table 3. In all age groups the exposed sites clearly were rougher to touch,
and visible differences were also common. Even in teenagers and young adults,
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TABLE 4 Effect of Repetitive Ultraviolet Light Exposure

Stratum corneum thickness

25 doses of 20 J/cm2 UVA (0.5 MED) 15.0 ± 0.7
25 doses of UVB (0.5 MED) 11.8 ± 0.9
9 doses of 35 J UVA 13.2 ± 0.6

the exposed areas were clearly drier. The magnitude of dryness in general paral-
leled other signs of photodamage such as freckling and other forms of melanocyte
damage as well as wrinkling in the older age groups. In the teenagers and those in
their 20s, while there was a definite difference in exposed and protected skin, the
patient was typically unaware of the difference.

In sun-protected skin, there was an increase in “dryness” associated with
age, and texture changes are a recognized change associated with the process of
biological aging. It was striking, however, to note that the mean dryness score for
the older group (mean age of 65) was significantly lower than the sun-exposed
sites for middle-aged individuals (mean age 45). These findings suggest that
chronic sun damage may be a more important factor in the pathophysiology of
dry skin than is the inherent process of biological aging.

4 EFFECT OF REPEATED UV EXPOSURE ON THE
STRATUM CORNEUM

In a series of studies, Lavker et al. as well as Lowe have defined the effects of
UVB, UVA I, and UVA II in the stratum corneum of humans [8–11]. In their first
study, repeated exposures of 0.5 MED of UVB or UVA produced thickening of
the stratum corneum (Table 4). Previous work had shown this effect for UVB, but
not for UVA. More surprisingly, the effect of repeated low-dose UVA was greater
than that found with UVB. In a subsequent study, they showed that UVA I
(340–400 nm) was as effective as the entire UVA band (320–400 nm) for a battery
of markers of damage. Subsequently, the wavelength dependence for UVA-in-
duced cumulative damage was investigated. The UVA wavelengths between 320
and 345 nm were more effective than longer (360–400 nm) wavelengths for epi-
dermal and stratum corneum thickening (Table 4). All UVA bands were equally
effective in inducing dermal changes. These results clearly implicate chronic
damage by UVA as a major factor in the pathophysiology of dry skin. The impli-
cations for broad UV protection are clear. As few as nine exposures of UVA result
in stratum corneum thickening.
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In studies in which the biological effectiveness of various bands within the
UVA spectrum were compared for the effects of cumulative damage, both the
shorter UVA II wavelengths and longer UVA I are found to be responsible for
stratum corneum thickening. Thus at equivalent suberythematogenic doses, UVA
appears to be more effective than UVB in inducing stratum corneum thickening.
The findings of Lavker et al. suggest that cumulative doses greater than 315 J/cm2

result in stratum corneum thickening.
It is important to note that the doses of UVA used in these experiments are

relative to daily exposure for many people. A few hours exposure will permit ac-
cumulation of comparable doses of UVA.

Recent evidence accumulating from a variety of phenotypes of dry skin
such as seen in atopic dermatitis, inherited metabolic disorders, and detergent-
chapped skin all point to a disturbance in the balance of intracellular lipids of the
stratum corneum.

Permeability barrier function and orderly corneocyte desquamation require
the organization of three nonpolar lipids, ceramides, free fatty acids, and choles-
terol into extracellular lamellar membrane structure within the intercellular
spaces of the stratum corneum. These lipids are delivered through the secretion of
epidermal lamellar bodies. Although present in approximately equimolar ratios,
ceramide predominates by weight, accounting for approximately 50%. In addi-
tion, lamellar bodies secrete hydrolytic lipid hydrolases such as β-glucocerebrosi-
dase and secretory phospholipase, which process glucosylceramide, phospho-
lipids, ceramide, and free fatty acids. Sphingomyelin is another source of
ceramide through hydrolysis by sphingomyelinase. In Gaucher’s disease, defi-
ciency in β-glucocerebrosidase is associated with dry skin and defective stratum
corneum function [12]. Likewise in Niemann–Pick disease deficiency in acid-
sphingomyelinase is associated with similar findings [13]. In atopic dermatitis,
there is abnormal expression of sphingomyelin deacylase, resulting in decreased
levels of ceramide by competing for glucocerebroside and sphingomyelin [14].
The result is abnormal stratum corneum in terms of barrier and desquamation.
Chronic exposure to detergents results in extraction of intracellular lipids and the
formation of dry skin [15]. In all of these studies, the final pathway points to a de-
crease in ceramides, particularly ceramide 1. Ceramide 1 is rich in linoleic acid
and is believed to play an important role in regulating water content. Decrease in
this capacity may play a crucial role in the desquamation process. In hereditary
icthyosis a deficiency of cholesterol sulfatase results in an extreme expression of
abnormal desquamation viz. severely thickened stratum corneum.

The mechanisms by which repeated low-dose UVB and UVA induce abnor-
mal desquamation are unknown. In recent studies (R Lavker, unpublished obser-
vations) using a monoclonal antibody to lamellar bodies, an increase secretion of
these lamellae was found. Any molecular or biochemical aberrations remain to be
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elucidated. However, it is likely that an abnormality in one or more pathways
leading to ceramide formation may be involved in UVR-induced dry skin.

Another possible pathway that may play a role in UVR-induced dry skin
could involve the recently described mitochondrial DNA (mt DNA) mutations
[16]. Such mutations have been linked with other chronic degenerative diseases
such as Alzheimer’s, progressive external opthalmoplegia, and Keans–Sayre syn-
drome. In addition, mitochondrial DNA mutations have been proposed to play a
role in the biological process of aging.

Higher mutation frequency of mt DNA has been found in chronically sun-
exposed skin, and more recent work has established a direct link between UVA
radiation–induced oxidative stress and the most frequent mt DNA mutation [17].
This interesting story is currently viewed as most relevant to dermal fibroblast
and dermal matrix changes. However, the possibility of such changes playing a
role in epidermal changes remains a possibility.

Current evidence developed over the last 10 years clearly implicates chron-
ic ultraviolet damage as a key factor in the development of dry skin. Both UVB
and UVA are implicated, with the latter probably the more important causative
factor. Studies indicate that cumulative low-dose UVB and UVA induce stratum
corneum changes after as few as nine exposures. While the skin possesses capa-
bility to repair UV damage—best seen in the photodamage mouse model—the
accumulation of UV damage clearly overwhelms repair mechanisms. Even in
young adults, the clinical consequences of chronic UV damage can be appreciat-
ed. The implications for prevention are clear—broad spectrum UV protection,
possibly in combination with blends of anti-oxidants to mute oxidative stress not
prevented by UV-absorbing agents.
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1 ATOPIC DERMATITIS

Widespread regions of dry itchy skin is one of the prominent clinical features of
atopic dermatitis [1]. The intense itch is the most characteristic feature of this dis-
ease, and the consequences include scratching and eczematous lesions, as illus-
trated in Figure 1. Scratching can lead to disruption of the stratum corneum and
infection. This disease is generally associated with asthma, allergic rhinitis, and
elevated levels of IgE. There is frequently a family history of atopic dermatitis,
indicating a genetic component in the etiology of the disease. All of these factors
are taken into account in arriving at a clinical diagnosis.

The onset of atopic dermatitis most frequently occurs during the first year
of life, and most cases become evident before age 5 [2]. Only rarely is there an
adult onset. In most patients atopic dermatitis spontaneously resolves by about
age 20, although it can be a lifelong disease. Adults who have been atopic often
have unusually sensitive skin.

The differentiation process in atopic epidermis is notably altered. At a his-
tologic level the intercellular spaces in the viable portion of the atopic epidermis
appear to be swollen with fluid, and the spinous layer is thickened. In the vicinity
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of eczematous lesions mononuclear cells are present within the viable epidermis,
and the stratum corneum may be parakeratotic. In such areas the dermis becomes
infiltrated mainly with lymphocytes. The altered keratinization process evident in
the histopathology leads ultimately to altered stratum corneum lipid composition
and possibly to reduced production of natural moisturizing factor in the stratum
corneum. Both of these alterations could contribute to the dry skin of the atopic.

2 STRATUM CORNEUM LIPIDS

The dry skin of individuals with atopic dermatitis displays impaired barrier func-
tion as indicated by increased trans-epidermal water loss [3,4], illustrated in Fig-
ure 2, and diminished water-holding properties [5]. Both of these biophysical
anomalies can be related to altered composition of the lipids of the stratum
corneum [6–8]. While not the primary defect, the impaired barrier function and
surface roughness associated with dryness may render the skin more susceptible
to irritation.

The lipids found in normal stratum corneum consist mainly of a series of
ceramides, cholesterol, and fatty acids, with small proportions of cholesterol sul-
fate and cholesterol esters [9–11]. Representative structures of the major lipids
from human stratum corneum are given in Figure 3 [3,13–17]. This lipid mixture
is biologically unusual in that it does not include phospholipids, which are the

FIGURE 1 An infant with active atopic dermatitis. Note the eczematous le-
sions on the chin and cheek.
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FIGURE 2 Trans-epidermal water loss (TEWL) from healthy subjects and
from uninvolved skin of atopic patients with and without active lesions.
Trans-epidermal water loss is not significantly different between healthy and
uninvolved skin of atopic patients without active lesions; however, it is sig-
nificantly elevated in uninvolved skin of atopic patients with active lesions.
(Based on data from Ref. 4.)

major components of most biological membrane systems. It is thought that this
unusual lipid mixture was selected by the forces of evolution to produce a rela-
tively impermeable protective barrier that was sufficiently flexible to permit
movement [11]. The development of such a protective layer was a critical step in
the evolution of life on dry land [18].

2.1 Ceramides

Historically, ceramides were first identified as polar lipids of the stratum corneum
by Nicolaides [19]. Later, Gray and White [20] showed that the ceramides and
precursor glucosylceramides were structurally heterogeneous. They identified
normal fatty acids and α-hydroxyacids as well as sphingosine and phytosphingo-
sine as components of the epidermal sphingolipids. They also identified one glu-
cosylceramide which contained ester-linked linoleic acid and an unusual amide-
linked hydroxyacid that was subsequently shown to be an ω-hydroxyacid. The
structures of the ceramides from pig epidermis were then determined [12]. These
consisted of six chromatographically separable fractions. The least polar of these
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was designated ceramide 1, or acylceramide. This contains the ω-hydroxyacid,
originally noted by Gray and White [20], amide-linked to a mixture of sphingo-
sine and dihydrosphingosine bases with linoleic acid ester-linked to the ω-hy-
droxyl group. The next fraction, ceramide 2, consists of long, mostly 24- through
28-carbon, normal fatty acids amide-linked to sphingosine bases. Ceramide 3
contains the same long chain, normal fatty acids found in ceramide 2 but amide-
linked to phytosphingosines: Ceramides 4 and 5 both contain α-hydroxyacids

FIGURE 3 Representative structures of the major lipids from human stratum
corneum. (From Refs. 9 and 13–17).
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amide-linked to a mixture of sphingosines and dihydrosphingosines. They differ
in that the chromatographically more mobile ceramide 4 contains mainly 24-
through 28-carbon hydroxyacids, whereas ceramide 5 contains mostly α-hy-
droxypalmitic acid. The most polar of the porcine ceramides, ceramide 6, consists
of α-hydroxyacids amide-linked to phytosphingosines.

Subsequently, covalently bound lipids on the outer surface of the cornified
envelope were identified in porcine [21] and human [22] stratum corneum. These
consist primarily of an ω-hydroxyceramide related to ceramide 1 along with
smaller amounts of free fatty acids and free ω-hydroxyacids. It was proposed that
this layer of covalently bound lipid on the outer surface of the cornified envelope
may provide a template on which the free intercellular lipids spread and which
may play an important role in organization of the intercellular lipids.

All of the ceramides identified in porcine stratum corneum, including the
covalently bound hydroxyceramide, were subsequently identified among the hu-
man stratum corneum lipids [13,22]. In the human, a second covalently bound
hydroxyceramide was also present which had an extra hydroxyl group on the long
chain base component but was not a simple phytosphingosine [22]. This subse-
quently was shown to be 6-hydroxysphingosine [14]. The identification of this
new long chain base led to the discovery of three new components among the free
ceramides [14,15]. One of these contains normal fatty acids amide-linked to 6-hy-
droxyceramide. A second consists of α-hydroxyacids amide-linked to 6-hydroxy-
sphingosine, and there is a minor amount of a ceramide analogous to ceramide 1
but containing 6-hydroxyceramide as the base component.

2.2 Ceramide Nomenclature

With the initially studied ceramides from porcine epidermis, nomenclature was
analogous to the chromatographic separation with one ceramide structural type
corresponding to each chromatographic fraction [12]. Numerous investigators
have used this system and it is still in use.

When human stratum corneum ceramides were first subjected to analysis
by thin layer chromatography using the same development regimen used to re-
solve the porcine ceramides, a similar but somewhat different chromatographic
profile was obtained [13]. Fractions chromatographically identical to porcine ce-
ramides 1, 2, and 3 were present and were named accordingly. A single broad
band found in the region of the chromatogram corresponding to pig ceramides 4
and 5 was labeled ceramide 4/5. Material corresponding in chromatographic mo-
bility to pig ceramide 6 split into an incompletely resolved doublet, the compo-
nents of which were labeled as ceramide 6I and ceramide 6II. This system of ce-
ramide nomenclature has been used in a number of reports. It is now recognized
that in the human, the fraction originally labeled ceramide 3 actually contains, in
addition to the normal fatty acid–phytosphingosine conjugate analogous to ce-
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TABLE 1 Ceramide Fractions and Identities

Porcine Human

Chromatographic
fraction

Motta (16)
nomenclature

Chromatographic
fraction

Motta (16)
nomenclature

1 CER EOS 1 CER EOS
2 CER NS 2 CER NS
3 CER NP 3 CERs EOH + NP
4 CER ASa 4/5 CERs AS + NH
5 CER ASa 6I CER AH
6 CER AP 6II CER AP

aCER AS in porcine fraction 4 contains 24- through 28-carbon α-hydroxyacids, where-
as CER AS in fraction 5 contains almost exclusively α-hydroxypalmitic acid.
Source: Based on Refs. 11–14 and 20.

ramide 3 in the pig, a small proportion of a ceramide analogous to pig ceramide 1
but containing 6-hydroxysphingosine as the base component. Ceramide 4/5 con-
tains in addition to α-hydroxyacid-sphingosines the ceramide consisting of nor-
mal fatty acids conjugated to 6-hydroxysphingosine; and ceramide 6I consists of
α-hydroxyacids amide-linked to 6-hydroxyceramide.

Given the diversity of ceramide structures and the differences between the
human and porcine ceramides a nomenclature system based on structure rather
than chromatographic mobility has been proposed by Motta [16]. In this system
ceramides are designated, in general, as CER FB, where F indicates the type of
amide linked fatty acid and B indicates the base. When an ester-linked fatty acid
is also present a prefix of E is added, as in CER EFB. Normal fatty acids, α-hy-
droxyacids, and ω-hydroxyacids are indicated by N, A, and O, respectively, and
sphingosines, phytosphingosines, and 6-hydroxysphingosine are indicated by S,
P, and H. Within this system, ceramide 1, for example, becomes CER EOS. Ce-
ramide 2 is CER NS, and so on. Table 1 summarizes the corresponding chro-
matographic fractions and names according to the Motta system.

2.3 Free Fatty Acids

In both the pig and human stratum corneum the major free fatty acids are straight-
chained saturated species of 20 through 28 carbons [17,23]. In the human, fatty
acids derived from sebaceous triglycerides can confound fatty acid analysis [24];
however, the sebaceous fatty acids are mainly 16 and 18 carbons long, with
C16:1∆6 being the most abundant [25]. The free fatty acids along with a minor
amount of cholesterol sulfate are the only ionizable lipids in the stratum corneum,



171Atopic Dermatitis

and it has been suggested that this is important for the formation of a lamellar
phase [24].

2.4 Cholesterol and Derivatives

Cholesterol is a major lipid component and the sole sterol in both porcine and hu-
man stratum corneum [17]. Cholesterol sulfate is a minor stratum corneum com-
ponent, but it has been implicated in the regulation of desquamation. Both with an
organ culture model and with human skin in vivo, it has been demonstrated that
hydrolysis of cholesterol sulfate accompanies the desquamation process while all
other lipids survive cell shedding intact [13,26]. In addition, there is a genetic dis-
ease, recessive X-linked ichthyosis, in which the sulfatase that would normally
hydrolyze cholesterol sulfate is defective [27] and cholesterol sulfate is present at
abnormally high levels in the stratum corneum and elsewhere [28]. In this disease
desquamation does not proceed normally and the skin surface can become rough
and scaly. Degradation of the desmosomes between corneocytes is a necessary
step leading to desquamation, and several serine proteases have been implicated.
It has been suggested that hydrolysis of cholesterol sulfate may be required to
permit proteolysis of the desmosomes [29], and recently it has been demonstrated
that cholesterol sulfate is a serine protease inhibitor [30–32]. Cholesterol esters
have been considered a marker of keratinization [33]. The principal fatty acid
found in epidermal cholesterol esters is oleate [23]. Cholesterol esters are not
themselves membrane-forming lipids and are generally not well incorporated into
membranes formed from other lipids. It has been suggested the cholesterol esters
phase separate from other lipids within the intercellular spaces of the stratum
corneum. This could provide a mechanism for keeping oleate, a known perme-
ability enhancer [34], out of the membrane domains, thereby preserving barrier
function [11,24].

2.5 Phase Behavior and Organization

All of the ceramides and free fatty acids in epidermal stratum corneum are rodlike
or cylindrical in shape, which makes them ideal for the formation of highly or-
dered gel phase membrane domains [11,24]. Cholesterol is capable of either de-
creasing or increasing the fluidity of membranes, depending upon the proportions
and natures of the other lipids. It has been suggested that cholesterol serves to
provide a degree of plasticity to what would otherwise be highly rigid and possi-
bly brittle membranes. In this view the ceramides and fatty acids are essential for
the barrier function of the skin, and the cholesterol is required to permit flexing
without cracking the stratum corneum. A model that has been advanced and that
is consistent with these suggestions is the domain mosaic model [35]. In this
model the intercellular lamellae consist of gel phase domains within a continuous
liquid crystalline domain. Molecules crossing these membranes would penetrate
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through the more fluid liquid crystalline domains more readily than through the
gel phase, and the greatest flux would occur at the phase boundaries.

Examination of stratum corneum by transmission electron microscopy fol-
lowing treatment with ruthenium tetroxide has revealed that the number of lamel-
lae across the intercellular space varies widely, but in most regions there are mul-
tiples of three lamellae with a broad–narrow–broad spacing [36,37]. The overall
thickness of one broad–narrow–broad unit is 13 nm [36]. This lamellar spacing
has also been confirmed by x-ray diffraction [38]. Near the ends of the corneo-
cytes there is frequently one broad–narrow–broad unit. It has been proposed that
this consists of the covalently bound lipid layers on either side of the intercellular
space with an intervening layer formed by eversion of the sphingosine tails of the
hydroxyceramides [11,24]. Some of the spaces would be filled by free lipid. In
this model, the central narrow lamella is highly interdigitated and serves to effec-
tively link adjacent corneocytes at their ends. Between the broad flat surfaces
there are generally six or more lamellae, and it is thought that the linoleate-con-
taining acylceramide (ceramide 1, CER EOS) plays an essential role in formation
of the lamellar arrangements with six bands and higher multiples of three. In the
six-band pattern it is thought that there is a central pair of bilayers that are linked
together through the action of acylceramide. The ω-hydroxyacyl portion of the
molecule is thought to span one bilayer, while the linoleate tail inserts into the
second bilayer. On either side of the intercellular space is the covalently bound
lipid, and between the central pair of bilayers are narrow lamellae that are thought
to contain sphingosine chains from the covalently bound hydroxyceramides and
linoleate chains from acylceramides in the central pair of bilayers. In accord with
this proposed role for acylceramide a 13-nm lamellar phase has been reconstitut-
ed from extracted stratum corneum lipid and appears to require acylceramide
[38]. It should be noted that the interactions of the covalently bound lipids and
acylceramides link adjacent corneocytes in the vertical direction.

3 STRATUM CORNEUM LIPIDS IN ATOPIC DRY SKIN

Based on similarities between atopic dry skin and experimental essential fatty
acid deficiency, Melnik et al. [39] investigated the ceramide content of atopic dry
skin compared to age- and gender-matched normal controls. The skin in essential
fatty acid–deficient animals, like that in atopic dermatitis patients, is rough and
dry and displays increased trans-epidermal water loss [40]. Ceramide proportions
and structures are known to be altered as essential fatty acid deficiency develops
[41,42]. It was found that the proportion of total ceramides is significantly lower
in the stratum corneum of atopic subjects [39]. A subsequent more-detailed study
demonstrated reduced total ceramides in both lumbar and plantar stratum
corneum in atopic subjects [43]. In addition, the proportion of free fatty acids was
reduced in the lumbar stratum corneum and nails of the atopic subjects, but not in
the plantar stratum corneum. In the nails there was a lower level of ceramides in
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atopics compared to controls, but the difference did not achieve statistical signif-
icance. No significant differences were seen between the atopic subjects com-
pared to normal controls in the levels of cholesterol sulfate or of several seba-
ceous lipids. Cholesterol was not analyzed. It was suggested that alteration of the
keratinization process leading to impaired ceramide synthesis may underlie
atopic dry skin and increased trans-epidermal water loss in atopic dermatitis pa-
tients.

A more recent study by Yamamoto et al. [44] examined six chromatograph-
ically separable fractions of ceramides collected from the volar forearms of atopic
subjects and normal control subjects. This study demonstrated that proportions of
acylceramide were significantly reduced in atopic subjects compared to controls.
No other differences in ceramide proportions were noted; however, it should be
pointed out that although six fractions were reported, several pairs of fractions
were incompletely resolved on the chromatograms precluding their accurate
quantitation. Acylceramide fractions were isolated from the atopic and control
subjects, and the compositions of the ester-linked fatty acids were determined by
gas–liquid chromatography and compared. The only significant difference that
was found was a higher proportion of C18:1 in the acylceramide from atopic sub-
jects. Interestingly, in essential fatty acid deficiency the proportion of oleic acid in
the acylceramide does increase; however, it does so at the expense of linoleic
acid. In the case of atopic dermatitis there appears to be nonspecific replacement
of ester-linked fatty acids.

The finding that atopic dry skin has a reduced proportion of acylceramide
was confirmed by Matsumoto et al. [45], and it was found that “normal” regions
of skin on atopic subjects had a ceramide profile that did not significantly differ
from that found for control subjects.

In another recent study, it was confirmed that the amount of acylceramide
per unit weight of stratum corneum was lower in atopic dermatitis patients with
active lesions than in control subjects [4]. In this study the levels of ceramide
fractions 2 and 3 as well as cholesterol sulfate were also found to be lower. In ad-
dition the total ceramide-to-cholesterol ratio was lower in atopic skin compared
to normal controls. This suggests that the stratum corneum lipid anomalies may
correlate with the severity of disease.

The total ceramide content of atopic stratum corneum from several studies
is summarized in Figure 4. The reduced ceramide content of atopic stratum
corneum may, at least in part, reflect increased activity of sphingomyelin deacy-
lase in the viable portion of the epidermis [46].

4 MANAGEMENT OF DRY SKIN IN 
ATOPIC DERMATITIS

Dry skin reflects lower water content at the skin surface which is assessed either
by measurement of conductance or capacitance of the skin surface [1]. Studies
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FIGURE 4 Ceramide content of stratum corneum from atopic subjects. (A)
Sole [43]; (B) lumbar skin [43]; (C) volar forearm [45]; (D) volar forearm of
atopic subjects without active lesions [4]; (E) volar forearm of subjects with
active lesions [4].

have implicated both stratum corneum lipids [6–8] and amino acids [47–49] in
the water-holding capacity of the skin. The free amino acids in the stratum
corneum are produced primarily from degradation of filaggrin [49], and the con-
centration of free amino acids within corneocytes is approximately 2M, which
produces a high osmotic strength and thereby provides a strong humectant effect.
Sebaceous lipid is not a factor in holding water within the stratum corneum in
young children since sebum production is very low prior to the onset of puberty
[50]. The possibility that sebum may help to trap moisture at the skin surface in
postpubertal individuals cannot be ruled out, although one study found no link
between sebum secretion rate and xerosis in an elderly population [51].

There is no cure for atopic dermatitis, and therapy consists of addressing
the symptoms on an empirical basis. A traditional standard treatment for the dry
skin is frequent bathing without soap followed by application of a water-trapping
agent. Two of the most commonly used trapping agents are petrolatum and min-
eral oil. A variety of emollients, or moisturizing creams and lotions, have been de-
veloped for the management of atopic dry skin [52], but no one topical formula-
tion emerges as superior to others.

More recently a moisturizer cream containing canola oil and a canola frac-
tion enriched in sterols and 5% urea has been tested on the dry skin of atopic sub-
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jects [53]. Overall, after twice daily treatment for 20 days subjects showed in-
creased water content as judged by skin capacitance and improved barrier func-
tion as indicated by decreased trans-epidermal water loss. The subjects also be-
came less susceptible to irritation by sodium dodecyl sulfate. In another recent
study, it was found that after a mineral oil–based moisturizer containing glycerol
and several humectants had been applied twice daily to atopic dry skin for 5 con-
secutive days there was substantially increased high-frequency conductance, in-
dicating increased water content, that persisted for several days after the cessation
of moisturizer application [54]. Interestingly, the treatment had no effect on trans-
epidermal water loss.

A second approach to treatment of atopic dermatitis is the use of topical
steroids [55]. During times of flaring a mid-strength anti-inflammatory steroid
ointment should be applied within 3 min after bathing for best results. This should
be done twice daily. Corticosteroids represent the only medication proven to be
effective for management of atopic dermatitis.

A reasonable therapeutic strategy would be to attempt to normalize the de-
fective lipid and humectant components of the xerotic stratum corneum; howev-
er, most approaches to date have mainly relied upon providing a variety of topical
humectants in a water-trapping vehicle. The more detailed knowledge of the na-
ture of the lipid defects associated with atopic dry skin should make it possible to
arrive at formulations that would normalize this aspect of the stratum corneum.
The increased commercial availability of different types of ceramides [56] should
also facilitate this approach. In fact, it has been shown that topically applied lipid
mixtures can accelerate barrier recovery after barrier disruption by different
means, and this effect depends upon the proportions of the lipids in the formula-
tion [57]. More research is necessary on the free amino acids in stratum corneum
of atopic subjects before it could become possible to exploit this area therapeuti-
cally.
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Psoriasis and Ichthyoses
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1 INTRODUCTION

Dramatic changes in epidermal differentiation and stratum corneum structure and
function occur in psoriasis and in the ichthyoses. In this chapter the differences in
epidermal structure, composition, and function will be discussed, together with a
summary of relevant topical technologies to improve the skin conditions dis-
cussed.

Mammalian stratum corneum comprises a two-compartment system of
lipid-depleted corneocytes embedded in a lipid-enriched intercellular matrix (re-
viewed in Ref. 1). These intercellular lipids are organized into a series of broad
lamellar bilayers that regulate permeability barrier function and participate in the
cohesion and desquamation of the stratum corneum (reviewed in Ref. 2). The dis-
eases discussed in this chapter are all characterized by a mild to severe compro-
mise in epidermal permeability barrier function, basally or in response to stresses
to the barrier.

In normal stratum corneum, poorly understood changes occur in the stra-
tum corneum interstices that lead to the orderly detachment of individual corneo-
cytes at the skin surface. Alterations in lipid composition [3], the physical-chem-
ical state of the lamellar bilayers [4], and degradation of nonlipid constituents
such as desmosomes [5] have all been implicated as mediators of normal desqua-
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mation. The extent to which one or more of these processes is responsible for the
abnormal desquamation of the disorders of cornification is still not known [2,6].

Epidermal permeability barrier integrity requires the organization of stra-
tum corneum lipids into extracellular lamellar bilayers, following the secretion of
epidermal lamellar body contents at the stratum granulosum–stratum corneum in-
terface [6]. With the advent of ruthenium tetroxide postfixation it is possible to
obtain ultrastructural images of the stratum corneum interstices on a routine basis
[7–10], and a detailed tableau is emerging of the intercellular bilayer system in
normal and diseased stratum corneum.

Ultrastructural examination of normal stratum corneum reveals that the
lamellae within the intercellular domains of normal human stratum corneum ex-
hibit a similar organization and substructure to previous descriptions of porcine
[7] and murine [8] stratum corneum. In optimal cross-sections, these membranes
can be seen to comprise three types of electron-lucent lamellae that alternate with
a single type of electron-dense lamella (Fig. 1). From the corneocyte envelope
outward, the electron-lucent lamellae comprise, first, a continuous sheet immedi-
ately exterior to the cornified envelope [7,8,11]. The succeeding lamellae are or-
ganized external to adjacent lamellae with the center of the interrupted, lucent
lamellae serving as the plane of symmetry. Each series of four electron-lucent
lamellae alternating with five electron-dense lamellae, comprises the basic unit
(Fig. 1 inset). At many points in the interstices this basic unit expands incremen-
tally and suddenly by the addition of arrays of continuous electron-dense and -lu-
cent lamellae. A “doublet” comprises two basic units minus one interrupted, elec-
tron-lucent lamella and two electron-dense lamellae, which result from sharing of
these structures by two adjacent basic units. “Triplets” are the largest units ob-
served in normal human stratum corneum.

Staining of lamellar bodies in the stratum granulosum with standard osmi-
um tetroxide fixation provides excellent preservation of lamellar body structure.
Briefly, cross-sectional images of lamellar bodies in normal epidermis demon-
strated a trilaminar limiting membrane, and internal lamellar disklike structures,
consisting of prominent dense lamellae separated by an electron-lucent band and
divided centrally by a minor, striated electron-dense band (Fig. 2 inset).

Acute perturbations of the permeability barrier; e.g., solvent applications or
tape-stripping, stimulate a sequence of homeostatic mechanisms, including (1)
rapid secretion of pre-formed lamellar body contents; (2) generation of nascent
lamellar bodies; (3) accelerated intercellular deposition of newly formed lamellar
body contents; and (4) extracellular processing of lamellar body contents by co-
localized hydrolytic enzymes into lamellar basic unit structures [12]. The lamel-
lar body secretory response to barrier disruption is both fueled by and requires a
burst in lipid synthesis [13–15]. Likewise, in the essential fatty acid–deficient
mouse (a chronic barrier perturbation model often used as an analog for psoria-
sis), increased numbers of defective lamellar bodies, decreased extracellular
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FIGURE 1 Normal human stratum corneum ruthenium tetroxide postfixation
shows intercellular domains featuring intercellular bilayer structures with re-
peat pattern of lucent and dense bands. Inset: high power of same. Note sin-
gle basic unit pattern (arrows). Scale bars = 0.06 µm. (From Ref. 31.)

lamellar bilayers [16], and increased lipid synthesis [17] occur. Many of the dis-
eases discussed here (e.g., psoriasis, congenital ichthyosiform erythroderma, and
epidermolytic hyperkeratosis) represent conditions of chronic barrier impairment
such as essential fatty acid deficiency (EFAD).

2 PSORIASIS

Clinically, psoriasis is characterized by sharply demarcated erythematous plaques
with a positive Auspitz sign (fine bleeding points when superficial scale is re-
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FIGURE 2 Lamellar bodies in the epidermis of normal skin and congenital
ichthyosiform erythroderma. Vesicular lamellar bodies (arrows) are seen in
the cytosol of all patients with congenital ichthyosiform erythroderma. Inset:
lamellar body from normal epidermis shows disklike internal structures.
Scale bars = 0.1 µm. (From Ref. 31.)

moved). Clinical types vary with activity of the disease which range from a
chronic stationary phase to a resolving process, or to flares of disease that may be
associated with sudden onset of a generalized exfoliative erythema, occasionally
associated with sterile pustules [18].

The histology of psoriasis varies greatly depending on the clinical type of
lesion. In a fully developed lesion at the margin of the plaque there is parakerato-
sis, Munro microabscesses (collections of neutrophils in the stratum corneum),
absence of the granular layer, elongation of rete ridges, thinning of the suprapap-
illary epidermis acanthoses, and dilated and tortuous capillaries [19].

Although previous morphological studies reported either normal [20] or in-
creased numbers [21,22] of lamellar bodies and lamellar body–like remnants
within corneocytes in psoriasis, morphological abnormalities were not correlated
with disease phenotype. More recent findings demonstrate that the extent of
lamellar body formation correlates with the degree of defective barrier function
[23,24]. Thus, the apparently conflicting prior reports of either normal or in-
creased numbers of lamellar bodies could be attributable to phenotypic differ-
ences. Although the epidermis of both erythrodermic and active plaque psoriasis
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generates large numbers of lamellar bodies, in these phenotypes many lamellar
bodies remain entombed in the corneocyte cytosol (Fig. 3) [23]. Thus, while nor-
mal homeostatic mechanisms appear to be operative in the acute psoriatic pheno-
types (i.e., enhanced lamellar body formation), delivery of lamellar body–derived
lipids to the intercellular spaces is defective, impeding the ability to form func-
tional intercellular bilayer structures (Fig. 3). Thus, in the erythrodermic stratum
corneum there are retained lamellar structures visible within the corneocytes (Fig.
3), and even with ruthenium postfixation the intercellular spaces appear striking-
ly devoid of lamellar bilayers. In contrast, in less acute psoriatic phenotypes; i.e.,
chronic plaque and sebopsoriasis, lamellar body contents are both formed and se-
creted almost normally, and as a result, barrier repair is relatively complete (Fig.
4). Fewer retained lamellar bodies are visible within corneocytes, and the num-
bers of extracellular lamellar bilayers are correspondingly greater than in erythro-
dermic lesions. Normal bilayers with normal dimensions are seen, although many
lamellae maintain the unfurled elongated pattern characteristic of secreted lamel-
lar body contents in the lower stratum corneum (Fig. 4). Thus, it is possible that
improvement in barrier function is not only a consequence of this change in phe-
notype, but that it may actually drive this phenotypic shift, a conclusion support-
ed by occlusion studies; i.e., artificial restoration of the barrier by occlusion re-
sults in lesion regression [25–27].

Failure of lamellar body secretion, with the persistence of lamellar body
remnants in the corneocyte cytosol also occurs in lovastatin-treated epidermis
[28], as well as in other hyperproliferative human dermatoses, including harle-
quin ichthyosis [29]. Although the decreased lamellar body secretion in acute
forms of psoriasis could be a consequence of hyperproliferation alone, in another
hyperproliferative dermatosis (essential fatty acid deficiency), which displays
comparable abnormalities in barrier function and lamellar body formation to pso-
riasis [16], lamellar bodies are secreted normally rather than being retained with-
in corneocytes [30]. However, the lamellar bodies in EFAD display abnormal
lamellar contents, and a defective barrier results from incomplete formation of
extracellular lamellar bilayers [8,16]. Thus, despite the hyperproliferative compo-
nent of EFAD, retention of lamellar bodies does not occur. Likewise, in congeni-
tal ichthyosiform erythroderma, another hyperproliferative disorder, lamellar
bodies are secreted normally and not retained within corneocytes [31], and de-
spite the hyperproliferation, increased rather than decreased numbers of intercel-
lular lamellae are found [31]. Thus, hyperproliferation alone may not be the cause
of lamellar body retention in the acute psoriatic phenotypes.

The increase in proliferation is a key component of psoriasis and is accom-
panied by an increase in the epidermal growth factor receptor [32] and an in-
crease in transforming growth factor alpha [33], one of the ligands for the epider-
mal growth factor receptor. Also there is an increase in ornithine decarboxylase
[34] and in the transcription factor AP-1 [35]
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FIGURE 3 Erythrodermic psoriasis displays extensive abnormalities in the
lamellar body secretory system. (A) Stratum corneum in erythrodermic pso-
riasis. Note the virtual absence of intercellular lamellae (white arrowheads).
In addition, retained lamellar body structures (open arrowheads) are pres-
ent. (B and C) Stratum granulosum in erythrodermic psoriasis. The number
of lamellar bodies within the cytosol are dramatically increased, resembling
the appearance of mice 3–6 hr after acetone wiping to remove the epidermal
permeability barrier. Lamellar bodies are of normal size and internal struc-
ture. Scale bars = (A) 20 µm; (B) 17.5 µm; (C) 22.5 µm. (From Ref. 23.)
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FIGURE 4 Chronic plaque psoriasis displays less extensive abnormalities in
the lamellar body secretory system. (A and B) Stratum corneum in chronic
plaque psoriasis. A paucity of intercellular lamellae are observed throughout
the stratum corneum interstices (arrows). The membrane structures present
retain the unfurled pattern of the lower stratum corneum and the mature pat-
tern of bilayers usually observed in the upper stratum corneum is not evi-
dent (c.f. Fig. 1). (C) The stratum corneum in sebopsoriasis. The intercellular
spaces contain more bilayers than in the other forms of psoriasis, but even in
the upper stratum corneum, the membranes do not reveal a basic lamellar
unit pattern. Scale bars = (A) 20 µm; (B,C) 25 µm. (From Ref. 23.)
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TABLE 1 Abnormality in Barrier Function in Psoriasis Correlates
with the Severity of Psoriatic Phenotype

Trans-epidermal 
water loss 
(g/m2/hr) p value

Erythroderma (n = 3) 36.4 ± 2.26 p = 0.001a

Uninvolved skin 3.5 ± 0.99 p < 0.001b

Active plaque (n = 8) 16.1 ± 0.97 p < 0.001a

Uninvolved skin 3.9 ± 0.41 p = 0.005c

Chronic plaque (n = 12) 9.0 ± 1.93 p = 0.019a

Uninvolved skin 4.1 ± 0.51

Notes: Trans-epidermal water loss was measured in patients with different
psoriatic phenotypes. Measurements were taken from the affected area and an
adjacent area of uninvolved skin. The most severe phenotype (erythroderma)
displays the highest trans-epidermal water loss, approximately 10 times the
uninvolved skin. Results are mean ± SEM.
aAffected versus nearby uninvolved skin.
bErythroderma versus active plaque.
cActive plaque versus chronic plaque psoriasis.
Source: Ref. 23.

The expression of the markers of epidermal differentiation are also altered.
There is an increase in keratinocyte transglutaminase type 1, which catalyzes a
critical step in formation of the cornified envelope [36]. In association with loss
of the granular layer, filaggrin is underexpressed in psoriasis [37]. Involucrin,
which is crosslinked to form the cornified envelope, is increased. Finally, keratins
K6 and K16 (hyperproliferative keratins) are increased in the suprabasal layers of
psoriatic lesions, while K1 and K10 (used as markers of terminal differentiation)
are decreased [38].

In psoriatic skin trans-epidermal water loss levels are increased 1- to 20-
fold [24,39–43]. Few prior studies have correlated trans-epidermal water loss
with lesion phenotype. Whereas Grice et al. [41] found no significant functional
differences between erythrodermic and plaque psoriasis, trans-epidermal water
loss levels decreased as the disease became less active, consistent with data show-
ing that barrier function correlates better with disease activity than with lesion
phenotype; i.e., the highest trans-epidermal water loss levels occurred in erythro-
derma and active plaque psoriasis, while chronic plaque and sebopsoriasis dis-
played trans-epidermal water loss levels between these and uninvolved skin
(Table 1) [23]. Moreover, epidermal morphology was comparable in worsening
active plaque psoriasis to acute erythroderma. In contrast, epidermal structure in
stable erythroderma patients closely resembled active plaque psoriasis [23].
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These results suggest that barrier repair mechanisms are operative in psoriasis;
and they appear to be, in part, successful at normalizing barrier function, perhaps
leading to more chronic psoriatic phenotypes. Likewise, with artificial barrier
restoration by occlusion alone, psoriatic lesions usually regress [25–27].

Much indirect evidence, including the data summarized here, supports the
hypothesis that the primary trigger for psoriasis may arise in the epidermis, and
that the disease-specific inflammatory infiltrate may be recruited secondarily
[44,45]. Psoriatic epidermis transplanted onto nude mice retains its psoriatic mor-
phology, as well as its increased labeling index [46]. A similar persistence of phe-
notype occurs in transplants of the flaky skin mouse model of psoriasis [47].
Moreover, although some studies suggest that psoriatic fibroblasts drive the dis-
ease [48], others have found that psoriatic fibroblasts do not direct hyperprolifer-
ation, nor do normal fibroblasts inhibit psoriatic hyperproliferation [49]. Further-
more, barrier abrogation stimulates DNA synthesis [50], as well as provoking a
rapid increase of both epidermal cytokine mRNA and protein generation [44,51].
Finally, Nickoloff et al. [45] showed that epidermal production of cytokines fol-
lowing barrier abrogation precedes movement of inflammatory cells from the cir-
culation into the dermis or epidermis. Together, these findings suggest that the
dermal inflammatory components of psoriasis may be recruited subsequent to pri-
mary events arising in the epidermis. These findings also are consistent with the
occurrence of the Koebner phenomenon [52] and the observation that occlusion
alone clears many psoriatic lesions [25–27].

3 ICHTHYOSIS VULGARIS

Ichthyosis vulgaris, the most common of the ichthyotic conditions discussed here,
is an autosomal dominant condition that usually starts in childhood and presents
as fine white scales on the extensor surfaces of the extremities and the trunk.

Ichthyosis vulgaris is characterized histologically by mild hyperkeratosis
and reduced or absent keratohyalin granules. Ultrastructural evaluation has
shown that although the stratum corneum is thicker than normal, and keratohyalin
granules are absent, the typical keratin pattern of normal skin is seen suggesting
that filaggrin is not essential for keratin filament aggregation [53]. There is abnor-
mal persistence of desmosomes in the stratum corneum [54].

Biochemically, profilaggrin (a major component of keratohyaline granules)
and filaggrin are reduced or absent. Little profilaggrin mRNA was detected by in
situ hybridization in vivo, and in keratinocytes profilaggrin was less than 10% of
normal, while the mRNA was 30–60% of controls. Furthermore, expression of
keratin K1 and loricrin (other markers of epidermal differentiation) were not af-
fected [55]. The degree of biochemical abnormality correlated with the ultrastruc-
tural quantitation and with the severity of the clinical disorder [53]. Trypsin-like
and chymotrypsin-like serine proteases are involved in the degradation of
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desmoglein [56], a transmembrane protein within desmosomes. The enzymatic
activities of trypsin-like and chymotrypsin-like serine proteases were significant-
ly decreased in ichthyosis vulgaris [56].

Basal trans-epidermal water loss shows a small but significant increase in
ichthyosis vulgaris [40,57]. Furthermore, a loss of pH gradient occurs, reflected
by a higher skin surface pH, and a neutral pH of 7 obtained with removal of only
half of the stratum corneum, as compared to normal skin where the “acid mantle”
penetrates deep into the skin [58]. This could be explained by the depletion of
acidic proteins urocanic acid and pyrrolidone carboxylic acid due to filaggrin de-
ficiency, which results in a delay in the accumulation of protons and moves the
pH gradient outward in ichthyosis vulgaris [58].

4 RECESSIVE X-LINKED ICHTHYOSIS

Recessive X-linked ichthyosis is characterized by a generalized desquamation of
large, adherent, dark brown scales, more extensive on the extensor aspects of the
limbs. Extracutaneous manifestations include corneal opacities and cryp-
torchidism [59]. This condition is caused by a deficit in steroid sulfatase [60,61].
The deletion or mutation of the gene encoding for the enzyme steroid sulfatase
has been localized to the distal short arm of the X chromosome (Xp22.3) [62].

Histology shows compact hyperkeratosis, with a normal or slightly thick-
ened stratum granulosum [59]. This is a retention hyperkeratosis with a normal
rate of cell turnover [59]. Ultrastructural studies reveal an increase in the number
and volume of keratohyalin granules. Desmosomal disks are visible even in the
most superficial layers of the epidermis, suggesting increased intercellular cohe-
siveness. Cells of the stratum corneum contain large numbers of melonosomes,
probably due to decreased degradation, and resulting in the dark scale seen clini-
cally [63,64]. Examination of the intercellular lamellar domains of the stratum
corneum [65] reveals lamellae that are fragmented and disrupted, with extensive
nonlamellar domains within the extracellular space (Fig. 5). In a study of lipid
mixtures using small angle x-ray diffraction, it was found that both an increase in
pH (7.4 at the stratum granulosum–stratum corneum interface versus 5 at the skin
surface) and an increase in cholesterol sulfate promote the formation of a normal
lamellar phase as seen in vivo, suggesting that cholesterol sulfate may be required
to dissolve cholesterol in the lamellar phases and to stabilize stratum corneum
lipid organization. Therefore, a drop in cholesterol sulfate content in the superfi-
cial layers of the stratum corneum is expected to destabilize the lipid lamellar
phases and facilitate the desquamation process [66].

The epidermal permeability barrier is slightly impaired in recessive X-
linked ichthyosis despite the great hyperkeratosis. Whereas a single study of 13
patients with recessive X-linked ichthyosis found no statistical change in basal
trans-epidermal water loss [67], basal trans-epidermal water loss was slightly but
significantly increased in other studies [40,57,65]. This increase in trans-epider-
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FIGURE 5 Stratum corneum from a patient with recessive X-linked
ichthyosis. Lamellae are fragmented and disrupted (arrows) with extensive
nonlamellar domains present within the extracellular spaces. Scale bar = 0.5
µm. (From Ref. 65.)

mal water loss can be reproduced in murine epidermis by the application of topi-
cal cholesterol sulfate [65]. The hyperkeratosis may be compensatory to the bar-
rier defect or reflect decreased desquamation. There was a decreased response to
sodium lauryl sulfate in terms of increased trans-epidermal water loss and erythe-
ma [67] and a delay in barrier recovery after tape-stripping (n = 15).

Many recent findings regarding the effects of cholesterol sulfate on epider-
mis make it possible to speculate about why the normal shedding of corneocytes
is delayed in recessive X-linked ichthyosis [68]. Although cholesterol sulfate is
normally present in epidermis, it accumulates in recessive X-linked ichthyosis, is
growth inhibitory to human keratinocytes, activates protein kinase C (which
phosphorylates transglutaminase 1), induces transcription of the transglutaminase
gene, inhibits certain proteases in stratum corneum, and is reduced in the epider-
mis following retinoid therapy [68]. Furthermore, treatment with steroid sulfatase
under occlusion [69], 19% cholesterol [70] or 2% cholesterol [65], improves scal-
ing.

5 LAMELLAR ICHTHYOSIS

Lamellar ichthyosis is a term that applies to a heterogeneous group of autosomal
recessive disorders [71–73] that are often divided into two disorders, lamellar
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ichthyosis and congenital ichthyosiform erythroderma. Lamellar ichthyosis is
known by multiple terms including DOC 4 (lamellar-recessive type), nonbullous
congenital ichthyosiform erythroderma, nonertyhrodermic autosomal recessive
lamellar ichthyosis, ichthyosis congenita, and classic lamellar ichthyosis. Con-
genital ichthyosiform erythroderma is sometimes referred to as nonbullous con-
genital ichthyosiform erythroderma, DOC 5 (congenital erythrodermic type),
ichthyosis congenita, and erythrodermic autosomal recessive lamellar ichthyosis
[74]. Here, lamellar ichthyosis will be divided into classic lamellar ichthyosis, to
differentiate the term from the all-inclusive term of lamellar ichthyosis, and con-
genital ichthyosiform erythroderma.

5.1 Classic Lamellar Ichthyosis

These patients are often preterm, collodion babies that shed their membranes to
reveal their underlying phenotype in the first few weeks of life. Clinically there
are dark platelike scales involving the entire body including flexor surfaces. Ec-
tropion is common.

Classic lamellar ichthyosis is a retention hyperkeratosis. Histopathology
reveals compact orthokeratosis and slight acanthosis. Lamellar ichthyosis was
previously thought to be a hyperproliferative condition. However, on division of
patients into classic lamellar ichthyosis versus congenital ichthyosiform erythro-
derma it is seen that the mitotic rate of classic lamellar ichthyosis is only slightly
increased, while that of congenital ichthyosiform erythroderma is markedly in-
creased [75].

Ultrastructural studies have shown that the intercellular domains in classic
lamellar ichthyosis often appear to be decreased in quantity due to their separa-
tion by extensive, largely empty lacunae or clefts within the electron-dense lamel-
lae of membrane stacks (Fig. 6). Furthermore, the intercellular lamellae in classic
lamellar ichthyosis also showed an abnormal banding pattern, with an absence of
the interrupted lamella that is invariably present in normal human stratum
corneum (cf. Fig. 1) and usually present in congenital ichthyosiform erythroder-
ma samples (cf. Fig. 6). This results in alternating lucent and dense bands that are
evenly spaced (Fig. 5 inset), an observation confirmed by computer transforms of
optical diffraction. Large numbers of desmosomes persist within the intercellular
spaces, even within the outermost layers of the hyperkeratotic stratum corneum
[31]. The numbers, size, and internal contents of lamellar bodies in classic lamel-
lar ichthyosis are normal. Small angle x-ray diffraction peak showed smaller re-
peated distances of lipid bilayers in stratum corneum samples of the patients com-
pared with healthy volunteers [31,72].

Transglutaminase and the marginal band may be present or absent [71–73].
Transglutaminase-deficient mice exhibit a phenotype similar to lamellar ichthy-
osis with a collodion membrane–like taut and wrinkled skin [76]. Absence of the
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FIGURE 6 Stratum corneum from patients with classic lamellar ichthyosis
(LI). The numbers of intercellular lamellae appear decreased in number
(brackets) due to separation artifacts and/or clefts within electron-dense
lamellae. Inset: absence of an interrupted band, with even spacing of lucent
and dense bands. Ruthenium tetroxide. Scale bars = 0.1 µm. (From Ref. 31.)

marginal band and deposition of electron-dense aggregates along the cell mem-
brane were demonstrated in such knockout mice, as well as intracellular aggrega-
tion of loricrin [76]. Because of the lack of clear clinical descriptions in some se-
ries, a study was done in some patients with congenital ichthyosiform
erythroderma clinically versus some with classic lamellar ichthyosis [77]. In this
study patients with congenital ichthyosiform erythroderma were shown to have
abnormal transglutaminase versus those with classic lamellar ichthyosis who had
absent transglutaminase [77].

Frost showed an increase in trans-epidermal water loss in four patients with
lamellar ichthyosis [40]. However, no distinction was made between classic
lamellar ichthyosis and congenital ichthyosiform erythroderma at the time of this
study. In another study lamellar ichthyosis demonstrated increased trans-epider-
mal water loss rates, significantly elevated in relation to those of ichthyosis vul-
garis or of recessive X-linked ichthyosis [57]. This study included 10 patients,
eight with the phenotype of classic lamellar ichthyosis and two with a phenotype
compatible with congenital ichthyosiform erythroderma. Barrier properties were
also studied in two patients with the clinical picture of classic lamellar ichthyosis
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and one with the picture of congenital ichthyosiform erythroderma (a sibling of
one of the classic lamellar ichthyosis type subjects) [72]. Trans-epidermal water
loss was significantly increased in all. Stratum corneum lipid profiles showed sig-
nificant differences in the relative ceramide fractions in these patients [72].

5.2 Congenital Ichthyosiform Erythroderma

Often born as collodion babies, these patients have erthroderma and fine white
scales. They may also have ectropion. In contrast to classic lamellar ichthyosis,
this is a hyperproliferative state.

Histology shows features of hyperproliferation including some parakerato-
sis (not seen in classic lamellar ichthyosis) and much greater acanthosis than that
seen in classic lamellar ichthyosis [78]. Also in contrast to classic lamellar
ichthyosis, the degree of hyperkeratosis is much less severe. Ultrastructurally, us-
ing ruthenium tetroxide postfixation, chracteristic findings for congenital
ichthyosiform erythroderma (CIE) included (1) foci containing excessive num-
bers of lamellae in stacks (Fig. 6; cf. Fig. 1); (2) a predominance of incompletely
formed and/or disorganized lamellar arrays (Fig. 6C); (3) shortened arrays of
lamellar body–derived membranes (Fig. 6C); (4) variations in the substructure of
individual lamellae, both within the lucent and dense bands (Fig. 6D,E) and ab-
normal interlamellar dimensions by x-ray diffraction; (5) electron-lucent do-
mains, presumably representing nonlamellar phases because of the presence of
flocculent, amorphous material (Fig. 6B) (such domains occurred interspersed be-
tween stacks of lamellar bilayers); and (6) desmosomes, which normally deterio-
rate above the first six to eight layers of normal stratum corneum, persisting in
abundance in all of the 25-plus layers of the stratum corneum [31]. Increased
numbers of lamellar bodies of decreased size were observed in the stratum gran-
ulosum in all CIE patients. Moreover, the internal contents of lamellar bodies
from congenital ichthyosiform erythroderma epidermis were distinctly abnormal,
most appearing empty or containing only fragments of lamellar structures (Fig.
2), creating a vacuolated appearance [31].

Studies of barrier function have been in combination with patients with
classic lamellar ichthyosis (see preceding).

6 EPIDERMOLYTIC HYPERKERATOSIS

Epidermolytic hyperkeratosis (also known as bullous congenital ichthyosiform
erythroderma) is an autosomal dominant condition, although 50% of cases are
sporadic and probably new mutations [74]. Patients develop blistering on the ex-
tensor surfaces and later localized areas of severe hyperkeratosis. However, epi-
dermolytic hyperkeratosis is clinically heterogeneous [79]. After studying 52 pa-
tients with epidermolytic hyperkeratosis DiGiovanna and Bale divided the
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FIGURE 7 Stratum corneum from patients with congenital ichthyosiform
erythroderma. (A) Between corneoctes stained densely with ruthenium, note
increased numbers of lamellae in stacks (brackets). (B) Apparent phase sepa-
ration of lipids into lamellar and nonlamellar domains (*). (C) Disorganiza-
tion and fragmentation of lamellar arrays as well as shortened lamellar ar-
rays (white arrow). (D and E) In some congenital ichthyosiform erythroderma
patients an abnormal or diminished interrupted lamella is seen. Also the in-
terrupted bands are dense rather than lucent (D, arrow), a reversal of the nor-
mal pattern. Another phenotype shows a complete absence of interrupted
lamellae within an expanded stack (E, box). Ruthenium tetroxide. Scale bars
= (A,B) 0.1 µm; (C) 0.5 µm; (D,E) 0.04 µm. (From Ref. 31.)
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patients into those with palm and sole involvement and those without. Each of
these two groups was divided further into three groups. Epidermolytic hyperker-
atosis occurs as a result of mutations in conserved regions of keratins K1 and
K10. There appears to be some correlation between the type of epidermolytic hy-
perkeratosis and the mutation; most patients with palm and sole involvement
have keratin 1 mutations near the beginning of the 1A rod domain, while most
without palm and sole involvement display keratin 10 mutations [79,80].

Histological and ultrastructural examination of the epidermis shows a
thickened stratum corneum and marked vacuolation of the suprabasal layer. Elec-
tron microscopy shows tonofilament clumping around the nucleus of suprabasal
keratinocytes. Thus, it seems that in some patients there is a point mutation in K1
or K10 that appears to weaken the suprabasal keratin network and impair the me-
chanical stability of the epidermis resulting in the hyperkeratosis, fragility, and
blister formation [81].

Frost et al. [40] demonstrated a marked increase in trans-epidermal water
loss in seven patients with epidermolytic hyperkeratosis. In a mouse model of
epidermolytic hyperkeratosis [82] electron microscopy using ruthenium tetroxide
postfixed skin samples demonstrated normal extrusion and morphology of lamel-
lar bodies as well as the formation of normal lamellar layers [83]. However, there
were significant changes in ceramide subpopulations of the stratum corneum
lipids. The total amount of ceramide 2 was elevated, whereas ceramides 1, 3, 4,
and 5 were decreased among total stratum corneum lipids. The amount of the ce-
ramide precursors sphingomyelin and glucosylceramide was reduced in the stra-
tum corneum without accompanying changes in the mRNA for acid sphin-
gomyelinase [83].

7 TREATMENT

Most of these conditions are lifelong disturbances that rely on the use of continu-
ous treatment throughout life. Broad aims are to moisturize, effect keratolysis,
prevent evaporation, and humidify the environment. These conditions may be
disabling conditions requiring extensive treatment multiple times daily or may be
mild, with only occasional emollient use needed. In treating chronic conditions
the cosmetic acceptability of the creams prescribed is of utmost importance to en-
sure compliance with therapy. The selection of the cream base (hydrophilic ver-
sus lipophilic, nonocclusive versus semi-occlusive) is key not only for the phar-
macological effect, but for compliance. Also, the presence of erosions or fissures
may preclude the use of certain more irritating creams.

Little specific treatment is available for ichthyosis vulgaris, although it
might seem obvious to replace the lack of natural moisturizing factor (NMF)
composed of hygroscopic, amino acid–derived breakdown products from filag-
grin and keratohyalin [84].
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The milder forms of recessive X-linked ichthyosis improve with emollients
and keratolytics. Commonly used agents include urea, 2–10%, lactic acid, 12%,
and propylene glycol, 10–25% [68]. Cholesterol-containing creams improved re-
cessive X-linked ichthyosis in a mouse model [65] as well as in human subjects
[65,70]. Topical isotretinoin may help in recessive X-linked ichthyosis [85].
Liarazole is a newer agent that may be ueful for recessive X-linked ichthyosis and
lamellar ichthyosis and seems to work by increasing the endogenous levels of
retinoic acid [86]. Recessive X-linked ichthyosis gets better in the summer
months and may be improved by UV or climate therapy. It also improves with
age. Treatment focuses on prevention by genetic counselling and prenatal diagno-
sis. However, single gene recessive genetic skin disorders offer attractive proto-
types for the development of therapeutic cutaneous gene delivery. For example,
Jensen et al. transfected recessive X-linked ichthyosis keratinocytes with the
steroid sulfatase gene and induced the enzyme activity of the cells and a normal
phenotype in culture [87]. Furthermore, a new retroviral expression vector was
produced and utilized to effect steroid sulfatase gene transfer to primary ker-
atinocytes from recessive X-linked ichthyosis patients. Transduced and uncor-
rected recessive X-linked ichthyosis keratinocytes, along with normal controls,
were then grafted onto immunodeficient mice to regenerate full thickness human
epidermis. Unmodified recessive X-linked ichthyosis keratinocytes regenerated a
hyperkeratotic epidermis lacking steroid sulfatase expression with defective skin
barrier function, effectively recapitulating the human disease in vivo. Transduced
recessive X-linked ichthyosis keratinocytes from the same patients, however, re-
generated epidermis histologically indistinguishable from that formed by ker-
atinocytes from patients with normal skin. Transduced recessive X-linked
ichthyosis epidermis demonstrated steroid sulfatase expression in vivo by im-
munostaining as well as a normalization of histologic appearance at 5 weeks post-
grafting. The resulting transduced recessive X-linked ichthyosis epidermis also
demonstrated a return of barrier function parameters to normal [88].

Although the introduction of systemic retinoids in the late 1970s helped
many lamellar ichthyosis patients, the mainstay of therapy remains external and
will probably do so until gene therapy finds its way into the therapeutic repertoire
[68]. It has been shown that by combining two or more keratolytic agents and
moisturizers in the same base it is usually possible to achieve additive or even
synergistic effects without using irritating concentrations of either ingredient
[89]. In a double-blind trial of four different cream mixtures in 20 patients with
lamellar ichthyosis a mixture of 5% lactic acid and 20% propylene glycol was
significantly more effective than either product alone in the same vehicle [90].
However, interestingly in these studies trans-epidermal water loss was further in-
creased, revealing one issue with treating a symptom rather than the disease itself.
Treatment regimens differ from country to country and center to center. For ex-
ample, whereas urea-containing lipophilic creams are popular in many European
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countries, mixtures containing propylene glycol or alpha-hydroxyacids seem to
be the first choice in the United States and many other countries [68]. Specific
drugs have been used topically including retinoids, liarozole, and calcipotriol.
However the risks of extensive use of these drugs topically in a defective barrier
state is obvious.

Prenatal diagnosis is now possible for lamellar ichthyosis [91,92]. Choate
et al. [93,94] grafted transglutaminase-deficient lamellar ichthyosis skin onto im-
munodeficient mice. They then transfected the keratinocytes with transglutami-
nase and showed restored involucrin cross-linking and normal epidermal archi-
tecture with restored cutaneous barrier function. These findings suggest that not
only lipids, but also structural proteins are important for the normal function of
the epidermal permeability barrier.

The aim in treating epidermolytic hyperkeratosis is to reduce the hyperker-
atosis without aggravating the erosive component. This is certainly the concern
when topical [95] or oral retinoids are used for this condition. However, used cor-
rectly topical tretinoin may be effective in some patients with epidermolytic hy-
perkeratosis [68]. The mainstay of therapy for many patients includes bland
emollients, topical antiseptics, and intermittent use of antibiotics. The antibiotic
preparations prevent and treat the bacterial overgrowth that occurs in this condi-
tion. Prenatal diagnosis is available for this condition [96].
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Solvent-, Surfactant-, and Tape 
Stripping–Induced Xerosis
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Shiseido Life Science Research Center, Yokohama, Japan

1 INTRODUCTION

Dry skin is commonly observed in various dermatoses such as atopic dermatitis,
psoriasis, ichthyosis, and xenile xerosis [1]. Dermatitis induced by environmental
factors such as exposure to a detergent, organic solvent, low humidity, and UV ir-
radiation also show skin surface dryness [1]. Dry, scaly skin is characterized by a
decrease in the water-retention capacity of the stratum corneum [2] with water
content decreased to less than 10%. Hyperkeratosis, abnormal scaling, and epi-
dermal hyperplasia are usually observed in dry skin [3]. Patients often suffer from
itching. In some cases, the skin barrier function of the stratum corneum is de-
creased and trans-epidermal water loss (TEWL) is increased because of abnor-
mality in barrier homeostasis [3]. In modern life, various environmental factors
might induce the xerosis. For example, dry scaly skin has been reported among
industrial painters in Japan [4]. People working in the industry also had irritated
skin without any specific reason. Household detergents have also been reported to
induce dry skin in Japan. Imabayashi reported [5] that 26.7% of the 1861 female
university students in her survey had suffered from impaired skin due to the use
of household detergents, and 74.6% of the subjects who claimed of having skin
problems showed dry scaly skin. There were some seasonal changes in the occur-
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rence of dry skin induced by detergents. A previous study suggested that environ-
mental dryness itself induces xerotic skin [6].

This chapter describes several model systems of dry skin for clinical re-
search of dermatitis associated with skin surface dryness. The recently reported
methods to improve skin barrier homeostasis, which play a crucial role in pro-
tecting the body from environmental factors, are also reviewed.

2 ROLE AND FUNCTION OF STRATUM CORNEUM

The stratum corneum has two functions for protecting internal organs from envi-
ronmental dryness. One is a water-impermeable barrier function and the other is a
buffer function against dryness [7]. The water impermeability is due to the inter-
cellular lipid bilayer structure and also the order of the corneocytes [8]. The
cornified envelope, which is formed on the surface of the corneocytes, plays an
important role in the structure of the barrier [9]. The buffer function of the stratum
corneum is due to water molecules in the corneocytes [7]. Hydrophilic molecules
such as amino acids hold water in the stratum corneum. Decrease of free amino
acids in the corneocytes is commonly observed in various kinds of dermatitis
which are characterized by dry scaly skin [10–13]. Decline of these functions
leads to deterioration of the skin condition (Table 1).

Although the lipid structure itself was previously suggested to absorb huge
amounts of water [14], this was disputed later. Cornwell et al. [15] demonstrated
the effect of hydration on the intercellular lipid structure of the human stratum
corneum using wide-angle x-ray diffraction. They monitored the packing
arrangement of the lipid bilayers on the stratum corneum and found no effects of
the hydration on the lipid structure. The lipid bilayer structure contains some wa-
ter molecules, but it is a relatively small amount in comparison with the amount
of water in the cornified cells. Moreover, in dry skin induced by detergent or tape-
stripping, the total amount of stratum corneum ceramide, which is a major com-
ponent of the intercellular lipids, did not change, athough the skin surface con-
ductance and barrier function decreased and the amino acid content decreased
[11]. Tanaka et al. [13] reported that the amino acid content was reduced in the
stratum corneum in atopic respiratory disease and the trans-epidermal water loss
did not change. They suggested that the free amino acid content is a crucial factor
in the dry scaly features of not only experimentally induced dry skin, but also
atopic dermatitis. Water in the stratum corneum is mainly held in the corneocytes
by hydrophilic molecules like amino acids [10]. Intercellular lipids protect the
corneocytes and prevent leakage of water, amino acids, and other water-soluble
molecules (Fig. 1).

The ultrastructure of the intercellular lipids in the stratum corneum con-
tributes to the barrier function of healthy skin, but the decline of the barrier func-
tion in dermatoses might be caused by various other factors. We previously eval-
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TABLE 1 Alteration of Physiological and Biochemical Factors in Stratum
Corneum of Xerotic Skin

TEWL Hydration
Free amino

acids Ceramides

Experimentally
induced xerosis

Repeated barrier
disruption
(Ref. 11,27)

Increased Decreased Decreased No change

SDS treatment 
(Ref. 11)

Increased Decreased Decreased No change

Low humidity 
(Ref. 52)

Decreased Decreased Decreased
(unpublished)

Increased

Chronic xerosis
Atopic dermatitis

(Ref. 12) Increased Decreased Decreased Decreased
Hemodialysis

(Ref. 12) Increased Decreased Decreased Increased
Senile xerosis 

(Ref. 10,12) Decreased Decreased Decreased Decreased

uated the intercellular lipid alkyl chain conformation by attenuated total re-
flectance infrared spectroscopy on healthy skin and surfactant-induced scaly skin
of human subjects [16]. In normal, healthy skin, there was a correlation between
the lipid conformation and the trans-epidermal water loss. However, no differ-
ence was observed in the surfactant-induced scaly skin. Menton et al. reported
[17] that the arrangement of corneocytes became disordered during high mitotic
activity. Menon et al. demonstrated [18] that inhibition of cholesterol synthesis,
which plays a crucial role in barrier function, induced a deposition of abnormal
lamellar body contents and formation of clefts in the intercellular domains. Dis-
order of the corneocytes or clefts of the lipid domain might cause barrier dys-
function.

The hydrophobic envelope formed on the surface of the corneocytes plays
an important role in the stabilization of the intercelluar lipid bilayer structure (See
chapter in this volume by A. Watkinson). The cross-linked protein structure on
the corneocyte is mainly composed of involucrin, loricrin, and filaggrin [9]. Then
ω-hydroxyceramide molecules covalently attach to the protein envelope. Abnor-
mality of the formation of this protein/lipid envelope on the surface of the cor-
neocytes induces barrier abnormalities even when other lipid synthesis and pro-
cessing systems are normal. Behne et al. [19] demonstrated that an inhibition of
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FIGURE 1 Structure and function of stratum corneum. The high water imper-
meability is due to specific “brick and mortar” structure constructed by cor-
neocytes and intercellular lipid domain. The buffer function is held by water
molecules in the corneocytes. Hydrophilic molecules such as free amino
acids play a crucial role to hold water in the stratum corneum.

ω-hydroxyceramide induced the delay of the barrier repair after tape-stripping.
Segre et al. [20] reported a transcription factor, Klf4, is required for the skin bar-
rier formation. Klf4-/- mice showed absence of the barrier and its abnormal corni-
fied envelope, whereas the mutant mice showed a normal lipid profile.

These results suggest that various factors contribute to the skin barrier func-
tion. Thus, dry scaly skin might be induced by a variety of causes.

3 XEROSIS INDUCED BY ACETONE AND 
TAPE-STRIPPING

Damage of the stratum corneum barrier function can be repaired [21]. Immedi-
ately after barrier disruption, repair responses, including epidermal lipid synthe-
sis, lipid processing, and lipid secretion into the intercellular domain between the
stratum corneum and epidermal granular layer, are accelerated [22].

However, recent studies suggested that environmental or intrinsic factors
affect cutaneous barrier homeostasis. Psychological stress delays barrier recovery
after artificial barrier disruption (Fig. 2) [23,24]. Glucocorticoid in serum might
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FIGURE 2 Psychological stress induced by novel environment delayed the
skin barrier recovery after the barrier disruption. Reduction of the stress by
application of phenotheiazine sedative or inhalation of specific odorant im-
prove the barrier homeostasis. **p < 0.01; ***p < 0.001.

mediate skin homeostasis through the central nervous system [24]. There is a cir-
cadian rhythm in the stratum corneum barrier homeostasis [25]. On the other
hand, the barrier becomes fragile and recovery is delayed with aging [26]. More-
over, when the barrier disruption is repeated, epidermal hyperplasia and inflam-
mation are induced even when the level of the disruption is relatively small [27].
Under low humidity, the hyperplastic response induced by barrier disruption is
amplified [6].

Barrier disruption is observed in variously induced scaly skin [3] and is
known to cause changes in epidermal biochemical processes, DNA synthesis
[28], calcium localization [29], and cytokine production [30]. Upregulation of
specific keratin molecules and adhesion molecules associated with an inflamma-
tory response are also observed [31]. Because a decline of the stratum corneum
barrier function is observed in various types of skin diseases, xerosis induced by
barrier disruption might be a good model of those dermatoses.

In our daily life, the stratum corneum barrier is potentially perturbated by
chemicals such as surfactants, detergents, and organic solvents. Gruneward et al.
demonstrated [32] damage of the skin by repeated washing with surfactant solu-
tions. They treated skin following the repeated use of sodium dodecyl sulfate
(SDS) and N-cocoyl protein condensate sodium as a mild washing substance for
one week. In their report, they suggested that repeated washing with even a mild
surfactant damaged the skin.

Skin on the back or forearm skin is used for the experiments [11]. It was
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easier to induce scaly skin on the back than on the forearm. After stripping the
stratum corneum on the back nine times with adhesive cellophane tape, the
TEWL value was over 10 mg/cm2/hr, and most of the stratum corneum was re-
moved. But to induce dry scaly skin on the forearm, stripping up to 30–50 times
was needed. One week after the treatment, TEWL increased, skin surface con-
ductance decreased, and the cell area in the stratum corneum also decreased. The
skin surface became scaly and flaky. Abnormal scaling is observed on the surface
of the skin after tape-stripping. These phenomena are commonly observed in nat-
ural dry skin, such as in atopic dermatitis and psoriasis.

Acetone treatment is also used for barrier disruption [33]. Compared to
tape-stripping, this treatment breaks the stratum corneum barrier homogeneously.
On the other hand, it takes a longer period of time to break the barrier than by
tape-stripping. Thus, the barrier disruption by acetone treatment is more useful
for studies using hairless mice than human subjects because the mouse has a thin
stratum corneum.

Treatment with surfactants is another way to break the barrier [32]. The ef-
ficacy varies with each surfactant. Yang et al. suggested [34] some kind of anion-
ic surfactant such as sodium dodecyl sulfate, affecting not only the stratum
corneum barrier, but also the nucleous layer of the epidermis. Fartasch demon-
strated [35] that the topical application of SDS caused damage to the nucleated
cells of the epidermis and that acetone treatment disrupted the lipid structure only
in the stratum corneum. Some surfactants induce an inflammatory response of the
epidermis. These effects of surfactants will be described in the next section.

The degree of epidermal hyperplasia correlated with the level and duration
of barrier disruption [27]. Using hairless mice, we investigated the effects of re-
peated barrier disruption [27]. Not only epidermal hyperplasia, but also cutaneous
inflammation was observed with a longer and higher level of repeated barrier dis-
ruption by tape-stripping and acetone treatment. Flank skin of hairless mice is of-
ten used for the study, but ears of other types of hairy mice can also be used for
the study. In our previous study [27], ear skin of ICR mice showed more obvious
inflammation after repeated barrier disruption than that of flank skin of hairless
mice. Since neither the increase in epidermal cytokine production nor the de-
scribed changes in cutaneous pathology were prevented by occlusion, this model
should not be attributed to increased water loss, but rather to epidermal injury re-
sulting in the production and release of epidermal cytokines.

The xerosis induced by repeated barrier disruption would be a very useful
model for the dry scaly skin induced by environmental factors such as detergents
or organic solvents. However, although repeated barrier disruption induces in-
flammation, epidermal hyperplasia, and abnormal keratinization, there are sever-
al histological differences between this model and psoriasis. Gerritsen et al. re-
ported [36] the absence of some characteristic features of psoriasis in the dry skin
induced by repeated tape-stripping. They also demonstrated the difference of fi-
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laggrin expression between the model system and psoriasis. The different features
of these chronic skin diseases and the model system should be investigated for
further understanding of the diseases.

4 SURFACTANT-INDUCED XEROSIS

In our daily life, surfactants, i.e., detergents, are a potential cause of dermatitis
[4,5]. Thus, the dry skin induced by surfactants has been studied not only as a
model system of dry skin, but also for clinical study of skin trouble in our daily
life. As described, the surfactant could damage not only stratum corneum barrier
function, but also other skin properties.

The effect of the surfactant on skin is dependent on the type of the surfac-
tant. Wilhelm et al. demonstrated the irritation potential of anionic surfactants
[37]. They evaluated the effects of sodium salts of n-alkyl sulfates with various
carbon chain lengths on TEWL and found the maximum response on the C12
analog. In this report, they suggested that the mechanisms responsible for the hy-
dration of the stratum corneum are related to the irritation properties of the sur-
factants. Leveque et al. also suggested [38] the occurrence of the hyperhydration
of the stratum corneum consecutive to the inflammation process. They demon-
strated that the increase of TEWL was induced by SDS without removal of lipids
in the stratum corneum. Sodium dodecyl sulfate might influence not only stratum
corneum barrier function, but also the nucleated layer of the epidermis and/or
dermal system associated with inflammation [38]. A previous study revealed no
correlation between the level of epidermal hyperplasia and TEWL increase on the
SDS-irritated skin [39]. Ruissen et al. demonstrated [40] different effects of vari-
ous types of detergents on keratinocyte culture and human intact skin. As a hy-
perproliferative/inflammatory marker, they monitored SKALP, a protease in-
hibitor that is found in hyperproliferative skin. In their in vitro system, anionic
SDS induced SKALP expression, SDS also induced upregulation of involucrin
and downregulation of cytokeratin 1 expression, which are associated with epi-
dermal inflammation and hyperplasia. On the other hand, a cationic detergent,
cetyltrimethylammonium bromide (CTAB), and nonionic detergents, Nonident 
P-40 and TritonX-100, did not induce the expression of the proliferative markers
observed by the SDS treatment. Different detergents showed different features of
cytotoxicity of human keratinocyte. CTAB, Triton X-100, and Nonident-P40
showed strong, SDS showed moderate, and Tween-20 showed no cytotoxicity.
Thus, cytotoxicity was not correlated with the potential of epidermal prolifera-
tion. They also compared the induction of erythema and skin barrier disruption by
different detergents. In both parameters, SDS showed the most obvious effects;
Triton X-100 showed the smallest; and CTAB showed a moderate effect on hu-
man skin. Other reports demonstrated an induction of intercellular adhesion mol-
ecule-1 (ICAM-1) [41] or vascular endothelial growth factor (VEGF) [42] by
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SDS treatment. These results suggest that anionic detergents such as SDS have a
high potential to induce epidermal hyperplasia or inflammation. Thus, SDS has
often been used in dry scaly skin model systems.

In our previous study [16], we used human forearm skin or back skin. The
forearm skin was treated with a 5% aqueous solution of SDS and an occlusive
dressing applied. After the treatment, we washed the surfactant solution with wa-
ter and then we continuously measured TEWL, skin surface conductance, and
lipid morphology in the stratum corneum by ATR-IR for 14 days (Fig. 3). The
lipid morphology in the stratum corneum was disordered by the treatment, but re-
covered to normal within a couple of days. On the other hand, both TEWL and
skin surface conductance were abnormal even 2 weeks after the SDS treatment.
In the case of a single application of the barrier disruption by tape-stripping and
acetone treatment, these parameters recovered to normal within a couple of days.
Thus, the occlusive dressing of the surfactant affected skin not only on the stra-
tum corneum, but also the nucleated layer of the epidermis and dermis. Potential-
ly this method damages the skin too much. One must pay attention to the concen-
tration of the surfactant solution and the period of the occlusive dressing. The
skin damage varies with the individual. The subsequent occlusion substantially
increases the irritant response of the skin to repeated short-term SDS treatment.

5 OTHER SUBSTANCES WHICH COULD 
INDUCE XEROSIS

In addition to surfactants, several chemical substances also induce dry scaly skin.
Chiba et al. demonstrated [43] that topical application of squalene-monohy-
droperoxide, a product of UV-peroxidated squalene, induced dry skin on hairless
mice. In this model, they showed hyperkeratosis and epidermal proliferation. Per-
oxidized lipid by UV irradiation might be a cause of xerotic skin.

Sato et al. [44] demonstrated that cholesterol sulfate inhibited both trypsin
type and chymotrypsin type protease and suggested the inhibition of these prote-
sases reduced degradation of desmosomes, which play a crucial role in the adhe-
sion of corneocytes and, as a consequence, abnormal scales were induced. Abnor-
mality of cholesterol sulfate processing also induced serious skin abnormalities
[45]. The content of cholesterol sulfate in total lipids is 5% in the healthy epider-
mis and about 1% in the stratum corneum. Steroid sulfatase catalyzes the desulfa-
tion of cholesterol sulfate to cholesterol. In recessive X-linked ichthyosis, which
displays a large amount of abnormal scales, the level of cholesterol sulfate in the
stratun corneum was increased 10-fold because of the absence of steroid sulfa-
tase. Moreover, Nemes et al. [46] reported another potential negative role of cho-
lesterol sulfate in the stratum corneum. Involucrin cross-linking and involucrin
esterification with ω-hydroxyceramides are crucial for cornified envelope forma-
tion. They demonstrated that both reactions were inhibited by cholesterol sulfate.



211Solvent-, Surfactant-, and Tape Stripping–Induced Xerosis

FIGURE 3 (A) Model of optic system of ATR IR. (B) The change in the C–H
stretching frequency before and after acetone treatment.



212 Denda

FIGURE 4 Alteration of the skin under dry environment. Dry environment in-
duces epidermal DNA and cytokine synthesis, and the skin becomes more
sensitive to physical or chemical insults from outside.

Perturbation of stratum corneum desquamation by environmental factors
also induces scaly skin (see chapter in this volume by J. Sato)

6 XEROSIS INDUCED UNDER LOW
ENVIRONMENTAL HUMIDITY

Low humidity affects the condition of normal skin and may trigger various cuta-
neous disorders [47]. Various skin diseases which are characterized by a dry scaly
condition such as atopic dermatitis and psoriasis tend to worsen during the winter
season [48,49] (See chapter titled “Winter Xerosis” by A. V. Rawlings). In com-
mon dermatitis, a decline in barrier function often parallels increased severity of
clinical symptomology. These conditions all tend to worsen during the winter sea-
son when humidity is low [48,49]. Abundant indirect evidence has suggested that
decreased humidity precipitates these disorders, while increased skin hydration
appears to ameliorate these conditions [6]. The mechanisms by which alterations
in relative humidity might influence cutaneous function and induce cutaneous
pathology are poorly understood.

We previously demonstrated [6] that low humidity stimulates the epidermal
hyperproliferative and inflammatory response to barrier disruption. Low humidi-
ty affected stratum corneum morphology [50] and caused abnormal desquama-
tion (Fig. 4) [51]. These findings suggest that this model system, i.e., dry skin in-
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duced by low humidity, is also an important model for clinical research of skin
diseases associated with skin surface dryness.

In these studies we used hairless mice [6,50–52]. Before the experiments,
the mice were caged separately for at least 4 days. These cages were kept in a
room with temperature maintained at 22–25°C and relative humidity (RH) of
40–70%. Then the mice were kept separately in 7.2-L cages in which the relative
humidity was maintained at either 10% (low humidity) with dry air or 80% (high
humidity) with humid air. The temperature was 22–25°C with fresh air circulated
100 times per hour, and the animals were kept out of the direct stream of air. The
level of NH3 was always below 1 ppm.

Under low humidity, epidermal DNA synthesis increased within 12 hr [53].
Abnormal scaling and increase of stratum corneum thickness were also observed
within 2–3 days [51]. Obvious epidermal hyperplasia and mast cell degranulation
were observed 48 hr after the treatment of flank skin with acetone in the animals
that had been kept in low humidity for 48 hr [6]. Contact hypersensitivity to
2,4,6-trinitrochlorobenzene also increased after exposure to low humidity for 2
days [54]. An immunohistochemical study showed that the amount of interleukin
1α (IL-1α) in the epidermis was higher in animals kept in low humidity than in
those kept in high humidity [7]. The release of IL-1α from skin immediately after
tape-stripping was significantly higher in the animals kept in low humidity than
kept in high humidity. Moreover, epidermal IL-1α mRNA increased significantly
in the animals kept in low humidity for 24 hr. These studies provide evidence that
changes in environmental humidity contribute to the seasonal exacerbation/ame-
lioration of cutaneous disorders such as atopic dermatitis and psoriasis, diseases
which are characterized by a defective barrier, epidermal hyperplasia, and inflam-
mation. Because these responses were prevented by occlusion with a plastic
membrane, petrolatum, and humectant [6], this dry skin model is a good model to
evaluate the clinical methods to treat skin problems.

7 NEW ROUTES TO TREAT XEROSIS

As described, repeated barrier disruption induces epidermal hyperplasia and in-
flammation. Even slight damage of the barrier resulted in epidermal hyperplasia
under low humidity. We previously reported [55,56] several methods to acceler-
ate skin barrier repair by regulation of nonlipid factors such as enzymes and ions.
We also demonstrated that the acceleration of the barrier repair improved those
skin conditions [55]. Thus, studies on the biochemical and biophysical functions
associated with the epidermal barrier homeostasis should be important for clinical
dermatology (Table 2).

Damaged barrier function can be restored by topical application of a water-
impermeable substance such as petrolatum [57]. In this case, the petrolatum stays
in the stratum corneum and forms a water-impermeable membrane. However,
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TABLE 2 List of Applications which Accelerate Stratum Corneum 
Barrier Recovery

Lipids (Ref. 57) Petrolatum
Optimized mixture of ceramide,

cholesterol, and fatty acid (single
lipid application delayed the barrier
recovery)

Protease inhibitors (Ref. 55) Trypsin-like serine protease inhibitor
Plasminogen activator inhibitor

Ions (Ref. 56) Some magnesium salts (not all) 
Mixture of magnesium and calcium 

chloride
Histamine receptor antagonists

(Ref. 73)
H1 receptor antagonist 
H2 receptor antagonist (H3 receptor 

antagonist did not affect the barrier 
recovery)

Nuclear hormone receptor
activator (Ref. 72) PPARα activator

Man et al. demonstrated that a topically applied mixture of stratum corneum
lipids, i.e., ceramide, cholesterol, and free fatty acids, was incorporated in nucle-
ated layer of epidermis and accelerated repair of the barrier function after its be-
ing damaged [58]. Their studies first demonstrated a method to accelerate barrier
recovery by regulating endogeneous factors in the epidermis.

We previously demonstrated [55] that trans-4-(aminomethyl) cyclohexane
carboxylic acid (t-AMCHA), an antifibrinolytic agent which activates plasmino-
gen, improved the barrier homeostasis and whole skin condition. After barrier
disruption; proteolytic activity in the epidermis increased within 1–2 hr. This in-
crease was inhibited by t-AMCHA. Topical application of t-AMCHA or trypsin-
like serine protease inhibitors accelerated the barrier recovery. Moreover, topical
application of t-AMCHA improved epidermal hyperplasia induced by repeated
barrier disruption. These findings suggested that manipulations that injure the
stratum corneum activate the plasminogen/plasmin system and the increase of the
extracellular protease activity is detrimental to barrier repair and may induce
pathologic changes in the skin. Kitamura et al. also reported [59] the efficacy on
this agent to dry skin. The protease balance might be important for the barrier
homeostasis and skin pathology.

Lipid metabolism is regulated by a series of enzymes in the epidermis [22]
and each of them has their optimal conditions such as pH [66] and other ion bal-
ance [56]. For example, the pH value of the healthy stratum corneum is kept
acidic because the lipid-processing enzymes have an acidic optimal pH. Mauro et
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al. [66] demonstrated that topical application of basic buffer after barrier disrup-
tion delayed the repair process because the basic condition perturbates the lipid
processing.

Other ions such as calcium and magnesium [56,61] also play important
roles in lipid metabolism in the epidermis. We demonstrated that the topical ap-
plication of calcium or potassium reduced barrier repair, and magnesium and a
mixture of calcium and magnesium salts accelerated the repair process [56]. Top-
ical application of 10 mM magnesium chloride, magnesium sulfate, and magne-
sium lactate aqueous solution accelerated barrier repair. Application of magne-
sium bis(dihydrogen phosphate) or magnesium chloride in PBS solution did not
affect the barrier recovery rate. Application of 10 mM calcium chloride aqueous
solution delayed the barrier repair, but a mixture of calcium chloride and magne-
sium chloride accelerated barrier recovery when the calcium-to-magnesium mo-
lar ration was lower than 1. Application of the mixture also improved the condi-
tion of dry scaly skin induced by SDS treatment (Fig. 5). These results suggest an
important role for these ions in barrier homeostasis.

We demonstrated a heterogeneous distribution of calcium, magnesium, and
potassium in the human epidermis [62]. Both calcium and magnesium were lo-
calized in the glanular layer, while potassium was localized in the spinous layer.
Immediately after the barrier function, this distribution disappeared. Calcium
plays various roles in the formation of the stratum corneum barrier [61]. It in-
duces terminal differentiation [63], carnified envelope formation, and epidermal
lipid synthesis [64]. Menon et al. demonstrated that alteration of the calcium gra-
dient affects the exocytosis of the lamellar body at the interface between the stra-
tum corneum and epidermal granular layer [65]. Vicanova demonstrated [66] the
improvement of the barrier function in the reconstructed human epidermis by the
normalization of epidermal calcium distribution. The heterogeneous field which
is formed by ions such as calcium, magnesium, and potassium might be crucial
for the terminal differentiation and the barrier formation in the epidermis. Rab
plays an important role in the exocytosis and endocytosis after modification with
hydrophobic molecules [67]. Magnesium is required for the activity of Rab-ger-
anylgeranyl transferase, which modifies Rab [68]. For barrier formation, exocyto-
sis of the lamellar body is an important process. Previous studies have indicated
that Rab is modified by Rab-geranylgeranyl transferase during the terminal dif-
ferentiation of the epidermis [69]. Regulation of ion gradation in the epidermis
might be important to improve barrier homeostasis and skin pathology.

Feingold and coworkers demonstrated an important role of nuclear hor-
mone receptor on epidermal differentiation and stratum corneum barrier forma-
tion. Activation of PPARα by farnesol also stimulated the differentiation of epi-
dermal keratinocytes [70,71]. And in carnified envelope formating, involucrin
and transglutaminase protein mRNA levels were also increased by the activation
of PPARα [72]. Interestingly, DNA synthesis was inhibited by the treatment [72].
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FIGURE 5 Effect of magnesium and calcium salts mixture solution on SDS-
induced xerosis. (A) Microscopic picture of healthy human skin. (B) Micro-
scopic picture of skin surface 1 week after SDS treatment. Obvious scales are
observed. (C) Skin surface of skin treated by SDS and application of equimo-
lar mixture of MgC12 and CaC12. Most of the abnormal scales observed in (B)
were reduced.
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They also showed that topical application of PPARα activators accelerated the
barrier recovery after tape-stripping or acetone treatment and prevented the epi-
dermal hyperplasia induced by repeated barrier disruption [72]. Regulation of the
nuclear hormone receptor would open a new possibility for improvement of the
cutaneous barrier.

Recently, Ashida et al. presented the relationship between histamine recep-
tor and skin barrier function [73]. Three different types of histamine receptors,
H1, H2, and H3, have been reported. First, topical application of histamine H1
and H2 receptor antagonists accelerated the barrier repair. Histamine itself, H2 re-
ceptor agonist, and histamine releaser delayed the barrier repair. Histamine H3 re-
ceptor antagonist and agonist did not affect the barrier recovery rate. We demon-
strated that topical application of the H1 and H2 receptor antagonists prevented
the epidermal hyperplasia induced by barrier disruption under low humidity. The
mechanism of the relationship between the histamine receptors and the barrier re-
pair process has not yet been elucidated.

As described, psychological stress [23,24] and aging [26] disrupt the barri-
er homeostasis. The delay of barrier repair induced by psychological stress was
prevented by application of a sedative drug or inhalation of specific odorants
which had a sedative effect [74]. The delay of barrier recovery with aging was im-
proved by topical application of cholesterol [75] or mevalonic acid [76], because
the delay of the aged skin was caused by a decrease of cholesterol synthesis. Re-
moval of each cause of the barrier abnormality is the basic idea to improve the
barrier homeostasis. Thus, studies on the relationship between the barrier homeo-
stasis and the physiology of the whole body system is important in clinical der-
matology.

Regulation of epidermal lipid metabolism by eliminating other causative
factors might be effective to improve skin pathology. Because it can improve the
endogeneous homeostatic process, occlusion or moisturization with artificial ma-
terial could improve the skin condition. However, such treatment potentially per-
turbs the homeostasis of the skin. On the other hand, recovery of the original, en-
dogeneous skin function by acceleration of its homeostatic process results in
natural healthy skin without side effects. Methods to accelerate barrier repair
might open new possibilities for future skin care systems.

8 CONCLUSION

In modern life, various environmental factors might induce xerotic skin. Skin sur-
face dryness is caused by various factors. Decrease of free amino acid in the stra-
tum corneum is commonly observed in different types of chronic and experimen-
tally induced dry skin. Barrier abnormality is also often observed in xerotic skin,
and improvement of the barrier homeostasis is effective to improve the whole
skin condition. The series of experimentally induced xerosis presented here are



218 Denda

useful for further understanding of the mechanistic study of xerosis. These mod-
els should be important to develop a new strategy to treat xerosis.
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1 INTRODUCTION

Emollients play a central role in topical treatments in dermatology, with their pro-
tective and curative effects being of renewed interest. Different therapeutic func-
tions of dermatological emollients are well recognized, and a review of such has
recently been published [1]. Research has shown that the composition of emol-
lients is of great importance for disease treatment. For example, the more chronic
the cutaneous disease is regarded, the higher the emollient lipid content should
be, as treatment efficacy is improved with the use of adequate emollients. How-
ever, the specific role of emollients in drug delivery systems for different skin dis-
eases has not yet been studied in detail. In this chapter a number of features of
emollients will be presented, including emollient composition, classification, and
role in therapeutics; potential mechanisms of emollient function; and the role(s)
of emollients in epidermal barrier function and specific diseases. Recent studies
have shown that the use of an appropriate emollient for the treatment of specific
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skin disorders can have a significant impact on both the clinical outcome of treat-
ment and, more importantly, on the relapse-free period. The chosen emollient
should no longer be regarded simply as a drug carrier, vehicle, or delivery system,
but rather as an essential component of successful topical treatment. Thus, it may
be of importance to adapt the type and composition of emollients either as adju-
vant treatment or as the delivery system, according to the disease status.

2 BASIC EMOLLIENT CLASSIFICATION

Emollients can be divided into different classes according their composition.
However, the classification of commercially available products is often dif-

ficult or impossible based solely upon product labeling. For example, the listed
specification for the emulsion systems is commonly abbreviated either as O/W, to
delineate oil in water, or W/O, to delineate water in oil. Thus, the amount of wa-
ter, and conversely oil, in the different emulsion systems usually is not specified.
Therefore, for the purposes of dermatological compounding, pharmacopoeia for-
mulations are sometimes more suitable than commercially available emollients,
as the specific components can be identified and modulated according to specific
disease requirements. Some specific formulation examples are described through-
out this text.

FIGURE 1 Shows a phase triangle regarding dermatological compounds.
Such a classification has been useful in order to facilitate the choice of an
emollient for specific skin diseases and the state of the disease, e.g., in atopic
dermatitis.
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2.1 Hydrogel Emollients

The first class of emollients, the hydrogels, itself can be divided into two groups:
(1) surface-active hydrogels that produce a thin film at the surface and (2) car-
bomer-gels, which penetrate or act in deeper parts of the skin [1]. In general, the
penetration rate of either type of hydrogel can be enhanced increasing the amount
of isopropanol in the composition. However, the carbomer-hydrogels are rarely
used as dermatological therapeutics, as they deliver the active compounds in
deeper parts as, e.g., in heparin-containing sports-gels. For preservation reasons
the carbomer-hydrogels also contain larger amounts of ethanol, isopropanol, or
preservatives. Different amounts and types of polyethyleneglycol characterize an
additional group of hydrogel emollients. These emollients are especially useful
for antiseptic and antifungal preparations.

2.2 Oil-in-Water Emollients

Emollients usually are presented in the form of lotions (O/W emulsions) or
creams which are characterized by a hydrophilic external phase. As such, O/W
emulsions are the most frequently used emollient type for commercial topical
dermatologics. They have excellent absorption qualities and are readily formulat-
ed into cosmetically elegant products. Due to their relatively high water content,
the O/W emollients exert a cooling effect as free water is liberated following top-
ical application.

2.3 Water-in-Oil Emollients

Conversely, W/O emulsions are characterized by a lipophilic external phase. In
these preparations, the lipid phase consists primarily of petrolatum and/or paraf-
fin oil to which other lipid fractions may or may not be added. The more lipid-rich
formulations are used in chronic dermatological disease in the nonacute phase,
skin conditions where a lack of skin hydration and skin plasticity as well as an in-
creased scaling can be observed, e.g., in eczematous skin conditions.

2.4 Amphiphilic Emollients

Amphiphilic creams, which contain both W/O and O/W characteristics, can be
mixed with either lipophilic or hydrophilic (e.g., aqueous) compounds and may
be useful for a wider range of formulations. An example of a common am-
phiphilic creme is given in the German Pharmacopoeia (Deutscher Arzneimittel
Codex; DAC) as follows [2]:

Base cream DAC

Glycerol monostearate 60 4.0
Cetyl alcohol 6.0
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Mid-chain triglycerides 7.5
White petrolatum 25.5
Macrogol-1000-glycerol monostearate 7.0
Propylene glycol 10.0
Purified water 40.0

3 SPECIFIC EFFECTS OF EMOLLIENTS

Emollients exert a number of effects in and on the skin, including skin hydration,
skin cooling, and lipidization. As mentioned, the relative cooling effect of emol-
lients can be attributed to the amount of water and/or alcohol in the emulsion sys-
tem(s). This effect is more pronounced when an aqueous or alcohol phase is pres-
ent within the external phase of the formulation, e.g., in lotions, hydrogels, or
O/W emulsions. However, relatively nonstable W/O emulsions, like cold creams,
also can exert mild cooling effect(s) when applied topically to the skin [3].

Emollients also are well known to influence the hydration of the stratum
corneum, for which at least three different mechanism have been proposed:

1. The emollient can exert a direct hydrating effect by liberating water
from the formulation itself [4]. In short-term applications, this hydrat-
ing effect is more pronounced with formulations containing a high per-
centage of water when compared with lipid-rich and low-water-con-
taining preparations [5]. As expected, the hydrating effect of O/W
systems in short-term applications depends primarily on the water con-
tent of the formulation [3], since only the presence of unbound water
insures hydration of the stratum corneum. In contrast, long-term appli-
cations of either W/O or O/W emulsions with different water content
revealed hydration of the stratum corneum with the W/O but not with
the O/W emulsions [6]. Thus, although a W/O emulsion may be cos-
metically less acceptable, such a formulation can be expected to
achieve better stratum corneum hydration, especially with prolonged
use.

2. The occlusive effect of the formulation can influence stratum corneum
hydration, especially in long-term applications. A standard model for
this occlusion effect is petrolatum [5], for which the highest occlusive
effect was detected [3]. Water-in-oil emulsions with low water content
have occlusive effects similar to petrolatum, while W/O emulsions
with high water content have occlusive properties similar to O/W
emulsions [3]. Interestingly, even O/W formulations with high water
content can exert an occlusive effect after the unbound water evapo-
rates. However, the occlusive effects of each of these formulations are
not always desirable. For example, in atopic dermatitis, where a for-
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mulation with high lipid content is desired, an occlusive effect may en-
hance discomfort and induce itching response. The occlusive effects
also may enhance drug penetration, an effect that may or may not be
desired.

3. A third mechanism by which emollients influence skin hydration is ev-
ident when highly hygroscopic compounds like glycerol are applied.
By absorbing water either from the emollient itself, from surface water,
or from water evaporation, these agents then are able to increase stra-
tum corneum hydration [7,8].

In addition, emollients can exert a lipidizing or “greasing” effect that is of
great importance in skin conditions were patients express discomfort due to
cracked or rigid skin. It has been suggested that this lipidization effect be of ma-
jor importance to the plasticity of the skin [9]. Moreover, lipid-rich formulations
improve skin distensibility, while creams and gels with lower lipid content have a
more pronounced effect on skin hydration, as previously discussed [9]. The emol-
lient greasing effect appears to be limited to the application period and is not a
long-term effect.

Finally, it should be noted that compounds with distinct dielectric constants
have been shown to influence the electrophysical properties of the stratum
corneum as measured by capacitance- or conductance-based instruments [10].
Thus, it is plausible that topically applied moisturizing creams might be a source
of false-positive results using these instruments [11]. Although a good correlation
between capacitance values and water content of the tested creams has been
demonstrated [11], a sufficient time lag following application of compounds
should be allotted before any such measurements are registered.

4 BARRIER PROTECTION AND BARRIER RECOVERY

A number of factors are involved with determining the effectiveness of emol-
lients to protect skin barrier. Commonly used barrier creams, which are either
W/O emulsions or emollients with lipophilic character, are claimed to protect
against hydrophilic irritants. On the other hand, barrier creams that are O/W
emulsion systems, or that act like hydrophilic systems, are thought to protect
against lipophilic irritants. Dermatological skin protection (especially in work
conditions) is based on different product groups in situations where barrier or
protective creams are employed. For example, pre-exposure skin care includes
the use of O/W and W/O emulsions, tannery substances, zinc oxide, talcum, per-
fluorpolyethers, chelating agents, and UV protectors [12]. However, cleansing
products and postexposure skin care are two other important components of skin
protection. Postexposure skin care is based on emollients, moisturizers, humec-
tants, and lipid-rich formulations. Although claimed protective effects have been
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shown using specific test conditions, double-blind, placebo-controlled, random-
ized trials are still lacking, especially under conditions that approximate real
workplace situations [12]. In fact, cumulative stress tests with repetitive applica-
tion of irritants appear to be the best conditions for approximating work condi-
tions [13–19].

The distinction between skin protection and skin care is not always clear.
For example, in nurses a barrier cream was compared with its emollient vehicle
for effects on clinical improvement. Interestingly, both clinical skin status and
stratum corneum hydration improved significantly in each treatment group, with-
out evidence of a difference between the emollient and the barrier cream groups
[20]. Thus, the emollient or vehicle alone often shows a significant improvement
of the clinical skin conditions as well as the stratum corneum hydration. Thus
Berndt and colleagues proposed that a strict distinction between skin care and
skin protection products should not be maintained [20]. Correct instructions for
the consumer should be stressed with regard to regular and frequent application
of a protection product in order to be effective [21]. In addition, a recent study
discussed whether claims could be made with respect to protective and preventive
properties of topically applied body lotions and barrier creams [22]. In this par-
ticular study, enhanced stratum corneum hydration, improved barrier function, as
well as a faster barrier recovery were reported after sodium lauryl sulfate (SLS)
barrier disruption [22].

Exposure to tensides represents a common potential workplace irritant.
Protection against tensides seems to be more effective with lipid-enriched emol-
lients, such as W/O emulsions [23,24]. In contrast, Held and colleagues showed
that a 4-week pretreatment of normal skin with W/O emollients increases suscep-
tibility to detergents (sodium lauryl sulfate) [25]. Thus the long-term application
of barrier creams in working conditions where detergents are present should be
carefully evaluated.

Clinical observations have established that skin irritants are more harmful
in dry skin conditions. Thus emollients often are used to increase the water con-
tent of the stratum corneum as a preventive measure [26]. Moisturizer-containing
emollients prevent irritant skin reactions induced by detergents and may also ac-
celerate regeneration of barrier function in irritated skin [27]. Emollients with
moisturizing properties usually contain either singly or in combination humec-
tants, such as urocanic acid, ammonia, lactic acid, pyrrolidone carboxylic acid,
urea, citrate, glycerol, sorbitol, and hydroxyacids. These agents belong to a group
called natural moisturizing factors (NMF), or moisturizers. Their common prop-
erties include the increase of hydration and the enhancement of water-binding ca-
pacity in the upper stratum corneum. Reduced NMF content in the stratum
corneum can diminish water-absorption capacity and may result in perturbation
of corneodesmolysis leading to hyperkeratosis [28].
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Emollients with barrier properties also can prevent certain types of epider-
mal damage. For example, Fartasch and colleagues have shown that alterations of
the lower part of stratum corneum and damage to the nucleated layers of the epi-
dermis are induced by sodium lauryl sulfate [29]. In this model, formation of
lamellar lipid membrane structures was disturbed in the lower stratum corneum.
In contrast, the upper stratum corneum showed intact intercellular lipid bilayers.
The barrier disruption effect of SLS was prevented by the application of a barrier
cream (discussed in more detail subsequently), with diminished sodium lauryl
sulfate penetration as the likely mechanism [29].

4.1 Emollients in Atopic Dermatitis

The utility of emollients in the treatment of atopic dermatitis is well recognized.
In atopic dermatitis stratum corneum, hydration and water-binding capacity are
reduced [30–32], and impaired barrier function is readily observed in involved
skin [30,33]. These patients also are more prone to develop an irritant contact
dermatitis [34] and show less pronounced so-called hardening effect than healthy
control patients, i.e., with repeated skin barrier disruption, the barrier deteriora-
tion stopped after a certain time, suggesting that the stratum corneum accommo-
dates the barrier insults [35]. In atopic dermatitis stratum corneum, the content of
barrier lipids is reduced, most prominently that of ceramide 1 and ceramide 3
[33,36]. This reduction of ceramide levels may result form the overaction of a
sphingomyelin deacylase enzyme [37,38]. However, sebaceous gland activity, the
role of which remains unknown, also is reduced in these patients [39]. Moreover,
in atopic dermatitis stratum corneum the membrane-coating granules, or lamellar
bodies, are incompletely extruded and organized. This, along with the altered
stratum corneum lipid content, may partly explain the impaired barrier function
in these patients [40].

Thus, ideal emollients for patients with atopic dermatitis should

Improve barrier function
Have protective properties
Improve stratum corneum hydration
Have an antibacterial active compound (e.g., Staph. aureus)

These demands can be met by emollients

Showing W/O emulsions properties with a high water content [24]
Containing a moisturizer (e.g., glycerol, urea) [7,41]
Having a physiological lipid mixture [42–44]
Containing an antiseptically active compound (e.g., triclosan) [45,46]

In this regard, urea-containing emollients were able to improve skin barrier func-
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*Beiersdorf, Hamburg, Germany.
†Hansen & Rosenthal, Germany: mineral oil 77.9%, polyglyceryl-3-isostearate 10.0%, isopropyl
palmitate 8.0%, polyethylene 4.1%.
§Spirig AG, Egerkingen, Switzerland: containing 4% urea and Triclosan.

tion and to reduce skin susceptibility to irritants within patients suffering from
atopic dermatitis [41]. Evening primrose oil (20%) in a W/O emulsion (but not in
an amphiphilic emulsion system) also improved barrier function and stratum
corneum hydration in atopic patients [47].

Some examples of useful formulations for water-rich W/O emollients for
patients with atopic dermatitis are as follows [1]:

W/O emulsion I

Urea 5.0
Glycerol 85% 10.0
Triclosan 3.0
Eucerinum W/O emollient* ad 100.0

W/O emulsion II

Urea 5.0
Glycerol 85% 10.0
Triclosan 3.0
Pionier KWH Pharm† 30.0
Citric acid anhydr. 0.07
Magnesium sulfate heptahydrate 0.5
Purified water ad 100.0

W/O emulsion III

Glycerol 85% 22.0
Triclosan 4.4
Excipial U Lipolotio§ ad 220.0

These emollients have shown good stability for more than 3 months [1] and can
be used for compounding other active ingredients like evening primrose oil or
pale sulfonated shale oil (in W/O emulsion I). As a note of caution, formulations
intended for facial use should avoid urea due to its irritative potency and potential
[48].

For patients showing allergic reactions to constituents of emollients [49]
(e.g., patients with a long history of leg ulcers [50]), fragrances, lanolin, cetyl-
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stearyle alcohol, and parabens should be avoided, if possible. In such instances,
the following emollient can be recommended [1]:

Cold cream

Cytylwaxester 11.75
Beeswax 13.5
Paraffin oil 63.25
Purified water 11.50

5 ROLE OF LANOLIN IN EMOLLIENTS

Lanolin, or wool wax, is the secretion product of sebaceous glands of sheep and
serves to impregnate and protect the wool fibres. Commercially available lanolin
is commonly a mixture of wool wax (65–75%), water (20–30%), and paraffin (up
to 15%). Wool wax contains mainly sterol esters, ester waxes, hydroxyesters, and
lanolin alcohols (6–12%), with about 40% of the esters containing α-hydrox-
yesters. However, the exact number of different esters is yet unknown.

Moreover, the sensitization potential of lanolin remains still under discus-
sion [51]. Clark has proposed a reduction or purification of lanolin alcohols in or-
der to minimize the risk of sensitization [52,53]. Interestingly, an epidemiological
study revealed that lanolin-induced allergies occur in less than 0.001% of indi-
viduals, i.e., less than ten per million [54], while a recent studies showed higher
percentage of positive test reactions in children with atopic dermatitis (1.7 and
4.4%) [55,56]. The population of the pediatric studies [50,51] was much more se-
lected than the population in the epidemiological study [50]. Kligman suggests
that most of the lanolin sensitization cases represent false-positive results, and
thus wool wax–containing products can be considered safe [51].

Lanolin has known moisturizing properties [57], similar to petrolatum, with
long-term effects that can be detected up to 14 days after termination of treatment
[57]. The hydrating effect of lanolin has been shown using electrophysical mea-
surements [58,59]. While lanolin penetrates into the stratum corneum, it remains
concentrated in the upper layers [60]. Compared with vehicle, topically applied
lanolin accelerated barrier recovery following an acute barrier disruption with
acetone [61]; 3% lanolin significantly reduced trans-epidermal water loss both 45
min and 4 hr following disruption. Moreover, the immediate effect of lanolin on
barrier recovery was pronounced. In fact, the positive barrier effect of lanolin was
comparable to that of an optimized ratio of stratum corneum lipids, i.e., a barrier
formulation (to be discussed in more detail) including cholesterol, ceramides, es-
sential fatty acids, and nonessential fatty acids in a ratio 3:1:1:1 [42,44,61]. Final-
ly, skin roughness is positively influenced by formulations containing lanolin in a
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dose-dependent manner [62]. Thus, although the exact nature of contact sensiti-
zation against lanolin has not been revealed, the positive effects of this compound
appear to far outweigh the allergic risk potential.

6 PETROLATUM AS EMOLLIENT MODEL

Petrolatum (petroleum jelly) is regarded as a standard emollient and is widely
used in both therapeutic and cosmetic applications. Petrolatum is a purified mate-
rial obtained from petroleum consisting of a variety of long chain aliphatic hy-
drocarbons. It has been used in skin care since the late 19th century, yet is still
listed in the current pharmacopoeia (e.g., in the United States and Germany). In
practical dermatology petrolatum is used either as vehicle for patch testing or
drug delivery and as an adjuvant emollient.

Usually, petrolatum does not contain significant water and as such has a
long stability. It is considered to be an inert emollient with no direct irritation ef-
fect. Petrolatum is frequently used as vehicle for patch testing, representing the
classic vehicle for lipophilic compounds in this setting. Petrolatum-based formu-
lations have shown excellent stability, as there is no or only little change in incor-
porated compound concentrations in petrolatum. The remarkable value and long
shelf-life of petrolatum are derived both from its oxidation-resistant properties
and from the minimal chemical degradation petrolatum compounds undergo [63].

Petrolatum can be used as drug delivery system especially for lipophilic
agents, but also in liposomal formulations [64]. When applied topically, petrola-
tum itself penetrates only the very superficial layers of the stratum corneum. The
most important property of petrolatum is its moisturization of the stratum
corneum, attributable to its relative occlusive effects (as discussed previously)
[3,65]. As such, petrolatum is considered a standard emollient for comparative
testing of hydration and barrier repair [66].

The hydration effect of petrolatum on the stratum corneum has been mea-
sured by a number of noninvasive methods, including capacitance, conductance,
optothermal infrared spectrometry, and trans-epidermal water loss [3,5,9,59,67,
68]. In many studies petrolatum is used as positive standard to demonstrate the re-
duction of trans-epidermal water loss. Petrolatum is regarded as one of the most
potent occlusive emollients [3,5]. Ghadially and colleagues reported an accelerat-
ed barrier recovery after barrier disruption using topical petrolatum [69]. In this
study, penetration of petrolatum throughout the stratum corneum interstices was
evident, allowing normal or even accelerated barrier recovery despite its occlu-
sive properties [69]. Figure 2 shows a significantly accelerated barrier recovery of
petrolatum-treated human skin following acute barrier disruption at 6, 24, and 48
hr [69].

As seen in Fig. 3 petrolatum-treated skin revealed large quantities of floc-
culent, moderately electron-dense material limited to the stratum corneum inter-
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FIGURE 2 Petrolatum accelerates barrier recovery rates after repeated appli-
cations of petrolatum following acute barrier disruption with acetone in hu-
mans. Values are given in mean +/– standard error of the mean (n = 5); *p <
0.05 with the paired t-test. (From Ref. 69.)

cellular spaces and extending to the lower layers of the stratum corneum. Figure
4 gives further information about the relation of topically applied petrolatum to
the intercellular lamellar bilayers in the stratum corneum. In some cases lead-la-
beled petrolatum itself showed a lamellar structure [69].

In addition, a petrolatum-based barrier cream for hand dermatitis has
shown positive results [70]. Moreover, a petrolatum-containing cream showed a
decrease in bacteria colonization and a reduced frequency of dermatitis in prema-
ture infants [71]. The reported comedogenicity of petrolatum remains controver-
sial, as the rabbit ear model used in the studies on this topic does not accurately
predict skin conditions in humans [72–74]. Thus, it is clear that the dermatologic
utility of petrolatum remains high, with new uses being developed regularly.
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FIGURE 3 Ruthenium tetroxide staining of petrolatum treated murine stra-
tum corneum. Expansion of intercellular space (brackets) is filled with floccu-
lent, amorphous material at several levels within the stratum corneum (*).
(×60,000). (From Ref. 69.)

For example, Morrison reports that a number of recent patents claim utility
of petrolatum for different skin care products, including one for treatment of dia-
per rash, a moisturizing bar with soap containing petrolatum as a major compo-
nent, a skin care product to reduce wrinkles, and products for moisturization and
skin conditioning [63]. Recent publications using disposable diapers designed to
deliver a petrolatum-based formulation continuously to the skin also have shown
significant reductions in severity of erythema and diaper rash [75,76].



235Clinical Effects of Emollients on Skin

FIGURE 4 Ruthenium tetroxide staining of lead-containing, petrolatum-treat-
ed murine stratum corneum. Note expansion of intercellular space by large
amounts of nonlamellar, flocculent material (*), with lamellar bilayers dis-
placed to one side of intercellular spaces. Additionally lead deposits decorat-
ing lamellar bilayers can be noticed (arrows) (×80,000). (From Ref. 69.)

7 ROLE OF PHYSIOLOGICAL LIPIDS IN 
EMOLLIENT FORMULATIONS

The barrier function of the skin is mediated by intercellular bilayers in the stratum
corneum. Cholesterol, ceramides, and essential and nonessential fatty acids play
key roles in the formation of these bilayers [77,78]. Stratum corneum lipids are
composed of about 40% ceramides, 25% cholesterol, and 20% free fatty acids (by
weight) [78]. Taking the average molecular weight of these three lipid classes into
account, the normal stratum corneum has an approximately equimolar physiolog-
ic ratio of ceramides, cholesterol, and free fatty acids. Following barrier disrup-
tion in hairless mice, epidermal cholesterol and fatty acid syntheses are immedi-
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ately increased, while increased ceramide production is evident about 6 hr later
[77,79–81]. These key barrier lipids are delivered to the intercellular space of the
stratum corneum as a mixture of precursors by the extrusion of lamellar body
content at the stratum granulosum–stratum corneum interface [82,83]. Fusion of
the extruded lamellar contents within the lower stratum corneum leads to contin-
uous membrane sheets, which ultimately form mature membrane bilayer struc-
tures [82,84]. The final membrane structural transformation correlates with
changes in lipid composition, i.e., the polar lipid precursors (glycosphingolipids,
phospholipids, and cholesterol sulfate) are metabolized to more nonpolar lipid
products [77,83]. (See Fig. 5.)

Topical application of physiologic lipids has distinct effects from those of
nonphysiologic lipids like petrolatum. For example, studies have shown that top-
ical application of only one or two of the three physiologic lipids to a disrupted
hairless mouse skin impedes rather than facilitates barrier recovery, evidenced by
changes in trans-epidermal water loss [79]. However, if members of all three key
lipid classes (i.e., cholesterol, ceramide, and free fatty acid or their precursors) are
applied together to barrier-disrupted skin, normalized rates of barrier repair are
observed [42,79]. The topically applied physiologic lipids not only are concen-
trated in the stratum corneum membrane domains, but also are delivered to the
nucleated layers of the epidermis [42,79]. Depending on the composition of the
lipid mixture, either normal or abnormal lamellar bodies are formed, ultimately
resulting in either normal or abnormal lamellar membrane unit structures in the
stratum corneum intercellular spaces [42,79]. The process of passive lipid trans-
port across the stratum corneum as well as the uptake into nucleated cells (stra-
tum granulosum). The subsequent reorganization of lamellar unit structures takes
about 2 hr after acute barrier disruption in murine epidermis [79,82]. It appears

FIGURE 5 Lamellar body exocytosis and end-to-end fusion of lamellar
body–derived sheets to uninterrupted plasma membranes, and subsequent
compaction of adjacent membrane sheets into lamellar bilayer unit struc-
tures. These changes correlate with extracellular lipid processing of polar
lipids to nonpolar lipids. These steps are required in order to form the inter-
cellular bilayer structures. (From Ref. 85.)
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that the incorporation of applied physiologic lipids into barrier lipids follows two
pathways: (1) direct incorporation into stratum corneum membrane domains and
(2) lipids appear to traverse the intercellular route in the stratum corneum and ul-
timately get incorporated in at lower stratum granulosum cells. The intercellular
lipids then appear able to enter the nucleated cells, incorporate into the appropri-
ate lipid metabolic pathway(s), and ultimately utilize the lamellar body delivery
system to re-enter the intercellular membrane domains [42]. Topically applied
lipids to either intact or acetone-treated skin did not downregulate the physiolog-
ical lipid synthesis [86,42]. These studies support the hypothesis that the epider-
mis can internalize and process physiologic lipids (Fig. 6).

In contrast, nonphysiologic lipids like petrolatum appear to simply form a
bulk hydrophobic phase in the stratum corneum intercellular spaces to restore the
barrier under similar conditions [42,69]. The same studies showed further en-
hancement of barrier recovery if the proportion of one of the fatty acids (linoleic

FIGURE 6 Putative route of incorporation and processing of exogenous
physiologic lipids within cells of the outermost granular layer. Exogenous
lipids may be delivered by an endocytic pathway to the transgolgi complex.
These lipids become available for the lamellar body formation. (From Ref.
42.)
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acid, palmitic acid, or stearic acid) or the other key species was augmented to
threefold in a four-component system, i.e. consisting of fatty acid, ceramide, cho-
lesterol, and essential fatty acids in a 3:1:1:1 ratio [43]. Interestingly, the structur-
al requirements of this lipid mixture are not restricted to essential fatty acids, find-
ings that were confirmed in similarly disrupted human barrier [43]. Also
interesting, acylceramides applied as a single agent delayed barrier recovery.
However, acylceramides in a mixture with cholesterol (optimum ratio of 1:5:1 or
1:2) also revealed accelerated barrier recovery after acute barrier disruption [43].
Moreover, in another study stratum corneum hydration (measured by conduc-
tance) was increased 4 hr after topical application of cholesterol/acylceramide/
petrolatum/glycerol-containing vehicle (propylene glycol/ethanol) [87]. These
findings were confirmed as accelerated barrier repair was noted using a similar
formulation after tape-stripping, solvent treatment, and some types of detergent
treatment [88]. Specifically, topical application of the physiologic lipids choles-
terol, ceramide, palmitate, and linoleate in the ratio of 4.3:2.3:1:1.08 showed en-
hanced barrier recovery. However, it must be noted that in barrier repair versus
hydration studies, correlations between moisturizing properties and barrier repair
mechanism of applied lipid mixtures are not always evident. Actually, the best
hydrating lipid composition is often different from the optimal barrier repair for-
mulation and vice versa [87].

8 CONCLUSIONS

In this chapter different roles of emollients have been presented, including emol-
lient classification, with some examples of compounded emollients and specific
effects of emollients with special focus on barrier protection and barrier recovery.
An extended discussion was presented on the special functions of lanolin, petro-
latum, and physiological lipids in emollient formulation. Choosing the appropri-
ate emollient for the treatment of different skin diseases may have a high impact
on the clinical outcome of a treatment and even more on the relapse-free period.
The chosen emollient should no longer be regarded simply as a drug carrier or ve-
hicle or drug delivery system but as an essential part of topical treatment. Thus it
may be of importance to adapt type and composition of the emollient according to
the evolution of the disease either as an adjuvant treatment or as drug delivery
system, especially in dermatological prescriptions. This review may help in a bet-
ter understanding of specific function(s) of emollients and enable an evidence-
based use of different emollient types and compositions.
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1 INTRODUCTION

Dry skin is a complex phenomenon in which the skin can feel rough, tight, and
itchy and visibly look “dry” due to the appearance of macroscopic flakes or scale
on the skin surface [1]. To understand dry skin, we must first understand the
processes taking place both in the epidermis and the stratum corneum, but partic-
ularly within the superficial layers of the stratum corneum because this is ulti-
mately where dry skin is manifest. Dry skin results from a perturbation in the
process of desquamation, the progressive degradation of the cohesive forces
binding the corneocytes of the stratum corneum [2]. In healthy skin, desquama-
tion is a carefully regulated process in which the surface corneocytes are shed in
careful balance with the underlying formation of new corneocytes at the stratum
granulosum/corneum boundary, without compromising the overall integrity of
this critical tissue. Desquamation is not only responsible for maintaining stratum
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corneum thickness, but by ensuring a continual turnover of corneocytes it also
protects against the ever-present damaging effects of the environment. The major
event occurring in desquamation is the controlled degradation of the cor-
neodesmosomes, rivet-like protein complexes that, by linking neighboring cor-
neocytes, represent the principal cohesive element of the tissue. Less well-under-
stood changes in lipid organization and phase behavior also play a role in
facilitating this process. Under normal conditions, the corneodesmosomes are de-
graded by proteases, located in the stratum corneum intercellular space, which
hydrolyze the binding regions of these structures. (For reviews see Refs. 3 and 4.)

Fundamentally, dry skin occurs when the desquamation process is per-
turbed and the peripheral corneodesmosomes are not degraded, resulting in an ac-
cumulation of cohesive rafts of corneocytes on the skin’s surface [5]. These accu-
mulations of surface corneocytes are manifest as dry flaky scale. Probably the
major extrinsic factor involved in perturbation of the desquamation process is re-
duced humidity, although low temperature and UV damage can also precipitate
this condition [6]. Low environmental humidity increases the desiccation stress
on the outermost layers of the stratum corneum, leading to a reduction in water
content. Since the desquamatory enzymes require water for functionality, the re-
duced water content then leads to a decrease in the activity of these hydrolytic en-
zymes, perturbed corneodesmosomal hydrolysis resulting in skin scale [7].

Due to the crucial importance of water to the desquamatory process, the
most effective treatment for common dry skin ailments is moisturization, a fact
initially demonstrated by Irwin Blank in the 1950s [8]. His demonstration that the
low moisture content of the skin was the primary factor in causing the dry skin
condition was the beginning of moisturization research as we know it.

2 WATER AND THE STRATUM CORNEUM

As the main barrier tissue against the environment, the major role of the stratum
corneum is to prevent water loss. This is primarily achieved by the network of or-
ganized lipid lamellae surrounding the corneocytes, which are highly effective at
reducing water flux through this tissue, although without question the physical
presence of the multiple layers of corneocytes play a significant role [9]. Except
during water immersion or with total skin occlusion, we are constantly losing wa-
ter to the atmosphere. However in desiccating conditions, where the external hu-
midity is less than 100%, water will be continuously transferred outward and be
lost from the skin. This is referred to as trans-epidermal water loss (TEWL) and is
general regarded as a measure of the barrier competency [10,11]. This water loss
from the surface of the stratum corneum is replenished from the hydrated tissues
below, resulting in a water flux across the skin [12].

Paradoxically, the stratum corneum must not only be an efficient barrier to
water loss, but must itself retain water to allow the hydrolytic events essential for
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FIGURE 1 Effect of relative humidity on water binding of guinea pig footpad
stratum corneum. (Modified from Ref. 14.)

maturation together with desquamation and also to maintain tissue plasticity (see
later discussion). Water retention in the stratum corneum is achieved primarily
due to the presence of high concentration of small hygroscopic molecules, the
natural moisturizing factors (NMF) [13]. In addition, it has also been suggested
that the polar barrier lipids, the ceramides, also function to retain water within
this tissue.

Compared with other “normal” aqueous tissues, the stratum corneum usual-
ly contains very little water (5–15% by weight), especially the outer layers. Due
to the combined action of the hygroscopic molecules, the stratum corneum has
the ability to imbibe five to six times its own weight in water resulting in a gener-
al swelling of the tissue. Moreover the resultant hydration of the stratum corneum
is dependent on the ambient relative humidity (RH) in a logarithmic relationship.
Typical hydration RH curves can be seen in Fig. 1 [14]. The water content of the
stratum corneum is also temperature dependent. At a given RH, the water content
of the stratum corneum was observed to increase by 50% when the temperature
was raised from 20 to 35°C at RH below 60% RH.

The bonding of water within the stratum corneum varies depending on the
water content of the tissue. Around 10–15% of water is tightly bound to the polar
groups of the structural proteins and is essentially unavailable for hydrolytic
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processes. As the water content increases, the water is less tightly bound; and
above about 40% it essentially acts as free bulk water [15].

3 MOISTURIZERS AND HUMECTANTS

It is not surprising, regarding the importance of water to the stratum corneum
maturation process that moisturization is still the most effective treatment avail-
able for common dry skin. However, despite the importance of water to the
desquamatory process and tissue plasticity, topically applied water is in fact a
poor treatment for dry skin. It can initially alleviate the signs of dry skin; howev-
er, the effect of water in any moisturizing product only provides short-term relief
of dry skin (minutes) as it quickly evaporates from the skin’s surface and does not
address the underlying problem of impaired enzyme activity.

As exogenous water alone is insufficient to moisturize the skin and correct
the aberrant desquamatory process, cosmetic treatments to alleviate the condition
are required, i.e., moisturizers.

Classically, three approaches can be used to moisturize the stratum
corneum: (1) emolliency (to mask the rough scaly condition); (2) occlusion (to re-
duce water loss from the skin); or (3) humectancy (to help retain water in the
skin). The last two routes work by retaining water in the stratum corneum, which
would be naturally lost from the body by TEWL. The humectancy route can also
attract water to the skin from the outside but only under high humidity conditions.
In reality modern commercial moisturizers act by a combination of these effects,
normalizing the water content of the upper layers of the stratum corneum and, by
increasing enzyme activity, lead to an improvement in the natural exfoliation
process and a smoother moisturized skin surface [7]. In this chapter we review the
function of humectants and how, by helping to retain water, they affect the biolo-
gy of the stratum corneum.

Humectants are water-soluble organic compounds, typically polyhydric al-
cohols (polyols) that can imbibe water. Indeed, these can be thought of as the cos-
metic equivalents of the NMF. The most common is glycerol, but other examples
include sorbitol, propylene glycerol, butylene glycol, urea, sodium lactate, and
sodium pyrollidone carboxylic acid (PCA) (the last three being intrinsic moistur-
izers produced within the stratum corneum).

The efficacy of humectants can be determined using a simple hygroscopic
measurement. The humectant is equilibrated in an atmosphere of defined constant
relative humidity and weighed, and the final weight is compared to the value for
the dry weight of the humectant, determined after treatment with phosphoric ox-
ide (Table 1). Alternatively, a more realistic method of determining humectancy
involves treating samples of stratum corneum with the agent and then incubating
under defined humidities and determining water uptake [16]. In both of these as-
says, the sodium and ammonium salts of PCA and lactic acid are the most effec-
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TABLE 1 Hygroscopicity and Water-Holding Capacities of Humectants
(25°C, 50% RH)

Humectant
Hygroscopicity

(H2O mg/100 mg)
Water-Holding Capacity

(H2O mg/100 mg)

DPG1 12 8
Sorbitol 1 21
PEG 2002 20 22
Glycerin 25 40
Na-PCA3 44 60
Na-lactate 56 84

1Dipropylene glycerol
2Polyethylene glycerol (MW 200)
3Sodium pyrrolidone carboxylate
Source: Modified from Ref. 16.

tive humectants, although glycerol is also extremely effective. Nevertheless, as
will be outlined later in this chapter a simple humectancy assessment of glycerol
fails to emphasise its true value as a highly effective conditioning agent for the
skin.

4 EFFECT OF HUMECTANTS ON STRATUM
CORNEUM FLEXIBILITY

Originally dry skin was thought to be the result of the mechanical cracking of a
dehydrated stratum corneum, and therefore the purpose of water was to influence
the plasticization of the skin [8]. We now know that this is a considerable simpli-
fication, and the primary precipitating event in the formation of dry skin is the im-
pairment of several hydrolytic events, of which desquamation is the most critical.
However, flexibility of the stratum corneum is essential if the permeability barri-
er is to remain intact. Furthermore, the level of hydration affects the pliability and
overall mechanical properties of the stratum corneum. Blank [8] estimated that a
concentration of 10% of water in the stratum corneum was the critical level of hy-
dration for pliability and that this could be obtained at 60% relative humidity. We
have also demonstrated that stratum corneum extensibility behavior is influenced
by relative humidity and that optimal extensibility is related to the cohesive prop-
erties of the tissue, which are in turn influenced by the underlying desquamation
process. Under low humidity conditions the flexibility of the stratum corneum
can sometimes be compromised, and the tissue is potentially susceptible to dam-
age due to mechanical stress [17].
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It is the less tightly bound water or the free water, dependent on the pres-
ence of natural moisturizing factors and the intercellular lipids, that is responsible
for the plasticizing effect on the stratum corneum. Topically applied water alone
only provides a temporary effect as it is lost by evaporation from the skin (Fig. 2).

Takahashi et al. [16] have also investigated humectancy and stratum
corneum plasticization. They determined that the higher the water-holding capac-
ity, the more the plasticizing effect. In line with the known humectancy, the sodi-
um salts of PCA and lactic acid were more effective than glycerol at 50% RH
(Fig. 3). Urea was also effective at plasticizing the stratum corneum, a property
which is believed to be related to its well-known hydrogen bond–breaking poten-
tial [18]. Similarly, Middelton [19] measured changes in stratum corneum exten-
sibility and water-holding capacity and showed that at 81% RH sodium lactate
and sodium PCA were as effective as other moisturizing agents. However, one
potential problem with these simple salt humectants is that their imparted benefits
are generally lost on washing.

Our own work has focused on the pleiotropic properties of the humectant
glycerol. We have demonstrated that at 44% RH glycerol is an effective plasticiz-
er of the stratum corneum (Fig. 4), although at higher humidities glycerol shows
no advantage in plasticization effects compared with propylene glycol or sodium

FIGURE 2 Temporary effect of water on plasticization of stratum corneum.

24 µL water applied/cm2

Time (Min)
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FIGURE 3 Relation between water-holding capacity of humectants and their
stratum corneum plasticizing effects. (Modified from Ref. 16.)

lactate. The plasticization effects of glycerol could result from its effects on stra-
tum corneum lipids, although it will also influence protein behavior. However, in
our linear extensiometer method we are probably only measuring the influence of
glycerol on the lipid lamellae [17]. These properties reflect the ability of glycerol
to improve stratum corneum flexibility by breaking hydrogen bonding between
the headgroups of adjacent ceramide within the highly organized lipid microenvi-
ronment.

5 EFFECT OF HUMECTANTS 
ON CORNEODESMOSOMES

The topical application of humectants is certainly effective in ameliorating the
symptoms of dry skin, but do they function by normalizing the hydrolysis of cor-
neodesmosomes? To examine the effect of glycerol upon this process, we have
investigated changes in stratum corneum morphology, changes in the levels of
desmoglein 1—a constituent protein of the corneodesmosome which is known to
be degraded in desquamation [4]—and finally changes in the desquamatory po-
tential of the stratum corneum following treatment [7].

Electron microscopy studies revealed that extensive corneodesmosome
degradation occurred in the stratum corneum incubated under a variety of hu-
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FIGURE 4 Effect of humectants on stratum corneum plasticization at 44% RH.

midities. At high humidity (Fig. 5b), corneodesmosomes were clearly in various
stages of degradation, whereas at low humidity (Fig. 5a), degradation was less
obvious. The application of lotions containing glycerol to tissue samples incubat-
ed at high humidity was seen to further increase corneodesmosomal degradation.
In such samples it was difficult to locate the electron-dense corneodesmosomal
structures within tissue sections (Fig. 5c), although such structures were readily
observed in untreated tissue or tissue incubated at low humidity (Fig. 5a). How-
ever, glycerol lotions had no effect on increasing desmosomal degradation under
conditions of low humidity (data not shown). To quantify corneodesmosome di-
gestion, the number and type of corneodesmosomes (arbitrarily designated as ei-
ther “fully-intact”—electron-dense structures closely associated with corneocyte
envelopes—or “partially-degraded”—structures with electron-lucent areas and/or
separated from corneocyte envelopes) were determined in 20 representative elec-
tron micrographs for each treatment. Although the total number of corneodesmo-
somes counted per unit area was not largely affected by the differing humidities,
there was a clear indication of advanced corneodesmosomal digestion at the high-
er humidity. At 44% RH the mean number of intact electron-dense corneodesmo-
somes was found to increase three- to fourfold when compared to tissues incubat-
ed at 80% RH. In control versus glycerol-treated tissue the mean number of total
corneodesmosomes was decreased from 14 corneodesmosomes per unit area
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FIGURE 5 Osmium tetroxide– and potassium ferrocyanide–fixed stratum
corneum. (A) Control tissue, no glycerol treatment, incubated at 44% RH for
7 days. Note intact electron-dense desmosomes attached to corneocyte en-
velopes (*). (B) Tissue incubated at 80% RH for 7 days (no glycerol treat-
ment). Note partial degradation of corneodesmosomes, vacuolated struc-
tures beginning to be dissociated from corneocyte envelopes (*). (C) Tissue
incubated at 80% RH for 7 days following 5% glycerol treatment. Note pauci-
ty and virtually complete degradation of corneodesmosomes no longer at-
tached to corneocytes (*). Each micrograph shows the lower levels of the
stratum corneum (stratum compactum) where corneodesmosomes are in
greater abundance. Areas of corneocyte interdigitation can be seen in (B)
(×200,000; bar = 0.05 mm). (Modified from Ref. 7.)

(control tissue) to 4 corneodesmosomes per unit area (glycerol). The numbers of
intact electron-dense corneodesmosomes were also dramatically reduced to a
mean of 1 per unit area (Fig. 6).

To examine desquamatory potential, a corneocyte release model was estab-
lished where biopsied skin was incubated at a variety of humidities with or without
pretreatment with a range of lotions. Following incubation for 24 hr at 20°C and
80% RH, each biopsy was placed into 0.1M Tris-HCl buffer, pH 8.0, and vortexed
in microfuge tubes. This procedure detached functionally desquamated corneo-
cytes from the surface of the biopsy. The corneocytes were then recovered by cen-
trifugation and counted in a microhaematometer as a measure of desquamation.

As can be seen from Fig. 7, the desquamation rates for skin incubated at 80
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FIGURE 6 Comparison of the number of corneodesmosmes in control stra-
tum corneum and stratum corneum incubated for 7 days at 44% RH, 80% RH,
and 80% RH following 5% glycerol treatment. Note the decrease in intact 

and total corneodesmosomes (structures that are electron dense and
attached to corneocyte envelopes) in glycerol-treated tissue incubated at
80% RH. (Modified from Ref. 7.)

and 100% humidity are essentially indistinguishable. However, at lower humidi-
ties the desquamation rate is very much reduced. These data suggest that even
though the hydration of the skin is greater at 100% RH, this has no dramatic ef-
fect on desquamation compared with 80% RH, when the skin is losing a greater
amount of water. This observation is consistent with the accepted scientific view
that the stratum corneum only needs to contain 10–20% water to function proper-
ly. At the lower humidities in this experiment the skin is losing water to the at-
mosphere too quickly to function properly. This leads to a lowered desquamation
rate in vitro, reflecting the likely formation of dry skin due to a reduction in the
number of corneocytes released compared with the unwashed control. This is
consistent with a perturbation of corneodesmosomal degradation (Fig. 8) [20].
Topical application of a glycerol-containing moisturizing lotion clearly increased
the number of corneocytes released even for the soap-washed sample. These re-
sults suggest that the soap is not inhibiting the enzyme activity directly because it
can be subsequently restored by glycerol. Rather it implies that the microenviron-
ment within which the enzymes function to degrade the extracellular portion of
the corneodesmosomes is perturbed following soap washing, but can be restored
by the influence of glycerol. The result of this increased corneocyte release on the
appearance of the skin surface is shown in Fig. 9. The soap-washed surface is
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FIGURE 7 Relationship between corneocyte release and relative humidity 
(p < 0.05).

clearly more flaky compared to the soap-washed moisturizer treatment control.
The effect of the moisturizer on corneocyte release in this regard is largely due to
the presence of glycerol.

The degradation of corneodesmosomes was confirmed by immunochemi-
cally quantifying the levels of intact dsg 1, extracted from stratum corneum sam-
ples and resolved by electrophoresis. As can be seen from Fig. 10, compared with
vehicle-treated stratum corneum the levels of dsg1 were dramatically reduced in
the glycerol-treated stratum corneum when incubated at 80% RH.

6 MODE OF ACTION OF HUMECTANTS ON 
BARRIER LIPIDS

It is well established that the stratum corneum lipids are the major barrier to wa-
ter loss from the skin. This property is highly dependent on the ability of these
lipids to form multiple layers in a lamellar liquid crystallization arrangement.
Friberg et al. [21] have proposed that the stratum corneum lipids are a mixture of
solid and liquid crystalline states in which the latter permit liquidlike diffusion of
water through the lipid bilayers, but the solid states allow rapid water loss due to
cracks in the structure.

Disturbances in both the lipid ultrastructure and changes in lipid composi-
tion are now well described in dry skin [2,22–25]. It has been proposed that due
to the elevated levels of fatty acid soaps in such conditions that a solid crystalline
phase predominates in dry skin. Therefore, treatments that maintain a higher pro-
portion of lipid in the liquid state may be effective moisturizers. Mattai et al. [26]
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FIGURE 8 Relative corneocyte release in control and glycerol-treated tissues
in normal and soap-washed skin. (a) Control: water washed, no product; (b)
water washed, VICL treated; (c) control: Ivory soap washed, no product; (d)
Ivory soap washed, VICL treated. p < 0.05 for (b) versus (a), (c) versus (a), and
(d) versus (a). p > 0.05 for (b) versus (d).

a b c d

have examined the effects of glycerol on the physical properties of model stratum
corneum lipids at low (6% RH) and high (92% RH) relative humidity, using po-
larized light microscopy and differential scanning calorimetry. At high humidities
a liquid crystalline state was maintained for the model lipids, whereas at low hu-
midity significant crystallization occurred as the lipids became dehydrated.
Hence, glycerol may condition the skin by an alternative mechanism to
humectancy whereby at low humidity glycerol conditioner maintains the liquid
crystalline state of the stratum corneum lipid.

In related studies Orth et al. [27] also demonstrated through electron micro-
scopic evaluation of the stratum corneum that following use of glycerol-contain-
ing moisturizers the corneocytes and the stratum corneum intercellular spaces are
expanded, and they further demonstrated that the glycerol reservoir was present
throughout the stratum corneum.

7 EFFECT OF HUMECTANTS ON NORMAL AND 
DRY SKIN

7.1 Effect of Glycerol on Stratum Corneum
Properties in Normal Skin

Using a variety of noninvasive instrumental techniques (measurement of TEWL,
skin surface topography, and determination of the coefficient of friction and elec-
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FIGURE 10 Comparison of the effect of glycerol on stratum corneum
desmoglein 1 digestion at 80% RH. (Modified from Ref. 7.)

trical impedance), Batt et al. [28] examined the effects of water and glycerol on
normal forearm volar skin. As expected, application of water produced a rapid but
temporary response in all the instrumental techniques used, whereas topical ap-
plication of glycerol-containing products delivered greater and sustained effects.
For example, skin treated with glycerol- and non–glycerol-containing products
initially shows an increase in TEWL, which was markedly decreased by the ap-
plication of glycerol-containing emulsions following the evaporation of water.
Similarly, there was an enhanced smoothing effect of the glycerol emulsion, as
measured by change in coefficient of friction that was prolonged over the base lo-
tion. Similar results were obtained using the other instrumental approaches. Inter-
estingly, glycerol was retained in the stratum corneum over a long period of the
time and such a reservoir would account for the persistence of its effects.

7.2 Effect of Glycerol on the Amelioration of 
Dry Skin

The effects of glycerol on the treatment of soap-induced dry skin have been stud-
ied by many investigators. In our own studies we have used a Kligman regression
moisturizing efficacy test [29] as modified by Boisits [30] to understand the prop-
erties of this unique humectant. In these studies subjects induce a moderate dry
skin on their lower legs by washing twice daily for seven days with a commercial
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soap [20]. Following this dry-down period subjects then apply a commercial
moisturizer (2 mg/cm2) to one leg and the same commercial moisturizer without
glycerol to the contralateral site on their other leg twice daily. Dryness and ery-
thema were evaluated by expert clinical assessment at study baseline, and then
once every second day over the 2-week product application period using a stan-
dard visual grading system. As can be seen from Fig. 11 both the glycerol- and
non–glycerol-containing formulations reduced mean dryness scores. However,
the formulation that contained glycerol lowered dryness scores significantly
greater than the formulations without glycerol. These observations are consistent
with the hypothesis that the glycerol-containing lotion restored desquamation to
normal quicker than nonglycerol formulations and thereby lowered the soap in-
duced visual dryness score.

Using further modifications to the standard moisturizing efficacy testing
method (a 7-day treatment followed by a 7-day regression) Appa [31] has demon-
strated that moisturization efficacy increased with increasing concentrations of
glycerol before reaching a plateau at 25 wt%. Equally these high-glycerol formu-
lations gave significantly better relief of dryness than a low–glycerol-containing
moisturizer.

Summers et al. [32] have demonstrated that low–glycerol-containing (1%)
formulations alone are essentially ineffective in alleviating skin xerosis. In these

FIGURE 11 Effect of glycerol- and non–glycerol-containing lotions on the al-
leviation of dry skin clinically. Note faster amelioration of condition with lo-
tion containing glycerol.

Lotion without Glycerol
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studies a combination of technologies, i.e., occlusive barrier technology in addi-
tion to glycerol, was essential in delivering the benefit.

Hence the onset of commonly occurring soap-induced xerosis starts with a
perturbation of the skin desquamatory function. This is clearly seen in Fig. 12,
which demonstrates the relative changes in cohesive strength of surface corneo-
cytes following continued soap washing as well as soap washing followed by
moisturizer treatment [20]. The methodology used, modified from Christiansen
[33], allows an assessment of the cohesive strength of the surface layer of cor-
neocytes based on the recovery of corneocytes using a low–adhesive strength
polymeric gel. The use of a low-strength polymeric gel which is capable of only
removing loose surface corneocytes is critical to the success of this method, giv-
ing greater discrimination of cohesive strength than using traditional more ag-
gressive tape, which often removes layers of stratum corneum. Quantification of
the number of cells removed can be accomplished by a simple protein analysis.
As can be seen in Fig. 12 soap washing leads to an increased cell cohesion within
2 weeks. This result is interpreted as a persistence of desmosomal linkages and
other adhesive elements between cells right up to the skin surface. Concomitant
use of a humectant-based moisturizer leads to a normalization of desquamation
and a subsequent reduction of the cell cohesion amongst surface cells as they be-
come looser due to enhanced corneodesmosomal degradation. Interestingly, in
this study the use of a glycerol-based moisturizer leads to a more rapid normal-

FIGURE 12 Effect of glycerol and sorbitol lotions on stratum corneum cell
loss in vivo. Note faster amelioration of dry skin with glycerol lotion.
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ization compared to a sorbitol-based moisturizer. Again these studies suggest that
loss of effective hydration rather than any intrinsic loss of proteases, or proteolyt-
ic activity due to surfactant inhibition, is responsible for the perturbation in
desquamation.

More recently we have demonstrated that glycerol lotions as well as im-
proving skin quality also increase the maturation of stratum corneum corneoctye
envelopes from a fragile morphology in dry skin to a more resilient morphology
consistent with the repair of the skin to a more normal state [34]. The effect of
moisturization on the improvement in these corneocyte phenotypes are shown in
Fig. 13.

7.3 Effect of Glycerol on the Recovery of Barrier
Function In Vivo

In recent studies Fluhr et al. [35] have demonstrated that glycerol accelerates the
recovery of barrier function in vivo following damage by sodium lauryl sulfate
(SLS) or repeated tape-stripping. In the first study volar forearms were tape-
stripped 13 × using scotch tape until a TEWL level of 15 g/m2/hr was obtained.
Glycerol (25 or 50 wt%) was then applied directly to the skin or under an occlu-
sive patch. Although occlusion itself had no effect on barrier recovery, the glyc-
erol-treated sites whether occluded or not resulted in a faster decrease in TEWL.
Occlusion has been shown to delay barrier repair in mice, though the effect in hu-

FIGURE 13 Effect of glycerol lotions on relative proportion corneocyte enve-
lope types. Increased TRITC fluorescence relates to an increase of mature
CEr. Note improvement in resilient phenotype following glycerol treatment.
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mans is inconsistent and equivocal. In this study occlusion alone had no effect on
barrier repair, but glycerol application under occlusion enhanced the moisturizing
effect. In the second study, stratum corneum barrier function was perturbed by
washing with 0.2% SLS with a foam roller, and creams containing glycerol were
applied to forearms. After 3 days of treatment the use of the glycerol formulations
was associated with lower TEWL and elevated capacitance. Significant improve-
ment in moisturization was observed at 7 days. However, for the effects on
TEWL, significant differences were not observed until after 2 weeks. These re-
sults suggest that glycerol creates a stimulus for barrier repair. The effect was
long lasting, persisting for up to 7 days after the end of the treatment. Therefore,
glycerol can also be regarded as a barrier-enhancing and stabilizing agent.
Whether other polyols have this effect is unknown.

7.4 Effect of Other Humectants on Dry Skin

7.4.1 PCA

A vast amount of work has been performed examining the effects of PCA and its
salts in vitro, but there has been little work in vivo except one study of Middleton
and Roberts [36], demonstrating that PCA lotion were more effective at treating
dry skin compared to a placebo lotion. As discussed previously [13], the precise
mode of action of PCA and other low molecular weight free amino acids and their
derivatives remains unclear.

7.4.2 Urea

Urea is a natural component of the stratum corneum moisturizing factor and it is
commonly used in skin care. It has been proven to be an excellent skin humidifi-
er and descaling agent, and it has been used effectively in hand creams for over
half a century. Clinical studies have shown urea to be more effective than petrole-
um jelly and salicylic acid. Urea lotions have also been shown to reduce TEWL,
increase skin capacitance, and reduce skin irritation. There is also some evidence
urea may improve epidermal lipid biosynthesis and improve barrier performance
[37].

7.4.3 Lactic Acid

Like glycerol, α-hydroxyacids (AHAs), and particularly the salts of lactic acid,
have pleiotropic effects on the skin. The anti-aging effects will be reviewed by
Johnson [38]. However lactic acid salts are well established as agents that can
ameliorate the signs and symptoms of dry skin clinically [39–41]. Alpha-hydrox-
yacids, like glycerol, can promote desquamation in vivo. The precise mode of ac-
tion is not well understood, but ultrastructural studies have demonstrated a cor-
neodesmolytic activity, particularly in the stratum dysjunctum layers of the
stratum corneum [42]. Equally important these agents also prevent the reappear-
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ance of dry skin when directly compared with lactic acid–free products [39]. Like
urea, lactic acid has been shown to improve the barrier properties of the stratum
corneum as exemplified by decreased TEWL and lower irritant reactions after ex-
posure to SLS [43]. Studies from our own lab have indicated that this reflects an
underlying stimulation of ceramide synthesis that serves to compensate for the
loss of these critical barrier components in dry skin [44].

8 CONCLUDING COMMENTS

The term “moisturizer” was first coined to describe products that provided hydra-
tion for the skin thereby keeping it soft, supple, and smooth. However, water
alone is not a panacea for dry skin, and indeed water can be damaging to the skin.
Although water in a cosmetic product can have a short-term effect on the proper-
ties of the stratum corneum, it has become apparent that moisturizers deliver their
primary benefits by maximizing the retention of water within the stratum
corneum. This water then has the dual effect of providing the required hydration
of the many hydrolyases involved in stratum corneum maturation and desquama-
tion or enhancing stratum corneum flexibility.

As is evident from this synopsis, not all humectants are equivalent in their
ability to improve skin condition, and we have seen that the mode of action of
humectants at the molecular level may reflect an influence on an intracellular or
an intercellular event within the stratum corneum. Within the range of humectants
used in dry skin products, glycerol appears unique in providing more benefit to
this tissue than can be explained by simple humectancy. This range of properties
is not shared by other polyols, which nevertheless still remain common humec-
tant ingredients in many formulations. Glycerol is capable of plasticizing the stra-
tum corneum, manipulating the lyotropic nature of the lamellar lipids and thereby
promoting the enzyme-mediated lysis of corneodesmosomes within the extracel-
lular matrix. This latter finding indicates that glycerol is a true corneodesmolytic
agent and enhances desquamation effectively to ameliorate dry and scaly skin.
Understanding the mechanism by which this remarkable molecule can influence
barrier repair remains to be elucidated.
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14
Ceramides as Natural Moisturizing Factors
and Their Efficacy in Dry Skin

Genji Imokawa
Kao Biological Science Laboratories, Haga, Tochigi, Japan

1 INTRODUCTION

The flexibility of the stratum corneum (SC) plays an important role in keeping
the skin supple and in giving it a radiant appearance. Water present within the SC
is essential for maintaining the flexibility of the SC, and is constitutively regu-
lated by the water-holding capacity of the SC. Much evidence suggests that wa-
ter-soluble materials, such as free amino acids, organic acids, urea, and inorgan-
ic ions determine the water-holding properties of the SC; these materials have
been termed natural moisturizing factors [1]. Based upon this theory, many mois-
turizers have been designed and developed in the cosmetic field. Well-known re-
movers of lipids, such as organic solvents, despite their poor ability to remove
water-soluble materials, induce dry skin, which is characterized by a reduction in
the water-holding function of the SC. Thus, we hypothesized that structural
lipids, mainly comprised of ceramides, play a significant role in the water-hold-
ing potential of the SC. In this chapter, we introduce a new mechanism underly-
ing the water-holding properties of the SC and elucidate the role of ceramides as
natural moisturizing factors and their efficacy in the clinical treatment of dry
skin.
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FIGURE 1 The induction of dry skin on the forearms of healthy volunteers fol-
lowing treatment with acetone/ether (1:1) in a time-dependent manner. The
intensity of the induced dry skin is expressed as the scaling score.
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2 MOISTURIZING MECHANISMS IN THE 

STRATUM CORNEUM

2.1 Lipid Removal and Dry Skin

In order to clarify the roles of lipids in holding water molecules within the SC, we
have tried to specifically remove lipids from the SC and assessed the effects on its
water-holding properties [2–5]. Treatment of human forearm skin with
acetone/ether (1:1) for periods of 5 to 20 min induces an enduring (more than 4
days) chapped and scaly appearance of the SC with no inflammatory reaction in a
time-dependent manner (Fig. 1). Under these conditions, a significant decrease in
the water content, as measured by the conductance value, is observed in the treat-
ed areas (Fig. 2). The decreased conductance barely returns to the normal level
until more than 4 days after the treatment. In contrast, such a persistent scaly skin,
accompanied by a significant decrease in the conductance value, was not induced
after only 1 min of treatment. Of considerable interest is the fact that the ace-
tone/ether treatment did not induce a substantial release from the SC of any hy-
groscopic materials, such as free amino acids or lactic acid (Fig. 3) [3], which
suggests a deep involvement of structural lipids in the induced deficiency of wa-
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FIGURE 2 Different times of treatment of human forearm skin with ace-
tone/ether (1:1) demonstrates a marked decrease in water content as mea-
sured by impedance meter. n = 6; **p < 0.01; *p < 0.05.

ter content. In order to clarify the mechanisms involved in the decrease of the
conductance value, we compared the composition of lipids extracted by the sol-
vent after varying periods [2–5]. One-dimensional thin-layer chromatography
(TLC) analysis (Fig. 4) shows that, even after only 1 min of treatment, the
amounts of sebaceous gland lipids extracted, such as squalene, triglycerides, and
wax esters, have almost reached a plateau. Additional or prolonged treatments in-
duce no further substantial release of those lipids. On the other hand, SC lipids
(SCLs), such as cholesterol, cholesterol esters, and ceramides, are successively
solubilized from the SC by the solvent in a time-dependent manner. These find-
ings suggest that the defect in the water-holding properties of dry skin induced by
acetone/ether treatment is directly associated with the depletion of intercellular
lipids.

2.2 Intercellular Lipids and Bound Water

Since lipids by themselves have little or no affinity for water molecules, it is in-
triguing to determine how intercellular lipids are associated with the incorpora-
tion of water molecules. It is well known that water within the SC does not freeze
readily, even at temperatures lower than –40°C, which suggests its existence as
bound water within the SC. In order to examine the amounts of bound water in
the SC which reflect the water-holding function, a SC sheet was taken from hu-
man forearm skin using a surgical knife with the help of tweezers, and was sub-
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FIGURE 3 The release of amino acids from forearm skin following various
treatments for 20 min.

jected to differential scanning calorimetry (DSC). This technique allows the
amount of nonfreezable water to be calculated based on the melting behavior of
the water in the SC. The DSC curve of the intact SC sheet shows one endothermic
peak at –17 to –6°C with a much lower melting temperature of ice than 0°C
(freezing point depression behavior) (Fig. 5) [6–8]. The plot of calculated transi-
tion enthalpy against the total water content in the SC sheet demonstrates that the
intact SC sheet possesses approximately 33.3% bound water that never freezes,
even below –40°C (Fig. 6). Since it is known that the healthy SC contains ap-
proximately 30% water under normal conditions, when measured for water con-
tent by the Karl–Fisher method, it is conceivable that all water within a healthy
SC exists as bound (nonfreezable) water, and that this plays a pivotal role in the
water-holding function of the healthy SC. On the other hand, treatment of the SC
sheet with acetone/ether can selectively deplete SCLs, and such treatment elicited
a marked difference in DSC thermograms where an endothermic peak appears
even at 30% water content, indicating a decrease in the bound-water content (Fig.
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FIGURE 4 Thin-layer chromatographic analysis of lipids released by human
forearm skin after different times of treatment with acetone/ether (1:1).

7). However, the melting temperature around which the endothermic peak is ob-
served does not change even after acetone/ether treatment, which suggests that
the acetone/ether treatment does not release any water-soluble materials, such as
amino acids. The plot of the calculated transition enthalpy against the total water
content in the acetone/ether-treated SC sheet demonstrates that the depletion of
SCLs by acetone/ether treatment causes the SC bound-water content to decrease
from 33.3 to 19.7% (Fig. 6).

2.3 Recovery of Dry Skin by Application of Lipid

It is well known that intercellular lipids contain several components, such as cho-
lesterol, ceramides, and fatty acids, which by themselves possess no substantial
capacity for holding water in vitro [4]. Therefore, it seems reasonable to assume
that in vivo these lipids are specifically compartmentalized into the intercellular
spaces to exert their water-holding properties. This led us to determine whether
the various intercellular lipids have the potential to repair the disrupted water-
holding properties when applied topically to dry skin. Hence, we tried to measure
the therapeutic potential of topical application of extracted lipids to repair the wa-
ter-holding properties of lipid-depleted SC in which a marked decrease in those
properties had been observed. Two daily topical applications of a 10% SCL frac-
tion in alkyl glyceryl ether (GE)/squalene base on the acetone/ether-treated SCL
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FIGURE 5 DSC thermal profiles obtained for intact human SC sheets with
various levels of water content.

FIGURE 6 Calculation of bound water by plotting the melting enthalpy of ice
against the total water content in intact and in acetone/ether-treated human
SC. SC, stratum corneum sheet.
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FIGURE 7 DSC thermal profiles obtained for acetone/ether-treated (20 min)
human SC sheets in the presence of various levels of water content.

induced a significant recovery of the decreased conductance value compared with
no treatment or treatment with the GE/squalene base only. In contrast, the seba-
ceous lipid (SL) fraction does not elicit any significant recovery even when com-
pared with GE/squalene (Fig. 8) [8–10]. The recovery level included by the SCL
therapy is significantly higher than 10% glycerin in the same GE/squalene sol-
vent. Nevertheless, when GE is not added to this system, there is no significant re-
covery detectable with any of the lipid fractions. The recovery observed is specif-
ic for a combined treatment with GE among the various surfactants tested. This
specific action is based on the fact that GE has significant potential as a penetra-
tion enhancer, and it is likely that such recovery requires substantial penetration
of ceramides into the SC layers. Consistent with those changes in the conduc-
tance value, the scaling that occurs after acetone/ether treatment significantly de-
creases after the two daily applications with SCL compared with no application.

2.4 Recovery of Bound Water by Application of Lipid

The application of isolated SCLs to the lipid-depleted SC sheet restores the DSC
thermograms almost to the level of the intact SC sheet (Fig. 9) [7,8]. The plot of
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FIGURE 8 The recovery effect of isolated SCLs on forearm skin roughened by
30-min treatment with acetone/ether (1:1) as assessed by water content and
scaling score on day 4 following daily treatment for 3 days. (A) Water content
measured by impedance meter. (B) The intensity of scaly appearance. SCL,
stratum corneum lipid; SL, sebaceous lipid; GE, glyceryl ether. n = 10; **p <
0.01; * p < 0.05.

A B

calculated transition enthalpy against the total water content in the SCL-treated
SC sheet demonstrates a marked increase in the bound-water content, from 19.7
to 26.8%, whereas the control treatment of squalene/1% GE has no effect on the
bound-water content of the SC sheet (Fig. 10). Taken together, the evidence pre-
sented suggests that intercellular lipids in the SC serve as a bound-water modula-
tor, providing it with radiance.

2.5 Major Lipid Components in the 
Water-Holding Mechanism

In order to determine which components are crucial for the water-holding func-
tion of intercellular lipids, the potential of each lipid component to repair dry skin
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FIGURE 9 DSC thermal profiles obtained for human SC sheets treated with
SCL following acetone/ether treatment in the presence of various levels of
water content. SCL, stratum corneum lipid.

induced by acetone/ether treatment was examined in vivo [8–10]. Two daily top-
ical applications of five chromatographically purified lipid fractions (cholesterol
ester, free fatty acid, cholesterol, ceramide, glycolipid) from the SCL at 10% con-
centration were carried out in the same system after a 30-min treatment with ace-
tone/ether. Of the five lipid fractions tested, the ceramide fraction induced the
most significant increase in the conductance value compared with the GE/squa-
lene base (Fig. 11). Furthermore, the glycolipid and cholesterol fractions also
elicited a significant recovery compared with no application. In contrast, neither
the free fatty acid nor the cholesterol ester elicited any significant increase in the
conductance value. The marked recovery effects of the ceramide fraction on the
water-holding function and its therapeutic value to scaly dry skin was also
demonstrated by applying the water-in-oil (W/O) emulsion containing the ce-
ramide fraction to lipid-depleted forearm skin (Fig. 12) [10]. Thus, ceramides
play a central role as a water-modulator in the SC because of their predominant
abundance and their relatively high capacity to hold water.
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FIGURE 10 Calculation of bound water by plotting the melting enthalpy of
ice against the total water content in SCL-treated human SC sheets following
treatment with acetone/ether. A/E, acetone/ether; SC, stratum corneum.

2.6 The Role of Water-Soluble Materials in the
Water-Holding Properties

To determine the role of water-soluble materials in the water-holding properties,
forearm skin that had been acetone/ether treated was then treated with water
(which efficiently releases amino acids) under various humidity conditions to
evaluate changes in water content expressed as conductance. Although
acetone/ether treatment elicited decreased water content on the skin surface under
various humidity conditions, the removal of amino acids had no significant effect
on the water-holding properties of the skin surface in vivo, except under high hu-
midity (Fig. 13) [11,12]. In this connection, treatment of the lipid-depleted SC
sheet with water released amino acids amounting to 0.13 mg/mg SC. In accor-
dance with such a release of amino acids, water treatment caused DSC thermo-
grams to delete the freezing point depression behavior (Fig. 14) [7,8]. Even under
this condition, there was no substantial change in the degree of the endothermic
peak with various water contents, suggesting that there was no involvement of
water-soluble materials such as amino acids in the capacity of the SC to hold wa-
ter. Furthermore, our 13C-NMR study demonstrated that the depletion of water-
extractable materials from the SC caused marked increases in the molecular in-
teractions between the 10-nm filaments of keratin fibers [12,13]. This induced
increase of molecular interaction could be reversed by the application of water-
extractable materials, such as amino acids. Based on these facts, it is conceivable
that water-extractable materials play an important role in curtailing the intermol-
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FIGURE 11 The effect of isolated SCL components on the recovery of fore-
arm skin roughened by 30-min treatment with acetone/ether (1:1) as as-
sessed by water content on day 4 following daily treatment for 3 days. Base:
squalene (containing 1% glyceryl ether); CE, cholesterol fraction; FFA, free
fatty acid fraction; CER, ceramide fraction; GL, glycolipid fraction; Control,
nontreatment. **p < 0.01; *p < 0.05.
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ecular forces between nonhelical regions of 10-nm filaments through interactions
with water molecules, which probably provides the keratin fiber assembly with a
high molecular mobility rather than the retention of water molecules.

3 THE MECHANISM OF DRY SKIN IN XEROSIS AND
ATOPIC DERMATITIS

3.1 Xerosis

When a xerotic area of skin on the cheek was measured for its water content by an
impedance meter and for its ceramide content by TLC analysis and compared
with healthy skin, the xerotic area showed a decrease in water content as well as
a decrease in ceramide content compared with the healthy skin (Fig. 15) [14].
This suggests that the decreased ceramide content is responsible for the decreased
water content. Asteatotic eczema and its prototype, xerosis, have been thought to
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FIGURE 12 The effect of an isolated ceramide fraction on the recovery of
forearm skin roughened by 30-min treatment with acetone/ether (1:1) as as-
sessed by water content and scaling during the course of daily treatment for
3 days. Base: O/W cream containing 1% GE. n = 9; **p < 0.01; *p < 0.05.

C
o

n
d

u
ct

an
ce

Acetone/Ether Treatment (30 min) Acetone/Ether Treatment (30 min)

be associated with deficient skin surface lipids, which are mainly supplied by se-
baceous glands. This hypothesis is based on the fact that sebum-derived lipids
play an important role in preventing the skin from water loss by forming lipid
films on its surface. In contrast, our evidence presented here demonstrated that
SCL produced by keratinocytes through the keratinization process serve as water
modulators, by trapping moisture as bound water to the SC as well as by acting as
permeability barriers by forming multilamellar structures between the SC cells.
Of these lipids, ceramides comprise the major constituents of the SCL and per-
form both functions. Thus, quantitative analysis of ceramides in the SC provides
useful information about the etiological involvement of ceramides in such dry
skin disorders. Ceramides were quantified by TLC after n-hexane/ethanol extrac-
tion of resin-stripped SC and were evaluated as micrograms per milligram SC
[15]. In healthy skin, there was an age-related decline in total ceramides (Fig. 16)
[16], while xerosis of leg skin which had significantly reduced water-holding
properties (Fig. 17) exhibited a decreased level of ceramides compared with the
healthy young skin, but no significant decrease compared with healthy age-
matched skin (Fig. 18). These data indicate that apparent slight increases in ce-
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FIGURE 13 The water-holding profile of forearm skin following treatment
with acetone/ether or with acetone/ether and water under different humidity
conditions.

ramides are artifacts due to inflammatory processes or scratching, which results
from susceptibility to dryness or itchiness. It is very likely that the observed de-
crease in the SCL explain the high incidence of dry skin in older people during
the winter. The progression toward severe xerosis and asteatotic eczema can be
ascribed to inflammation due to scratching or to environmental stimuli triggered
by dry, itchy skin resulting from ceramide deficiency.

3.2 Atopic Dermatitis

Atopic dermatitis (AD) dry skin is characterized by a diminished water perme-
ability barrier and deficient water-holding properties, as revealed by an evapor-
imeter to measure trans-epidermal water loss and by a capacitance conductance
meter to measure skin surface water content, respectively (Fig. 19) [5,17,18].
Based upon the established relationship between ceramides and the water-holding
properties of the SC, we have tried removing SC layers to assess the quantity of
ceramides per unit mass of the SC. There was a marked reduction in the amount
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FIGURE 14 DSC thermal profiles obtained for water-treated human SC
sheets following treatment with acetone/ether in the presence of various lev-
els of water content. SC, stratum corneum sheet; AE, acetone/ether.

of ceramides in the lesional forearm skin of AD patients compared with the skin
of healthy individuals of the same age (Fig. 20) [16]. Interestingly, the nonlesion-
al skin of AD patients also exhibited a similar and significant decrease of ce-
ramides. Among the six ceramide fractions, ceramide 1 was most significantly re-
duced in both the lesional and in the nonlesional skin [16]. These findings suggest
that an insufficiency of ceramides in the SC is an etiologic factor in atopic dry
skin. As a biological mechanism involved in the ceramide deficiency observed in
AD, we have recently found that a hitherto undiscovered epidermal enzyme,
sphingomyelin deacylase, is abnormally expressed in the epidermis of AD pa-
tients. This enzyme hydrolyzes the common substrate, sphingomyelin, at its acyl
site to yield sphingosylphosphorylcholine rather than ceramide, which is the re-
action product produced by sphingomyelinase, and this leads to the decreased
generation of ceramides [19–21]. Consistent with the expression of sphin-
gomyelin deacylase, we have recently confirmed that there is a marked accumu-
lation of sphingosylphosphorylcholine in the upper SC of AD patients compared
with healthy age-matched controls [22].
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FIGURE 15 Comparison in the amounts of ceramide and water content be-
tween scaly and healthy skin measured by impedance meter. Ceramide con-
tent is expressed as ng/SC cell.

FIGURE 16 The age-dependent decrease in the amount of ceramides in the
SC of healthy forearms. Ceramide content is expressed as µg/mg SC.
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FIGURE 17 Water contents measured by impedance meter in the leg skin of
young and old volunteers and of xerotic and asteatotic eczema patients.

4 DESIGN OF PSEUDOCERAMIDE AS 
A MOISTURIZER

4.1 Structural Analysis of Water-Holding Function
Synthetic Pseudo-Ceramides

Since ceramides were found to be essential in providing the SC with water by
forming lipid multilayers, it would be ideal to use ceramides as a new moisturiz-
er. However, ceramides, whether natural or synthetic, are too expensive to make
them commercially profitable. With reference to the chemical structures of natu-
ral ceramides (Fig. 21), we have designed simple approaches to synthesize vari-
ous pseudoceramides at low cost to develop new moisturizers [23–26]. Following
synthetic trials, their efficacy was assessed using experimentally induced dry
skin. During these assessments, we concluded that (as depicted in Fig. 21), the
structural features best suited for synthetic pseudoceramides are as follows: (1) a
structure with a hydroxyethyl group at the amide residue, (2) the presence of two



283Ceramides as NMF and Their Efficacy in Dry Skin

FIGURE 18 The ceramide content in the SC of leg skin of young and old vol-
unteers and of xerotic and asteatotic eczema patients. Ceramide content is
expressed as µg/mg SC.

saturated alkyl chains, (3) a structure having a total of 31 carbons in the sphingo-
sine and free fatty acid bases.

4.2 Bound Water–Holding Capacity of
Pseudoceramides in the SC Sheet

To clarify whether the restorative effect of optimized synthetic pseudoceramides
on dry skin is based upon their bound water–holding capacity, we evaluated
changes in bound-water content within the SC when the pseudoceramides were
applied to lipid-depleted SC sheets. The application of synthetic pseudoce-
ramides in combination with other intercellular lipids to lipid-depleted SC sheets
restored the DSC thermograms almost to the levels of intact SC sheets (Fig. 22)
[27,28]. The plot of calculated transition enthalpy against the total water content
in the SC sheets demonstrates that application of synthetic pseudoceramides in
combination with other intercellular lipids induces a marked increase in the
bound-water content, form 19.7 to 26.8%. In contrast, treatment with the control
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FIGURE 19 Characteristics of the skin of AD patients as revealed by de-
creased water content (left) and barrier function (right), measured by imped-
ance meter and evaporimeter, respectively.
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solution composed of squalene and 1% GE did not influence the bound-water
content of SC sheets (Fig. 23) [27,28]. These findings suggest that the therapeutic
effect of the optimized pseudoceramides on dry skin results from their restorative
effect on the bound-water content within the SC and that ceramide is adequately
suited with respect to its bound-water holding capacity.

5 EFFICACY IN CLINICAL USE

5.1 Use in Experimentally Induced Dry Skin

In order to clarify the time course and dose dependency of the recovery in skin
conductance, the optimized pseudoceramide, at 3 or 5% concentration, was ap-
plied daily for three successive days (from day 0 to day 2), and its effect was eval-
uated daily. A significant increase relative to the base cream (control) was ob-
served with both the 3 and the 5% pseudoceramide within two days after the first
application, with the 5% concentration showing a higher recovery than the 3%
(Fig. 24) [24]. In long term experiments [29] using an 8% pseudoceramide cream
on dry forearm skin induced by washing with soap, visual evaluations (Fig. 25A)
and instrumental readings (Fig. 25B) indicate that both samples examined (the
8% pseudoceramide cream and a commercially available American anti-aging
cream P) showed significant improvement from the baseline. In addition, the 8%
pseudoceramide-containing sample was significantly better in moisturizing the
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FIGURE 20 Quantitation of ceramides in the SC of patients with AD. Ce-
ramide content is expressed as µg/mg SC. Cer, ceramide.

dry skin compared with the commercially available moisturizer cream. The with-
in-treatment binomial analysis of the dryness scores indicate that both samples
showed significant improvement from the baseline throughout the entire study,
including the regression phase. The within-treatment binominal analysis of the
dryness scores show both samples to be significantly better than baseline on days
21 and 28. The between-treatment binomial analysis of the dryness scores indi-
cates that the pseudoceramide-containing cream was assigned the lower score
significantly more often than was the control cream P on days 2, 7, 19, 21, 26, and
28. The analysis of variance of the dryness scores indicates a significant differ-
ence between the two samples. The overall sample mean for the pseudoceramide-
containing cream was significantly lower, that is, it was less dry, than for the con-
trol cream P. The impedance readings reflect the skin’s water content, and
therefore the higher the value obtained, the more moist the skin. The pseudoce-
ramide-containing cream impedance reading near the elbow was significantly
higher on study days 2 through 23 than those values for the control cream P. Sim-
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FIGURE 21 Species and structures of natural ceramides and synthetic
pseudoceramide.

synthetic pseudoceramide

FIGURE 22 DSC thermal profiles obtained for synthetic pseudoceramide-
treated human SC sheets after acetone/ether treatment. (a) Acetone/ether-
treated SC sheet. (b) Pseudoceramide-treated SC sheet after acetone/ether
treatment.
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FIGURE 23 The melting enthalpy of ice plotted against the total water con-
tent in the SC sheets treated with a lipid mixture which included the synthet-
ic pseudoceramide, based upon DSC analysis. SC, stratum corneum, SY-425
mix, pseudoceramide plus other intercellular lipids.

ilarly, the pseudoceramide-containing cream impedance readings taken near the
wrist were significantly higher than for the control cream P on study days 2
through 26.

5.2 Clinical Use in Treatment of Xerosis

A 5% pseudoceramide-containing cream was applied twice daily for 3 weeks to
aged facial skin (n = 35 females) which exhibits xerosis and was compared with
the effects of the typical commercially available American anti-aging cream G
(Fig. 26) [8,29]. The within-treatment binomial analysis of the dryness scores in-
dicates that both samples showed significant improvement from the baseline
throughout the entire study. The between-treatment binomial analysis of the dry-
ness scores indicates that the pseudoceramide-containing cream was assigned the
lower score significantly more often than was the control cream on weeks 1, 2,
and 3. The analysis of variance of the dryness scores indicates a significant differ-
ence between the two samples. The overall sample mean for the pseudoceramide-
containing cream was significantly lower, that is, it was less dry, than for the con-
trol cream. The impedance readings in another study of xerotic skin using the
American anti-aging cream E as a control indicated that the pseudoceramide-con-
taining cream impedance reading on the cheek was significantly higher on study
weeks 1 through 3 than those values for the control cream (Fig. 27) [29].
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FIGURE 24 The time course and dose dependency of the effect of the opti-
mized ceramide on human skin. The forearm skin of healthy male volunteers
was treated with acetone/ether for 30 min on day –1. The sample, emulsified
in W/O base cream at the indicated concentrations, was applied daily from
day 0 to day 2. Conductance values were measured daily and compared with
base only. *p < 0.05; **p < 0.01.

pseudoceramide

pseudoceramide

5.3 Clinical Use on Atopic Dry Skin

When an 8% pseudoceramide-containing cream was applied for 6 weeks to dry
skin on one forearm of AD patients (n = 18) and compared with a control cream
(which replaced the pseudoceramide with cholesterol ester at the same concentra-
tion, a typical anti-aging moisturizing cream) applied to the other forearm, the
clinical appearance (including dryness, scaling, itching, and erythema) was im-
proved with the ceramide cream being significantly or slightly more effective
than the cholesterol ester cream (Fig. 28A) [28–30]. Evaluation by trans-epider-
mal water loss and water content analyses revealed that the ceramide cream sig-
nificantly enhances the barrier function and water-holding property of atopic dry
skin compared with the cholesterol ester cream (Fig. 28B). This result suggests
that the ceramide cream has the distinct potential to repair the damaged barrier
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FIGURE 25 The effect of pseudoceramide cream on dry skin induced by
washing with soap for 28 days. Candidates with dry skin on their forearms
were selected from volunteers who had undergone a 1 week conditioning
period using Ivory soap exclusively on the test areas. Test materials were as-
signed to the right or left arms according to a predetermined randomization.
Test materials were applied twice daily for 21 consecutive days. A regression
period of 1 week without moisturizer then followed before the start of treat-
ment with 8% pseudoceramide cream. (A) Comparison of dry skin. Visual
evaluations were conducted with the aid of a 7 diopter illuminated magnify-
ing lens on 13 days over a 28-day period. By the same observer throughout
the study n = 23, **p < 0.01; *p < 0.05. (B) Comparison of conductance. In-
strumental evaluation with a Skicon 200 impedance meter was made on the
same days as in (A) **p < 0.01; *p < 0.05.

B

A
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FIGURE 26 Clinical effects of treatment with a 5% pseudoceramide cream on
xerotic skin (cheek) compared with an American anti-aging cream G over 3
weeks of treatment, as demonstrated by the scaling score. n = 35; **p < 0.01.
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function in addition to its enhancement of the water-holding function. Compari-
son of clinical improvements elicited by the ceramide and the cholesterol ester
creams (Fig. 28C) reveals that treatment with the ceramide cream provides a sig-
nificantly better clinical improvement (p < 0.05 by the Wilcoxon test) than did the
cholesterol ester cream.

Figure 29 shows another clinical study [31], which applied an 8% pseudo-
ceramide-containing cream on the dry skin of AD patients (n = 19) and compared
that with a 10% urea cream (which is recommended as a moisturizing cream for
atopic dry skin by Japanese dermatologists). Treatment for 6 weeks with the
pseudoceramide cream caused a significant decline in clinical symptoms, includ-
ing dryness, scaling, itchiness, and redness, with a significantly higher efficacy
than the 8% urea cream in scaling and redness scores. There were some cases in
which the urea cream treatment elicited some side effects such as biting, burning,
and redness, whereas no such side effects were observed with the pseudoce-
ramide cream during this 6-week study. To determine the influence on barrier
function, a closed patch test using a mite antigen extract was carried out on the
forearm skin of AD patients (n = 4) who had positive allergic reactions before ap-
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FIGURE 27 Clinical effects of treatment with a 5% pseudoceramide cream on
xerotic skin (cheek) compared with an American anti-aging cream E during 3
weeks of treatment, as demonstrated by conductance value. n = 30; *p <
0.05.

Anti-aging cream E

plication of those creams. The skin treated with the pseudoceramide cream recov-
ered its barrier function and became completely resistant against the mite allergy
under the closed patch test, whereas the skin treated with the urea cream had a
stronger positive allergic reaction (than before the application), which indicates
that the barrier disruption still existed and may even have worsened (Table 1).
This is consistent with the barrier recovery effect of the pseudoceramide cream
observed in other studies [30] which measured the trans-epidermal water loss
value. Comparison of clinical improvement between the pseudoceramide and the
urea creams (Fig. 30) reveals that treatment with the 8% pseudoceramide cream
provides a significantly better clinical improvement (p < 0.05 by Fisher test) than
does treatment with the 10% urea cream.

Figure 31 shows different clinical studies [32] which applied an 8%
pseudoceramide-containing cream on the dry skin of AD patients (n = 24) and
compared that with a 20% urea cream. Treatment for 6 weeks with the pseudoce-
ramide cream caused a significant decline in the clinical symptoms, including
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FIGURE 28 Clinical effects of an 8% pseudoceramide cream on dry forearm
skin of AD patients compared with a cholesterol ester cream (which replaced
the pseudoceramide with 5% cholesterol ester) as demonstrated (A) by clini-
cal scores and (B) by water content and barrier function measured by Imped-
ance meter and evaporimeter, respectively. (C) Clinical improvement be-
tween the 8% pseudoceramide and the cholesterol ester cream were also
compared.

A
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FIGURE 28 Continued

B

C
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FIGURE 29 Clinical effects of an 8% pseudoceramide cream on the dry fore-
arm skin of AD patients compared with a 10% urea cream, as demonstrated
by clinical scores. *p < 0.05; **p < 0.01; ***p < 0.001 by Wilcoxon test.

dryness, scaling, and itchiness, with an efficacy similar to the 8% urea cream.
Consistent with those clinical improvements, treatment with the pseudoceramide
cream significantly improved water content as well as barrier function (measured
by trans-epidermal water loss) to a significantly greater extent than did the urea
treatment (Fig. 31). Comparison of clinical improvement between the pseudoce-
ramide and the urea creams (Fig. 32) reveals that treatment with the 8% pseudo-
ceramide cream provides a significantly better clinical improvement (p < 0.05 by
the Wilcoxon test) than does the 20% urea cream.

Another comparative study [33] of an application of an 8% pseudoce-
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TABLE 1 Effect of Pseudoceramide Cream on Recovery of Barrier Function

Treated sample

Before
treatment

8% ceramide
cream–treated site

10% urea 
cream–treated site

– 0 4 0
+ 4 0 1
++ 0 0 3

Total 4 4 4

Notes: A 48-hr closed patch test was performed using a 5% mite antigen solution on
forearm skin following 4 weeks of treatment with pseudoceramide cream or 10% urea
cream.

FIGURE 30 Comparison of clinical improvement in 19 AD patients following
treatment with an 8% pseudoceramide cream and a 10% urea cream. *p <
0.05 by Fisher test.

ramide-containing cream with a heparin-containing cream (which is another typ-
ical moisturizing cream recommended by dermatologists for atopic dry skin) on
atopic dry skin (nonlesional skin) of patients with AD for 6 weeks demonstrated
that the pseudoceramide cream was significantly more effective in improving
atopic dry skin with respect to dryness than was the heparin cream (Fig. 33). Con-

ceramide cream
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FIGURE 31 Clinical effects of an 8% pseudoceramide cream on dry forearm
skin of AD patients compared with a 20% urea cream, as demonstrated by
water content (Top) and barrier function (Bottom), measured by impedance
meter and evaporimeter, respectively. *p < 0.05; **p < 0.01; ***p <0.005;
****p < 0.001.

sistent with such clinical improvement, the pseudoceramide cream–treated skin
showed a significantly increased water content measured by an impedance meter
to an extent similar to the heparin cream (Fig. 34). Interestingly, when comparing
their influence on the barrier function measured by evaporimeter, the pseudoce-
ramide cream was found to significantly improve the atopic dry skin with respect
to its barrier function, whereas the heparin-containing cream did not show any
significant effect on the barrier function (Fig. 35). A comparison of the clinical
improvement between the pseudoceramide cream and the heparin cream (Fig. 36)
reveals that treatment with the 8% pseudoceramide cream provides a significant-
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FIGURE 32 Comparison of clinical improvement in 24 AD patients following
treatment with an 8% pseudoceramide cream and a 20% urea cream.

ly better clinical improvement (p < 0.05 by the Wilcoxon test) than does the he-
parin cream.

6 SUMMARY

After several efforts to clarify a new mechanism involved in holding water with-
in the SC, we have reached a distinct principle by which the SC acquires the ca-
pacity to retain moisture. It is due to the intercellular lipids which comprise the
multilamellar structures located between the SC cells. Thus, water molecules are
incorporated into the multilamellar structures in a bound form that plays an es-
sential role in retaining moisture in the SC, which thus acquires resistance to
evaporation even under severe dry conditions. Ceramides are an integral compo-
nent of intercellular lipids and play a major role in the multilamellar architecture.
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FIGURE 33 Clinical effects of an 8% pseudoceramide cream on dry forearm
skin of AD patients compared with heparin cream, as demonstrated by dry-
ness scores. *p < 0.05; **p < 0.01; ***p < 0.005.

FIGURE 34 Clinical effects of an 8% pseudoceramide cream on dry forearm
skin of AD patients compared with a heparin cream, as demonstrated by wa-
ter content measured by impedance meter. **p < 0.01; ***p < 0.005.
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FIGURE 35 Clinical effects of an 8% pseudoceramide cream on dry forearm
skin of AD patients compared with a heparin cream, as demonstrated by bar-
rier function measured by evaporimeter. ***p < 0.005.

FIGURE 36 Comparison of clinical improvement in 29 AD patients following
treatment with an 8% pseudoceramide and a heparin cream.
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With the idea that ceramides are an ideal moisturizer when available, we have at-
tempted to synthesize various pseudoceramides which exert water-holding prop-
erties similar to those of natural ceramides. Since ceramide deficiencies are ob-
served in the SC in several dry skin symptoms and since they play an essential
role in eliciting dry skin, it seems likely that the application of pseudoceramides
to dry skin is an ideal approach for therapy. Several clinical trials using pseudo-
ceramide-containing creams have demonstrated that their use is highly effective
in preventing and treating dry skin conditions.
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Phosphatidylcholine (PC) is the most abundant phospholipid in animal cells. It
possesses an intrinsic hydration force, and its metabolites are essential osmopro-
tectants. Phosphatidylcholine composed of saturated fatty acids (hydrogenated
PC; HPC) possesses physical properties which are comparable with those of the
components of the skin permeability barrier. When applied to skin, HPC is taken
up by the stratum corneum (SC); it interacts with lipids of the permeability barri-
er, but it does not cause any irritation. Phosphatidylcholine, HPC, and their
metabolites display preventive efficacy in pathological states caused by the redox
imbalance and the ensuing genesis of free radicals. This phenomenon is taken ad-
vantage of in the drug formulations where PC ameliorates certain side effects of
drugs. In human skin challenged by sodium lauryl sulfate (SLS), HPC increases
skin hydration, but does not exhibit any effect on the trans-epidermal water loss
(TEWL). In addition, HPC has the ability to counteract the inflammatory effects
of SLS. And HPC is an industrially available, easy-to-handle and well-defined
substance produced according to the cGMP standards. The favorable biological
effects inspire a new approach to the development of topical formulations for the
treatment and prevention of frequent skin problems connected with dry skin and
the ensuing pathological states.
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1 INTRODUCTION

Phospholipids, as components of lecithins, are the emulsifiers with perhaps the
longest history in cosmetics and dermatology. Even the oldest cosmetic protocols
recommend egg yolk (which contains 10% phospholipids) as a universal emulsi-
fier. In the past 10 years, some 700 articles and patents have been published
and/or registered concerning the use of phospholipids in skin products. However,
despite the growing interest in this field, the mode of action and the function of
phospholipids in skin are still subjects of critical discussion.

The data acquired during the past decade on skin hydration, skin barrier,
and PC itself may help to explain and justify the long-lasting interest in phospho-
lipids and particularly in PC and its applications. The new findings disclose the
central role of skin hydration for healthy skin. There are two factors which con-
trol the water content in stratum corneum—the intracellular occlusion and the in-
tercellular humectancy [1]. It was also shown that PC with saturated fatty acids
(INCI definition: hydrogenated lecithin) possesses thermodynamic and structure-
forming properties similar to those of the SC lipids [2]. Hydrogenated PC was
found to be capable of penetrating into the SC lipid barrier, though at significant-
ly lower rates than PC with unsaturated fatty acids [3,4]. Because skin contains
phospholipases D and A, PC may also serve as a source of osmoprotectants such
as choline, betaine, and glycerylphosphatidylcholine. In medicine PC is used as
drug substance, and findings in related fields suggest that the mode of its action is
based on redox regulation and prevention of formation of free radicals and the en-
suing oxidative stress [5]. All these findings suggest that topically applied HPC
may have the potential to control skin hydration and prevent the pathological
states of dry skin.

2 CONTROL OF SKIN HYDRATION

It is now generally recognized that sufficient water content of SC is the basic pre-
requisite to healthy skin. This is based on the recent acknowledgment that the SC
homeostasis depends on the activity of several enzymes for which stringently
controlled water content is essential [6]. This water content is a function of two
principles. The first is the permeability barrier, which controls the translocation of
water from the lower to the to the upper layer of the SC and subsequently to the
environment. The structure responsible for the control is a stack of continuous
lipid bilayers in a gel state. Perturbation of this barrier by a diet deficient in linole-
ic acid or by an external insult such as extensive skin cleansing results in an in-
creased TEWL. The second principle consists of the natural moisturizing factors
(NMF) located in the corneocytes. The concentration of NMF in the corneocytes
is controlled by NMF synthesis, which itself is feedback-controlled by the water
content as well as by external noxae and aging [1].
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In view of this knowledge the prevention of and the cure for dry skin syn-
drome by a topical product should strive for a normalization of both the intercel-
lular occlusion by mitigating the lipid barrier damage and the hypo-osmolarity in
the corneocytes.

3 PHOSPHATIDYLCHOLINE, PHOSPHOLIPIDS, 
AND LECITHIN

Phospholipids belong to the most versatile and to a large extent still enigmatic
biomolecules. Not only do they form barriers between biological compartments
and the environment, but they also provide the matrix for the all-important chem-
ical reactions of photosynthesis and energy conversion. The metabolites of phos-
pholipids are involved in the regulation of cell volume (the osmoprotectant func-
tion), in the signaling systems of cells and organs, as well as in the control of
redox reactions. The underlying mechanisms of many of these functions, the re-
dox reactions in particular, are still poorly understood [5].

This may help to explain why PC is used in so many diverse applications,
e.g., as an excipient in cosmetics and drug formulations, as an active substance
with distinct pharmacological efficacies in dietetics, and as an emulsifier in drugs
and food.

Phospholipids can be categorized by their chemical structure. Because ex-
cellent reviews on this subject are available, only the aspects relevant for the sub-
ject of this chapter will be given here [7,8].

The chemical structure of phospholipids can differ both in the hydrophilic
headgroups and the hydrophobic fatty acids which are esterified to the backbone
glycerol moiety of the molecule. Figure 1 and Table 1 outline the general formu-
las of phospholipids and the variations in composition of their fatty acids and hy-
drophilic headgroups. Additionally, the melting point temperature of the fatty
acids is given. The most important headgroups of phospholipids are choline,
ethanolamine, inositol, serine, and glycerol. The fatty acids of phospholipids can
be either saturated or unsaturated, with chain lengths of mainly 14, 16, and 18
carbons. Biological membranes of humans always consist of mixtures of phos-
pholipids, but the most abundant and ever-present phospholipid is PC, most com-
monly with unsaturated fatty acids and, to a lesser extent, also with saturated fat-
ty acids (HPC). There are at least two exceptions to this last rule. The first
exception is the membrane of the lung–air interface, in which the most abundant
phospholipid is HPC with two palmitic acids. A membrane formed of PC with
such saturated fatty acids is more rigid, and it is often referred to as crystalline, or
being in a gel state. The different composition of the membrane at the lung–air in-
terface is a consequence of a different requirement put on the membrane that sep-
arates the aqueous and gaseous phases, as compared to most other biological
membranes, which separate two aqueous phases. The second exception to the rule
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FIGURE 1 General chemical formulas of phospholipids.

is the membranous structure of SC, which separates the aqueous phase of the hu-
man body and the gaseous phase of its environment. Similar to the lung–air inter-
face, its structure is composed of gel-state bilayers.

Lecithin originating from soybeans or eggs is a mixture of phospholipids
(cf. Fig. 1), sterols, carbohydrates, glycolipids, fatty acids, and triglycerides. It is
used in substantial quantities in the food, feed, and technical industries. Because
the complete composition of lecithin is not known; and its components are sub-
ject to fluctuations in concentration, depending on the country of origin, extrac-
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tion process, storage conditions, and product age, lecithin itself cannot be recom-
mended for use in modern cosmetic products.

Unfortunately, the term lecithin is often used rather loosely and imprecise-
ly. Particularly in the English literature it is often used synonymously for PC
and/or the complex mixture of lecithin as just outlined. This often leads to confu-
sion and to incompatible findings achieved with PC, phospholipid mixtures, and
lecithin.

It is also important to note that the only phospholipids documented in ac-
cordance with the requirements of cosmetic and drug applications are pure PC
and fractions with a high content of PC, either in unsaturated or hydrogenated
form, originating from soybeans.

An important factor of the use of lecithin and phospholipids in topical for-
mulations is the presence of phosphatidylethanolamine (PE). This phospholipid
possesses a primary amino group (cf. Fig. 1) which may react with aldehydes, ke-
tones, and carbohydrates present in the topical formulation or in the skin. Such a
chemical reaction may have two effects. It may cause a time-dependent deteriora-
tion of components such as perfumes and preservatives. Or, if the amino group of
PE does interact with biomolecules which are components of the skin, it may lead
to unpredicted pathological states. Because every lecithin and most phospholipid
products contain PE, this aspect should be considered when designing a new for-
mulation.

3.1 Phosphatidylcholine and Water

Phosphatidylcholine is hygroscopic—one molecule of PC binds approximately
20 molecules of H2O. Each molecule of PC permeating into SC will drag along
20 molecules of water. Also, in contrast to other phospholipids present in lecithin,
PC (and to a lesser extent also PE) is the only phospholipid with an intrinsic hy-
dration force [9]. The water-binding capacity of PC is thus independent of the
presence of ions. It can be assumed that if PC is taken up by the SC, the water
content and the water-binding capacity of the SC will be elevated by virtue of the
intrinsic hydration force of the PC taken up. Because in a disrupted permeation
barrier the flow of ions from the inside to the outside of skin has a messenger
function [10], the ion-independent hydration force of PC may be of importance in
the treatment of damaged skin.

In the skin, PC is metabolized by the enzymes phospholipase A (PLA) and
phospholipase D (PLD) into choline, betaine, and glycerylphosphatidylcholine
(GPC). These metabolites belong to the group of biomolecules called osmopro-
tectants, also known as osmolytes, compatible osmolytes, and/or (most precisely)
counteracting osmolytes. These molecules play an essential role in the control of
volumes of animal cells; they bind and keep water in the cell, but owing to their
hydrophilicity they are not able to penetrate into the membranes and transport
water across them.
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The major organic osmoprotectants in animal cells can be divided into three
groups. The first group comprises substances which contain a quaternary nitrogen
moiety with three methyl groups and a positive charge. Glycerylphosphoryl-
choline and betaine belong to this group. The second group consists of carbohy-
drates such as sorbitol and inositol, and the third one of certain amino acids and
their derivatives.

The presence of osmoprotectants in the skin is particularly important in
view of the flow of ions between the inside and the outside of the skin. It is obvi-
ous that a curative and/or preventive treatment of the skin with osmoprotectants
can only be successful if these molecules are capable of penetration into the skin.

Phosphatidylcholine and HPC are pro-osmoprotectants that do penetrate
into the skin, where they become precursors and a source of osmoprotectants. In
contrast to these penetration-capable precursors, the osmoprotectants themselves
are very hydrophilic and therefore are not capable of penetrating into the skin.

3.2 Phosphatidylcholine in Skin Treatment

Biological bilayers are permeation barriers which allow the formation of com-
partments in a human organism. The composition of these bilayers is given by the
task they have to perform. The fluid-state membranes of cells and organelles sep-
arate different aqueous phases and provide means for the generation of chemical
and electrical gradients. In the lung the barrier separates the aqueous and the
gaseous phases, allowing an active gas exchange. In the skin it also separates the
aqueous and the gaseous phases, but in addition it deals with biological, chemi-
cal, and mechanical stresses.

These varying tasks are reflected in the different compositions of these bi-
layers. The composition changes from the fluid-state phospholipids (mainly PC)
in cell membranes to the gel-state PC in the lung and to the highly crystalline and
hydrophobic structure of the skin, as imparted by ceramides. The ceramides of
the latter membrane are the product of reprocessing of phospholipids and other
lipids in a deeper layer of the skin, the stratum granulosum. In this specific trans-
formation, the fluid, hydrophilic vesicle–forming phospholipids get converted to
the hydrophobic, gel-state and sheet-forming ceramides. Such properties are nec-
essary for the formation of a permeability barrier with a continuous, highly crys-
talline bilayer structure.

Phosphatidylcholine is available in the form of two distinct chemical enti-
ties. The first is native soybean PC, which contains approximately 70% linoleic
acid, other unsaturated fatty acids, and only 15 to 16% of saturated fatty acids.
Because of its fatty acid composition, this PC quality has a transition temperature
of around 0°C. In water it spontaneously forms fluid-state membranes and lipo-
somes. It is extensively used in skin treatment as (1) a penetration enhancer
[3,4,11] and (2) as a source of linoleic acid, e.g., in the treatment of acne and
greasy skin [12,13]. The second entity is PC containing saturated fatty acids only
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(i.e., HPC), which is used in skin treatment with the aim of strengthening or sub-
stituting the permeation barrier [14].

3.3 Phosphatidylcholine with Saturated Fatty Acids

In contrast to the fluid-state PC, the hydrogenated soybean phosphatidylcholine
(HPC) contains approximately 85% stearic acid, 14% palmitic acid, and 1% oth-
er fatty acids (Fig. 2). These fatty acids have a high melting point (cf. Table 1),
and the transition temperature of HPC is therefore approximately 55°C.

The INCI declaration of HPC is hydrogenated lecithin, a misleading term
because it does not express the fact that this product is a well-defined substance. In
our terminology, HPC is a chemical entity which forms bilayers with a gel-to-fluid
transition temperature of 50–55°C, as compared to 50°C of the SC lipids [15]. As
an excipient, HPC is used in drug formulations because it ameliorates side effects
of drugs such as amphotericin B and is well tolerated by humans. It possesses ther-
modynamic properties similar to those of skin ceramides [2]. It is produced on an
industrial scale according to the cGMP requirements. Its handling is simple and
well documented. These factors suggest that for the preventive and curative treat-
ment of dry skin, HPC could be a good industrial alternative to ceramides.

4 BIOLOGICAL FINDINGS WITH HPC

4.1 Interaction of HPC with SC Lipids

Blume et al. [16] performed differential scanning calorimetry and 2H-NMR ex-
periments on a dispersion of a SC model lipid mixture consisting of 40% ce-
ramides, 25% cholesterol, 25% palmitic acid, and 10% cholesterol sulfate. In wa-
ter at 37°C this lipid mixture formed lamellar gel-state structures which were
comparable to those of the skin permeability barrier. These lamellar sheets inter-
acted with the dispersions made of (1) a fluid-state PC fraction and (2) HPC by
exchange of monomers through the water phase. For the fluid-state PC the inter-
action was complete in 2 hr; for HPC in 24 hr. The interaction was dependent on
the lipid concentration.

These results indicate that the two PC dispersions tested have different ki-
netics of interaction with the skin, and also that their effect on skin homeostasis is
possibly dose dependent. One can conclude that HPC does not penetrate as
deeply into the skin as the fluid-state PC.

4.2 Uptake of HPC by Skin

The different kinetics of the interaction between the native skin lipids and the flu-
id-state PC and/or HPC was determined by several in vivo and in vitro penetra-
tion studies.
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FIGURE 2 Hydrogenated phosphatidylcholine (1,2-stearoyl-phosphatidyl-
choline). The molecule is shown with two stearic acids. The soybean HPC
contains 85% stearic acid, 14% palmitic acid, and 1% other fatty acids.
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Van Kuijk et al. [17] showed that in vivo the fluorescent-labeled liposomes
made from fluid-state PC penetrate significantly deeper into the rat skin than
those composed of HPC. The same results were obtained for analogous in vitro
studies on human skin [18]. The uptake was higher under nonocclusive condi-
tions, indicating the existence of an as yet unrecognized role of water in the skin
penetration of the formulations containing PC.

Kirjavainen et al. [4] compared the distribution of drugs formulated with
fluid-state PC and/or HPC in the skin in vitro. The HPC-based liposomes re-
mained in the SC and were thus not able to enhance the transdermal drug pene-
tration.

Fahr et al. [3] visualized penetration of liposomes with encapsulated fluores-
cent dye carboxyfluorescein into the human abdomen skin. Figure 3 shows that,
compared to the liposomes made from HPC, those composed of fluid-state PC are
taken up by the skin more readily, permeate it faster, and penetrate beyond the SC.

These findings suggest that HPC, and most probably also the accompany-
ing water, is taken up by the SC but not by the deeper layers of the skin. In addi-
tion, HPC does not seem to perturb the lipid barrier to the extent that it would en-
hance the uptake of substances by the dermis.

4.3 Tolerance of HPC by Sensitive Skin

Damaging the permeability barrier is considered to be the first step in the process
of irritation of the skin by chemical or physical noxae [19]. The consequence of
this damage is the increased synthesis of cytokines and lipids as well as an in-
creased level of TEWL [20,21]. The visual or sensory symptoms perceptible by
the test persons and the investigators are scaling and erythema. These effects
were used to determine and quantify the effects of different emulsifiers on the test
persons as compared to those of HPC [22].

The results of this study (Fig. 4) lend themselves to the following interpre-
tation: (1) the emulsifiers which are not related to the lipids of the permeability
barrier have the highest irritation potential; (2) the sugar-containing substances
which are related to the biological membranes have a lower irritation potential;
and (3) HPC (substance most closely related to the permeability barrier lipids)
displays no irritation potential at all.

4.4 Effect of HPC on Skin Hydration

Sodium lauryl sulfate challenge of the human skin in vivo is generally recognized
as the most convincing method for imitating dry skin. We have chosen this
method to evaluate the potential of HPC in the control of skin hydration. This
clinical study was carried out by Gehring et al. [23] at the Dermatology Depart-
ment of the University of Karlsruhe, Germany, in cooperation with the authors,
and has been submitted for publication.
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FIGURE 3 Uptake of the fluid-state PC and the gel-state HPC by the skin. (A)
Three hours, fluid-state PC. (B) Three hours, HPC. (C) Twelve hours, fluid-
state PC. (D) Twelve hours, HPC. Left side of each is a fluorescence micro-
graph showing the depth of penetration into the skin of the fluorescent dye
carboxyfluorescein. Right side is a visible light micrograph as a reference to
the fluorescence micrograph. (From Ref. 3.)
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FIGURE 4 Emulsifiers and their irritation potential as assessed from the
extent of erythema and scaling. HPC, hydrogenated lecithin; PMD, polyglyc-
eryl-3 methylglucose distearate; SSSC, sorbitan stearate and sucrose co-
coate; CACP, cetearyl alcohol and cetearyl polyglucose; PGL, polyglycerin-
laurate; SXG, saponins–xanthan gum; GSC, glyceryl stearate citratea;
MMSASC, macromolecule and stearic acid and sodium chloride; SLES, sodi-
um laureth sulfate. (From Ref. 22.)

A total of 15 volunteers applied the dispersions to be tested on the volar side
of the forearm. Sodium lauryl sulfate was applied as a 0.01 M% solution by a plas-
tic foam roller rolled over the skin 50 times, 5 times per day; the weight of the
roller ensured that a specific amount of SLS was applied on the skin surface. 200
µL of 1% HPC dispersion was distributed on the skin 30 min after the application
of SLS; the 1% HPC concentration was chosen after preliminary experiments had
revealed that a concentration of 0.5% showed moderate effects and that a concen-
tration of 5% was slightly irritant. In all experiments, 1% dispersion of HPC (Phos-
pholipon 90H) was used. The HPC dispersion was prepared by heating 495 mL
distilled water to 60°C and transferring it to a high-speed mixer (Braun-Mix); 5 g
HPC were added, and the mixture was homogenized at 16,000 rpm for 30 min; the
product was preserved with 0.015% thiomersal and kept at 4°C before use. Skin ir-
ritation was measured by Chromameter CR 200 (Minolta), water content in the
skin by Corneometer CM 820 (Courage and Khazaka), and TEWL by Tewameter
TM 210 (Courage and Khazaka). The statistical evaluation was performed by a
Wilcoxon pair difference test for combined random samples. The evaluation of the
experimental factors took place always 12 hr after the last application.

The results are documented in Fig. 5. Figure 5A shows HPC formulated in
water does not normalize the elevated TEWL. This is in agreement with the find-
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FIGURE 5 In vivo studies with human skin. Effects of (A) SLS (circles) and
SLS/HPC (triangles) on TEWL; (B) skin hydration, and (C) skin irritation. With-
in each group the two effects were compared using Wilcoxon pair difference
test for combined random samples. n indicates the size of the statistical sam-
ple; p indicates the statistical significance of the difference between the cor-
responding points of the two curves. (From Ref. 23.)

p = 0.0108

p = 0.0177

p = 0.0199

p = 0.0478
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ings of other laboratories that the application of products containing only phos-
pholipids [24] or only ceramides [25] to a perturbed skin is insufficient for the
normalization of TEWL. Figure 5B shows that the water content of SC in the
challenged skin gets significantly elevated upon the treatment with HPC. Figure
5C shows that HPC normalized the cytokine-transmitted inflammatory response
of the perturbed skin.

4.5 Effect of HPC in Topical Formulations on
Hydration of Healthy Skin

This cosmetic study was conducted for Kuhs GmbH by Derma Consult GmbH
(Bonn, Germany). The aim of the study was to compare effects of HPC in a cos-
metic formulation on healthy skin with those of three commercial oil-in-water
(O/W) emulsions. The study has not been published yet, but it is available from
Kuhs GmbH (Leichlingen, Germany; probiol@kuhs.com).

A total of five preparations were tested:

1. HPC-containing DMS formulation 1 (Aqua, carprylic/capric triglyc-
eride, pentylene glycol, hydrogenated lecithin (HPC 4%), butyrosper-
mum parkii, glycerin, squalene, 0.0066% ceramide 3)

2. HPC-containing DMS formulation 2 (Aqua, carprylic/capric triglyc-
eride, pentylene glycol, hydrogenated lecithin (HPC 2%), butyrosper-
mum parkii, glycerin, squalene, sodium carbomer, xantham gum,
0.0033% Ceramide 3)

3. Commercial product 1 (Aqua, caprylic/capric triglyceride, hydrogenat-
ed coco-glycerides, polyglyceryl-3 methylglucose distearate, glyceryl
stearate, setyl alcohol, stearyl alcohol, phenoxyethanol, cyclome-
thicone, glyceryl polymethacrylate, imidazolidinyl urea, aluminum
starch octenyl succinate, propylene glycol)

4. Commercial product 2 (Aqua, paraffinum liquidum, dicaprylyl ether,
cyclomethicone, glyceryl stearate SE, isohexadecane, butyrospermum
parkii, sodium acrylatees copolymer, phenoxyethanol, cetyl phosphate,
imidazolidinyl urea, PPG-1 Trideceth-6, sodium hydroxide, PEG-8, to-
copherol, ascorbyl palmitate, ascorbic acid, citric acid)

5. Commercial product 3 (Aqua, paraffinum liquidum, sorbitol, dicapry-
lyl ether, cyclomethicone, glyceryl stearate SE, isohexadecane, toco-
pheryl acetate, butryrospermum parkii, sodium acrylates copolymer,
panthenol, phenoxyethanol, cetyl phosphate, hexylene glycol, imida-
zolidinyl urea, PPG-1 Trideceth-6, retinyl palmitate, arachis hypogaea,
fructose, glucose, sodium hydroxide, PEG-8, dextrin, sucrose, urea, to-
copherol, alanine, ascorbyl palmitate, aspartic acid, glutamic acid,
hexyl nicotinate, ascorbic acid, citric acid)
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The test was performed on 20 healthy female volunteers (25 to 40 years old), who
applied the formulations to be tested on the volar side of the forearm. The prod-
ucts were applied twice daily over a period of 28 days. The time of evaluation
was 8 hr, 1 and 3 days after the last application. Skin hydration was measured
with Corneometer CM 825 (Courage and Khazaka), skin roughness with Skin Vi-
siometer (image analysis on silicon base, Courage and Khazaka) and skin firm-
ness with Cutometer SEM 474 (Courage and Khazaka).

The results of this comparative study on healthy skin are summarized in
Fig. 6. They indicate the following.

1. Both of the formulations containing HPC show similar efficacy; one
can therefore presume that the highest beneficial effect is achieved at
2% HPC.

2. The superior effects of the DMS formulations, especially the longer-
lasting effects after the application was terminated, are most likely
based on the presence of HPC. This conclusion is supported by the
penetration property of HPC as well as by the elevation of skin hydra-
tion as indicated in the case of the SLS-damaged skin. Because in
healthy skin the barrier is not damaged, these findings strongly indicate
that the elevated skin hydration could be a function of the intrinsic hy-
dration force of HPC and the osmoprotectant efficacy of its metabo-
lites, due to which HPC brings in and retains water in the permeability
barrier. No other components of topical formulations possess such
properties.

Because the commercial products do not include substances with the func-
tionality of HPC outlined, the superior efficacy of the DMS formulations is un-
derstandable. This difference further indicates the relevance of HPC for the con-
trol of skin hydration also in the healthy undamaged skin.

5 DISCUSSION

The functionalities of HPC explained in this chapter support and expand our
knowledge of the mechanism and the means of skin hydration control.

It was shown that SC takes up HPC. The prerequisite for this uptake is the
interaction of HPC with the permeability barrier. In vitro, this interaction does not
perturb the SC lipid structure. This explains the lack of any irritant capacity of
HPC on healthy human skin in vivo. In contrast to the interaction of HPC with the
skin, nearly all of the commercial emulsifiers dissolve the SC lipid structure in
vitro, and in vivo most of them display an irritation capacity. In SLS-perturbed
skin, the elevated TEWL is an indicator of the disintegration of the permeability
barrier. In our experiments, HPC formulated in water does not normalize the ele-
vated TEWL. This is in accordance with the findings of other laboratories sug-
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FIGURE 6 In vivo studies with human skin. Effects of two HPC-containing for-
mulations (DMS 1 and DMS 2) and three commercial HPC-free products
(Products 1, 2, and 3) on (A) skin firmness, (B) skin smoothness, and (C) skin
hydration. (Courtesy of Kuhs GmbH, Leichlingen, Germany.)
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gesting that the bilayer-forming substances, such as phospholipids [24] or ce-
ramides [25], have to be formulated with other lipids which do not form bilayers
on their own, but which will insert into existing bilayers, thus providing a form of
repair to a disrupted barrier. On the other hand the water content of the SC in
SLS-perturbed skin becomes significantly elevated if the skin is treated with HPC
concomitantly with and after the SLS treatment. This indicates that HPC func-
tions as a transport vehicle and storage for water, thus substituting to some degree
the SLS-depleted NMF. Because of the intrinsic hydration force of HPC and the
osmoprotectant properties of the HPC metabolites, such as betaine and glyc-
erylphosphatidylcholine, and because HPC is taken up in the SC, these findings
are not surprising.

The repetitive application of SLS causes not only a disruption of the per-
meability barrier, but also the release of cytokines, which are the indicators of in-
flammation. In our experiments, HPC normalized the inflammatory response of
the skin to the SLS treatment. This result is supported by previous findings re-
garding the anti-inflammatory potential of PC in the cases of UV irritation [26]
and efflorescences in acne [12]. Another supportive argument could be the pro-
posed mode of protective effects of PC and its metabolites during a redox imbal-
ance [5].

The finding that HPC has an anti-inflammatory efficacy but no normalizing
effects on TEWL is in contrast to the common belief that the cytokine-releasing
inflammatory effect of SLS is based on barrier disruption, and that a barrier repair
leads to normalization of the inflamed skin [27].

Further experiments are necessary for the evaluation of the full anti-inflam-
matory potential of HPC because it is conceivable that due to the uptake of HPC
in SC, the penetration rate of SLS through SC increases, which is a contrary effect
to the amelioration of irritation by HPC.

In order to evaluate the full potential of HPC in skin hydration control we
need to perform experiments with formulations containing HPC and lipids which
are related to endogenous SC lipids. The positive effects of such lipid combina-
tions on SLS-induced dry skin [24] should suggest the optimal composition of
such formulations.
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1 INTRODUCTION

Although there are many hydroxy acids, the focus of this chapter is on alpha-hy-
droxyacids, or AHAs as they have come to be known universally since their ex-
plosive takeover of the cosmetic facial moisturizer market in the early 1990s
[1–3]. More recently, other classes of hydroxyacids have been used in skin care
products [4], but at the time of writing (2001) AHAs stand alone as the only hy-
droxyacids supported by placebo-controlled clinical testing. In fact it is one par-
ticular AHA, glycolic acid, that was used in the first AHA facial moisturizers and
remains the most common form today. As detailed herein, glycolic acid and other
AHAs do more than moisturize. They are able to reduce wrinkles, eliminate fine
lines, improve skin surface texture, and lessen some of the other changes associ-
ated with photodamaged skin. However, the AHA story starts long before the
spectacular appearance of glycolic acid “anti-aging” skin creams in 1992. Some
25 years earlier, another alpha-hydroxyacid, lactic acid, was identified as a com-
ponent of the skin’s natural moisturizing factor (NMF) and introduced as a mois-
turizing ingredient in creams and lotions to treat and prevent dry skin, particular-
ly winter dry skin on the hands, legs, and body [5]. At about the same time Van
Scott and Yu reported that alphahydroxy acids as a class were effective for treat-
ing ichthyosis and other disorders of keratinization [6]. The new information
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about AHAs prompted increased interest in glycolic acid by dermatologists for
chemical peel procedures. Glycolic acid solutions (50–70% concentration with-
out neutralization) were found to be very effective as acid peels, easier to use and
without side effects compared to other peeling agents [7].

The extensive use of AHAs in the last 10 years has transformed the cosmet-
ic market place and changed consumer expectations. Women have seen that AHA
moisturizers can provide skin improvements dramatically better than previous
skin care creams. There has been much discussion about the biological effects
and cosmetic efficacy of AHA products over the last 10 years [8–10], with the
majority of publications being editorial and review articles rather than original
scientific papers. This has resulted in a merging of fact and speculation relating to
AHA skin actions and benefits.

Alpha-hydroxyacids have a variety of different actions on skin depending
on their pH and concentration. These effects are detailed in the sections that fol-
low. In simple terms, the salt forms of AHAs are effective humectant moisturiz-
ers, whereas the acid forms go beyond moisturizing to correct the dysfunction un-
derlying dry skin and to enhance the normal processes of the epidermis. There is
an important distinction between the strong acid solutions used as chemical peels
by dermatologists and the mild buffered preparations available to consumers as
everyday cosmetic creams and lotions. The former work by damaging skin, and
the latter are designed to provide benefits without any adverse effect.

Alpha-hydroxyacids appear to have multiple actions on the stratum
corneum and living epidermis depending on concentration and pH. But given that
the primary function of the epidermis is to produce a healthy and effective outer
protective layer, it is not surprising that the main benefits of AHAs are manifest as
enhancements of stratum corneum quality (its look, touch, feel, and effectiveness
as a protective barrier). Another property of AHAs in their buffered acid form is a
tendency to induce sensory irritation (burn, sting, or tingling) in susceptible indi-
viduals, at concentrations which are not overtly irritating, i.e., do not induce an
inflammatory reaction [11]. The sensory irritant effect is pH/concentration related
and reduces as pH is increased (i.e., as the proportion of free acid is reduced).

Failure to take account of pH and concentration has led to a good deal of
questioning and miscommunication about the benefits, safety, and effectiveness
of AHA products. It is surprising how many otherwise sound scientific publica-
tions do not specify the pH of AHA preparations under study. It is therefore ap-
propriate to start this chapter with a brief consideration of pH and some of the
other basic facts about AHAs.

2 CHEMISTRY AND BIOCHEMISTRY OF 
ALPHA-HYDROXYACIDS

Hydroxyacids are common and essential constituents of all living cells. Simple
hydroxyacids are mainly involved in the breakdown of fats and carbohydrates to
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produce energy. Derivatives of hydroxyacids are involved in amino acid and pro-
tein metabolism (structure and growth), neurotransmitters (brain and nerve func-
tion), and some hormones and vitamins. Lactic acid is the most important AHA
involved in cellular energy metabolism.

Alpha-hydroxyacids are organic carboxylic acids having a hydroxyl group
(–OH) attached to the carbon atom (–C–) next to the carboxyl group (–COOH). In
the nomenclature of chemistry, this carbon atom is “alpha” to the carboxyl group.
Hence the name, alpha-hydroxyacids. There are many AHAs determined by the
chemical group attached to the alpha carbon atom (Figure 1).

Alpha-hydroxyacids are “weak acids,” meaning that they do not complete-
ly dissociate in water. The extent of dissociation is a function of pH. The pH at
which an acid is 50% dissociated (50% acid form and 50% salt form) is the pKa
value for the acid. It is significant that the pKa values for glycolic acid (pH 3.83)
and for lactic acid (pH 3.86) are very close [12]. Most cosmetic glycolic acid
products have pH values at about this pKa value or higher, and most lactic acid
hand and body moisturizers have pH values above 5. Because the slope of the dis-
sociation curves for weak acids reaches a maximum at the pKa [13], small move-
ments in pH make a big difference to the availability of acid versus salt, as shown
in Table 1. Note that concentration does not have as much effect on acid strength,
as does pH. For example, a 5% solution of fully dissociated glycolic acid has a pH
of 1.7, while 10% is pH 1.6, and 50% is pH 1.2. A 10-fold difference in concen-
tration makes a difference of only 0.5 pH unit [14].

The concentrations of glycolic acid most widely used in cosmetic face
moisturizer products are from 4 to 8% glycolic acid at pH 3.8–4.0. The typical
concentration of lactic acid in products for hand and body dry skin treatment is
about 5%, with pH varying from pH 4–5 and above. There is one prescriptive lo-

FIGURE 1 Structure of alpha hydroxyacids
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TABLE 1 Free Acid Content for AHA Products (Glycolic or
Lactic) Related to pH

Concentration of free acid for each product
concentration of AHAa

pH 10% 8% 4% 2% 1%

2.0 9.9b 8.0b 4.0d 2.0d 1.0e

3.0 8.8b 7.0b 3.5d 1.8e 0.9e

3.5 6.8c 5.4c 2.7d 1.4e 0.7e

3.6 6.4c 5.1c 2.6d 1.3e 0.6e

3.7 5.7c 4.6d 2.3d 1.2e 0.6e

3.8 5.2c 4.2d 2.1d 1.1e 0.5e

3.9 4.6c 3.7d 1.8d 0.9e 0.5e

4.0 4.0d 3.2d 1.6d 0.8e 0.4e

4.2 3.0d 2.4d 1.2e 0.6e 0.3e

4.4 2.1d 1.2e 0.6e 0.3e 0.2e

4.6 1.5e 0.8e 0.3e 0.2e 0.1e

5.0 0.6e 0.5e 0.2e 0.1e 0.1e

6.0 0.1e 0.1e 0.0e 0.0e 0.0e

aPKa for both close to 3.8 (see text).
bEffective but more acid than CIR limit.
cEffective but more acid than most retail.
dGood evidence efficacy.
eBorderline effective/ineffective.
Note: Cells group free acid values for products according to efficacy
for improving skin condition beyond simple moisturization, and super-
imposed on efficacy is availability/suitability for retail cosmetic mois-
turizer products. The cut-off for efficacy is somewhat arbitrary but
based on evidence that efficacy drops off sharply below 4% AHA at pH
4.0 (1.6% free acid).

tion for dry skin that contains 12% lactic acid and is pH 5.4 [15]. It should be not-
ed that concentrations of AHA up to 10% with pH down to 3.5 are considered safe
by the U.S. Cosmetic Ingredient Review (CIR).

Glycolic acid and lactic acid appear to be similarly effective for skin mois-
turization and anti-aging benefits [16], and yet their biochemistry is completely
different. Lactic acid is at the center of mammalian energy metabolism, whereas
glycolic acid does not figure in mainstream mammalian biochemistry with only a
minor pathway for processing glycolic acid coming from the diet. As we shall see
later the similar effectiveness of these two metabolically different acids cannot be
explained in terms of their one common feature, i.e., that they both have essen-
tially the same pKa.

Another hydroxyacid used in facial anti-aging products is salicylic acid.
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This is an aromatic hydroxyacid that has long been used as a keratolytic agent in
the treatment of warts and other hyperkeratotic conditions [17] and in OTC
preparations for the treatment of mild acne [18]. Unlike AHAs, salicylic acid has
not been used as a moisturizing ingredient in products for treating dry skin, but it
does seem to have cosmetic benefits for skin photodamage and has been promot-
ed as an alternative to AHAs [19]. The pKa of salicylic acid is 2.97 [20], nearly 10
times more acid than the pKa of glycolic and lactic acids. Because of its potential
for irritation at higher concentrations, salicylic acid is mostly used at concentra-
tions of 1.5% or less in cosmetic skin creams. Salicylic acid has been described as
a beta-hydroxyacid (BHA) by the cosmetic industry, but described correctly it is
an aromatic ortho-hydroxyacid.

The alpha-hydroxyacids are sometimes called fruit acids because of their
abundance in common fruits (citric acid in citrus fruits, malic acid in apples, tar-
taric acid in grapes). Ironically, the two most widely used AHAs are not major
components of fruits; glycolic acid is a constituent of sugar cane juice and lactic
acid occurs most abundantly in sour milk [12].

3 SKIN BENEFITS OF HYDROXYACIDS

There have been several distinct phases in the development of AHAs for cosmet-
ic skin care products.

1. 1970 onward: use of lactic acid in products to treat and prevent dry
skin (initially in the United States and Europe, extending worldwide).

2. 1992 onward: alongside lactic acid moisturizers, use of glycolic acid to
treat facial photodamage (initially in the United States, extending
world wide).

3. Mid-1990s onward: alongside glycolic and lactic acid products, use of
other hydroxy acids including BHA, tri-hydroxyacids (THAs), poly-
hydroxyacids (PHAs), combinations of these, and ascorbic acid (vita-
min C), in a search for systems to improve on glycolic acid.

4. In addition to their cosmetic skin care use, AHAs, saw increasing use
from the 1970s onward, specifically glycolic acid, for chemical peels.
This was both as conventional peels and as combination therapies
where patients use “cosmetic” AHA preparations at home and visit the
dermatologist at regular intervals for supplementary glycolic acid light
peels [21].

The focus for the first 20 years of AHA application was for moisturizing products
to treat and prevent dry skin. The typical pH of lactate-containing dry skin creams
and lotions has been above the pKa of lactic acid, usually by a pH unit or more.
Therefore, the lactate in these products has been more in the salt form (ammoni-
um, sodium, and potassium salts are most common) than as free acid. The pub-
lished data suggest that lactate dry skin products vary in effectiveness and are
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generally only a little more effective for controlling dry skin than products based
on the main alternatives, humectants such as glycerol, sorbitol, urea, and glycols.
However, it is difficult to draw conclusions about the different ingredients be-
cause most of the clinical comparisons of these products have been with commer-
cial products that contain different concentrations of humectant in different emul-
sion bases [22]. Over the last 30 years, most of the leading dry skin moisturizing
products have been based on these alternative moisturizing ingredients more than
lactic acid. [23].

The second wave of AHA products, from 1992 onward, were the facial
moisturizers promoted as wrinkle reduction creams and lotions, or so-called anti-
aging creams. The evidence presented here leaves little doubt that these products
are effective for reducing the visible signs of photodamaged skin and that this
produces a younger and healthier look to the skin. Typically, there is a marked im-
provement in the first week or so that can be attributed to direct effects on the
stratum corneum (hydration and exfoliation). This is followed by a slow, progres-
sive further improvement over several months with fine lines and wrinkles be-
coming less evident and overall complexion achieving a brighter and more even
color tone. Initially, anti-aging AHA products were available in two strengths of
glycolic acid, 8 and 4% glycolic acid and a pH 3.8–4.0. These products were
proven effective in a placebo-controlled clinical trial (see Section 8). Their suc-
cess was followed by scores of other products that were mostly highly priced
items sold in prestige and specialist channels of trade. Some of these products
were effective (i.e., they contained AHA, usually glycolic acid, at effective con-
centrations/pH), but many were probably not. The effective products have stood
the test of time and remain on the market in 2001. Many of the others have disap-
peared or been reformulated with new ingredients and new claims.

The third phase of AHA products, which continues today, has two compo-
nents. One was the extension of the original AHAs, glycolic and lactic acid, into
a broader range of products addressing a wider range of everyday skin problems
(see subsequent sections). The other was the introduction of “new” hydroxy acids
and related ingredients, emerging from the research and exploration of cosmetic
manufacturers and the raw material supply industries. The search for ingredients
and combinations superior to the original AHA products for skin improvement
continues.

The review in this chapter follows the chronology of AHA discovery and
application in cosmetic products, a chronology that starts with research conduct-
ed in the late 1960s and published in the early 1970s.

4 BENEFITS FOR ICHTHYOSIS

The 1974 publication by Van Scott and Yu [6], indicating that hydroxyacids as a
class have skin therapeutic activity beyond simple moisturization, was a major
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landmark in the AHA story. In a small but very elegant and revealing study, Van
Scott and Yu demonstrated unequivocally that alpha-hydroxyacids have a re-
markable therapeutic action on ichthyotic skin conditions. Ichthyosis describes a
number of similarly appearing hereditary skin conditions in which there is ab-
normal keratinization, leading to an accumulation of heavy scale at the skin sur-
face [24]. Ichthyotic skin has a characteristic fish skin–like appearance (Gr.
Ichthys, fish). When Van Scott did his pioneering work over 25 years ago, the
cause of ichthyoses, as for most skin conditions, was unknown beyond specula-
tion based on symptoms and histological findings. Treatment of the ichthyoses
was empirical, involving heavy application of moisturizing creams and oint-
ments containing keratolytic agents such as salicylic acid and urea. These prepa-
rations provided only modest relief of symptoms. Modern molecular biology has
revealed the genetic defects and associated metabolic disturbances underlying
the different ichthyoses [25]. Recessive X-linked ichthyosis is caused by a defi-
ciency of the enzyme steroid sulfatase [26,27]; epidermolytic ichthyoses are
caused by defects in keratin proteins [28]; and lamellar ichthyosis is due to de-
fects in transglutaminase cross-linking of proteins in the upper epidermis
[29,30].

In their 1974 study [6], Van Scott and Yu studied the effect of some sixty or
so low molecular weight organic mono- and di-acids, fatty acids, amino acids,
aromatic acids including salicylic acid, urea, and analogs. These materials were
applied to circular areas on the arms of patients with severe ichthyosis at concen-
trations of 5 or 10%. Up to six solutions were tested on each arm with twice dai-
ly application for 2 weeks. After only 4 days, some preparations cleared all the
hyperkeratotic scale from the skin surface. Twelve solutions, all AHAs, were very
effective for restoring normal looking skin. Forty other materials had little or no
effect and the remainder, including salicylic acid (10%) and urea (5%), had a
slight effect. The effective hydroxyacids were citric acid, ethyl pyruvic acid, gly-
colic acid, gluconic acid, 3-hydroxybutyric acid, lactic acid, malic acid, methyl
pyruvic acid, 2-hydroxy-isobutyric acid, pyruvic acid, tartaric acid, and tartronic
acid. Van Scott and Yu went on to show that 2% preparations of effective hy-
droxyacids used therapeutically could clear the visible ichthyotic condition in 2
weeks. Histological evaluation of treated and adjacent untreated sites indicated an
abrupt removal of the abnormal stratum corneum rather that a slow dissolution
from the surface as occurs with keratolytic agents. They also observed greatly re-
duce epidermal thickening, indicating a physiological effect of AHAs and not
simply superficial exfoliation. Based on preliminary additional observations, Van
Scott and Yu predicted AHAs would benefit other dermatological conditions in-
volving disorders of keratinization. This has proved to be the case with clear
evidence of improvement for acne [31], hyperkeratotic skin [32,33], pseudo-
folliculitis barbae, i.e., ingrown hair [34], skin photodamage [35,36], and ker-
atoses [37].
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5 LACTIC ACID MOISTURIZATION, PLASTICIZATION,
AND NMF

In the same year that Van Scott published his seminal paper on hydroxyacid nor-
malization of aberrant keratinization, Middleton published results on the favor-
able effects of sodium lactate and more particularly lactic acid for the treatment of
cutaneous dryness and flaking [5]. It had been known since the classic experi-
ments of Blank [38] that water bound in the stratum corneum was critically im-
portant for maintaining softness and flexibility of the skin surface. Subsequent
studies had shown that hygroscopic substances occurring naturally in the stratum
corneum keep it hydrated. In 1968, Middleton published an insightful paper on
the mechanism of water binding in the stratum corneum [39]. He showed that iso-
lated corneum can take up and lose water by osmosis, and that powdering the
corneum allows water to extract the water-soluble substances without a prior sol-
vent extraction. He suggested that water-soluble substances are retained within
the corneum by a lipid-containing semipermiable membrane system within the
cell walls which allows hygroscopic substances to take up water by osmosis and
protects them from washout when the intact corneum is immersed in water. He
proposed that damage to the cell walls would allow water to extract the hygro-
scopic water-binding substances from the cells. We now know that this mecha-
nism is the essence of water retention within the stratum corneum and the cause
of dryness that arises when cells are damaged by solvents and surfactants [40].
Using his method for measuring the extensibility of isolated strips of stratum
corneum, Middleton showed that water held by hygroscopic substances is re-
sponsible for most of the extensibility of stratum corneum.

In 1973, Middleton reported results of continuing work to define the water-
binding properties of humectants and the relationship between stratum corneum
extensibility and hydration [41]. He showed that the increase in stratum corneum
extensibility after application of humectants was related to the water content of
the tissue, and if the water was removed by exposure to low humidity, the in-
crease in extensibility was lost. Sodium lactate behaved like other humectants in
this respect, but lactic acid had an additional action. The increase in extensibility
after application of lactic acid solution persisted after the water was removed.
This effect was attributed to a direct plasticization of the stratum corneum protein
by direct interaction of the lactic acid molecule. This plasticizing effect was not
seen when lactic acid was applied as the sodium salt. Alderson and coworkers lat-
er showed that longer chain analogs of lactic acid had a similar plasticizing effect,
which reached a maximum with the eight–carbon chain 2-hydroxy caprylic acid
[42]. They also confirmed that this effect required the free acid and was reduced
when pH is raised from 3 to 4 (pKa of lactic acid is pH 3.86).

Lactic acid is one of the main constituents of the natural moisturizing factor
of the stratum corneum [43]. The NMF is usually considered a natural humectant
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system, very hygroscopic, and able to absorb and hold water even at low relative
humidity. However, the direct plasticizing action of lactic acid may make a con-
tribution to the physiological role of NMF, although at the pH of skin, approxi-
mately pH 5.5, lactic acid is mostly present as the sodium salt. Urea, another main
constituent of the NMF, also has a direct plasticizing action on corneocyte protein
[44] and is unaffected by pH.

6 AHA AS A TREATMENT FOR DRY SKIN

Although 1974 saw the milestone publications of Van Scott and Middleton that
clearly demonstrated efficacy for alpha-hydroxyacids beyond simple hydration, it
would be another 20 years before AHAs exploded on the U.S. cosmetic skin care
marketplace and established a new multimillion anti-aging product category. In
the intervening years, there was much development of lactic acid as a treatment
for dry, flaky skin.

In his 1974 publication [5], Middleton showed that skin creams containing
lactic acid were effective for reducing dry and flaky skin. In fact, these studies
compared the relative effectiveness of lactic acid and sodium lactate and identi-
fied two different mechanisms for acid and salt forms. He showed that lactic acid
binds to stratum corneum and has a direct plasticizing effect, and sodium lactate,
which does not bind to stratum corneum but absorbs into corneocytes, acts by a
hygroscopic water-holding effect. Middleton conducted two clinical studies in
which 100 women used a placebo hand cream for 2 weeks, a 10% lactic acid hand
cream (pH 4.0) for 2 weeks and a 10% sodium lactate hand cream for 2 weeks.
Both creams were more effective than the hand cream base (an oil-in-water emul-
sion). In the first study, under relatively mild UK winter conditions, the lactic acid
and sodium lactate creams were equally effective. In the second study, carried out
under colder drier UK winter conditions, the lactic acid cream was significantly
more effective (p < 0.05) than the sodium lactate cream. Middleton went on to
show that a hand cream containing 5% lactic acid was as effective as 10% lactic
acid cream.

There is a clear relationship between pH and primary irritation potential for
lactic acid [13] with irritancy increasing rapidly below the pKa value (pH 3.86).
Primary irritation potential should not be confused with the burn/sting sensory ir-
ritation that is characteristic of AHAs, and lactic acid in particular [11]. Middle-
ton formulated his lactic acid hand creams at pH 4.0 to avoid irritation. At this
pH, a little above the pKa for lactic acid, the creams would have contained a mix-
ture of lactic acid and sodium lactate, approximately 40% acid and 60% salt.
Thus, Middleton’s clinical studies demonstrate that a combination of hygroscop-
ic humectant plus protein-binding plasticizer is a more effective treatment for dry
skin than humectant alone. This important insight appears to have been over-
looked because dry skin lotions developed over the next 20 years (see) were al-
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most exclusively based on hygroscopic humectants like glycerol or lactic acid
used at a pH that would render it mostly the nonplasticizing humectant sodium
salt.

The main humectant ingredients in over-the-counter (OTC) lotions for dry
skin have been summarized [23] and these are discussed in detail elsewhere in
this book. It is interesting to note that lactic acid and other hydroxyacids were lit-
tle used in the main commercial products for prevention and treatment of dry skin
up to the mid 1990s. One mass-market product contained 5% lactic acid, but at
the product pH of 5.5 most of the lactate would be present as the sodium salt [45].
Middleton’s earlier work showed that lactic acid binding to stratum corneum pro-
tein decreases as pH increases, with no detectable absorption above pH 5.0. Since
1995, presumably stimulated by the extensive use of AHAs in anti-aging creams
and lotions, more dry skin products have been formulated with lactic acid, usual-
ly in addition to glycerol or other humectants.

Although there was only limited application of AHAs in commercial prod-
ucts in the 1980s, one notable development was a prescription lotion containing
12% ammonium lactate. This product was for treatment of dry, scaly skin (xero-
sis) and ichthyosis vulgaris. Several clinical studies show that this lotion is more
effective than mass-market dry skin products, but not dramatically so. Dahl and
Dahl reported a double-blind clinical trial where 12% ammonium lactate lotion
(AML) was compared with a 5% lactic acid lotion and a nonlactate emollient lo-
tion [22]. During the 3-week treatment phase of the study, all three products were
equally effective in their ability to reduce the severity of xerosis. However, during
“regression,” the period after treatment was discontinued, subjects using 12%
AML showed a slower return of dry skin condition than those using the other two
products. Wehr et al. showed that 12% AML was a little more effective that an
emollient, petrolatum-based dry skin cream in a 3-week, double-blind, paired
comparison, dry skin regression study with 73 subjects [46]. After 1 week of
treatment there was not a significant difference between the two products, but by
weeks 2 and 3, there was a significant advantage for the 12% AML, which was
even more evident during the regression period (Table 2).

Buxman et al. showed 12% AML was more effective than vehicle and
petrolatum for the treatment of ichthyosis [47]. Rogers et al. compared 12% AML
with a 5% lactic acid lotion and saw a small but significant benefit for 12% AML.
As in the previous studies, the advantage for 12% AML was most evident during
regression [48]. At the pH of 12% AML product (pH 5.4) lactate is present most-
ly as ammonium salt. Although the increased effectiveness of 12% AML in these
studies could be attributed simply to a higher concentration of humectant than the
comparator products, there is the additional evidence of a regression benefit that
indicates 12% AML does more than simply enhance the water content of the stra-
tum corneum. Others have reported effects for 12% AML which go beyond sim-
ple moisturization. Lavker et al. found that topical ammonium lactate (using 12%
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TABLE 2 Comparative Effectiveness for Treating Dry Skin of a 12%
Ammonium Lactate Lotion and an Emollient Lotion

Reduction in dry skin score versus baselinea

Treatment period (day) Regression (day)

7 14 21 28 35

A (12% AML lotion) 69% 80% 86% 57% 51%
B (emollient) 63% 69% 78% 41% 31%
Significance (A versus B) NS SD SD SD SD

aInitial mean dryness score for both groups was 5.1 on a 0–9 scale.
Note: Subjects with dry skin applied the products twice daily, one to left leg, the other
to right leg, for 3 weeks. Leg skin condition was evaluated during the treatment period
and for a further 2 weeks after treatment stopped (regression).

AML) had a sparing effect on cutaneous atrophy caused by potent topical corti-
costeroid [49]. This was not simply a benefit secondary to improved stratum
corneum condition because there were also epidermal and dermal effects. In par-
ticular, there was a large increase in dermal glycosaminoglycans (GAGs), espe-
cially hyaluronic acid. Leyden et al. went on to show that topical application of
lower concentrations of lactic acid (2–10%) also increased glycosaminoglycans
content in the dermis [50].

The effects reported indicate that lactic acid and lactate salts have benefits
for skin which go beyond moisturization and plasticization of dry stratum
corneum. As observed by Van Scott in 1974, the hydroxyacids appear able to cor-
rect aberrant keratinization and dysfunction of normal stratum corneum matura-
tion and turnover, making the skin more resistant to development of xerosis. The
mechanism of these effects and/or most of the other biological effects of AHAs
has been subject to much speculation, but so far there has been no explanation
which accounts for the diversity of AHA actions (see subsequent sections).

7 STRATUM CORNEUM BARRIER IMPROVEMENT

The resistance of lactic acid–treated skin to reappearance of xerosis in the regres-
sion phase of dry skin clinical trials described indicates changes in the stratum
corneum beyond simple moisturization. Leyden et al. reported dramatic differ-
ence in stratum corneum structure after 3 weeks of 12% AML treatment [50]. The
thick diffuse hyperkeratotic stratum corneum characteristic of dry skin was re-
placed by a compact appearing stratum corneum with a normal number of cell
layers. Rawlings et al. demonstrated increased stratum corneum resistance to
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sodium lauryl sulfate (SLS) irritation after 4 weeks of treatment with a lotion con-
taining 4% lactic acid at pH 3.7–4.0 [51]. After twice daily application of lotion
for 4 weeks, trans-epidermal water loss (TEWL) was measured on treated and ve-
hicle control sites. These sites were then patched with 0.25% SLS for 24 hr and
TEWL remeasured. The increase in TEWL caused by SLS irritation was signifi-
cantly less on lactic acid–treated skin, indicating increased resistance of the stra-
tum corneum. Lipid analysis of tape strips taken from lactic acid and control sites
showed an increase in ceramide levels in lactic acid treatment sites and specifi-
cally an improvement in Ceramide 1 linoleate/oleate ratio. In follow-up studies
Rawlings and his coworkers demonstrated that L-lactic acid was more effective
than DL-lactic acid for improving stratum corneum barrier resistance to irritants.
D-Lactic acid was ineffective [52]. They concluded that lactic acid, particularly
the L isomer stimulates ceramide biosynthesis, leading to increased stratum
corneum ceramide levels and a superior lipid barrier that is more resistant to irri-
tants and development of xerosis.

8 AHA BENEFITS FOR AGED AND 
PHOTODAMAGED SKIN

It was a publication by Van Scott and Yu in 1989 [53] demonstrating anti-wrinkle
effects of AHAs at home use concentrations that set the stage for the biggest rev-
olution in the skin care marketplace in decades if not for all time. It was well
known that acid peels would rejuvenate photodamaged skin, but here for the first
time was evidence that twice-daily application of skin cream containing a poten-
tially cosmetic concentration of glycolic acid (5–10%) for 3–10 months could re-
duce facial wrinkles. This was a prospective study without specific controls and
with light glycolic acid peels as supplementary treatments every 1 to 6 weeks. By
strict clinical criteria the evidence for anti-wrinkle effects of glycolic acid at po-
tentially cosmetic concentrations was not conclusive. However, the evidence was
compelling. The fountain of youth had been a dream of the cosmetic consumer, a
hope beyond realistic expectation, and here was a rational, scientific publication
showing it might be possible after all. One man in the cosmetic industry recog-
nized the significance of this publication and took action that led to the launch of
Anew Creams by Avon Products Inc. in 1992 (personal communication). Avon’s
Anew cream contained 8% glycolic acid at pH 4.0. The product was a huge suc-
cess with consumers. They saw facial skin benefits not previously experienced
with regular facial moisturizing products. Other companies followed suit and
within 2 years AHAs became both a new category in the skin care marketplace
and also the hottest property in town [54]. Ten years further on, AHA products
continue to be the star of the cosmetic skin care marketplace. There are chal-
lengers and pretenders, but so far no other cosmetic ingredient has produced the
overwhelming consumer response and the clear-cut clinical evidence seen with
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glycolic acid [55,56]. What then is the clinical evidence for skin anti-aging bene-
fits of AHAs at the concentrations used in cosmetic moisturizing creams and lo-
tions?

A publication by Nole et al. in 1994 described a new method for visual
evaluation of facial “de-aging” and reported a significant improvement of skin
appearance after 3 months use of AHA moisturizing creams [57]. This study com-
pared the effects of 4 and 8% glycolic acid creams (pH 3.8) with an untreated
control group over the same period. Using a variety of evaluation methods, in-
cluding skin surface silicone replicas and a new clinical grading technique of
complexion mapping, the study demonstrated dramatic improvements in the skin
features associated with facial aging. There was a reduction in fine lines, wrin-
kles, enlarged pores, and uneven pigmentation and an improvement in skin tex-
ture and luminosity (radiance). The published results concentrated on the com-
plexion mapping method and 3 months data. By 6 months, the AHA effects were
more dramatic with good agreement between the subjective (complexion map-
ping) and objective (computer analysis of side-illuminated replica images) evalu-
ation methods. Figures 2a and b show the complexion mapping fine line and tex-
ture results for 4% glycolic acid cream, and Figure 2c shows the skin surface
replica results for the same time points.

A second clinical study of 8% glycolic acid, this time a double-blind com-
parison with the gelatin/glycine vehicle, was published by Morganti et al. in ear-
ly 1996 [58]. This was a 3-month half-face study with 60 women aged 45–60
years with facial photodamage. There was a statistically significant reduction of
fine wrinkles by the glycolic acid product after one month that was sustained
through the end of the 3-month treatment period to 1-month posttreatment. The
magnitude of fine wrinkle reduction in this study, 5–10%, is consistent with the
earlier study where treatment beyond 3 months was required to produce larger re-
ductions in skin signs associated with photodamage.

While the foregoing studies are good evidence for the clinical effectiveness
of glycolic acid, the definitive study demonstrating efficacy of topical AHA
creams was a double-blind, vehicle-controlled study done at the Massachusetts
General Hospital (MGH) and published in mid-1996 [16]. This study is the only
direct comparison of matched glycolic acid, lactic acid, and placebo products.
Both AHAs were at 8% concentration, pH 3.8, in oil-in-water emulsion base. The
base served as the vehicle (placebo) control. The creams were applied twice daily
to the face and forearms using a balanced design that allowed for paired compar-
ison of glycolic acid, lactic acid, and placebo creams on the forearms. It is inter-
esting and maybe surprising that lactic acid cream proved at least as effective as
the glycolic acid cream in this study. Both AHA products were statistically more
effective than the placebo for reducing the severity of photodamage and sallow-
ness. There were no significant differences between the glycolic and lactic acid
creams. However, the lactic acid cream seemed to have a slight edge over glycol-
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ic acid cream for both clinical and subject self-assessed improvement from base-
line photodamage.

These studies leave no doubt that AHAs (glycolic and lactic acids) formu-
lated as cosmetic products are effective for reducing the visible signs of aging.
However, there are no dose-response studies to establish a minimum effective
dose of AHA. The concentration of ingredients in cosmetic products is not de-
clared on the label and there is little doubt that some, perhaps many, of the hun-
dreds of AHA creams and lotions that have come to market since 1992 contained
levels of AHA too low to provide any specific AHA benefit. These products could
be expected to provide conventional skin moisturizing benefits (soft, smooth,
healthy-looking skin) from the conventional moisturizing ingredients (oils,
humectants, occlusives) typically used in face creams and lotions.

Other studies have been done using indirect measures that shed light on the
question of threshold concentration for AHA effectiveness. One commonly used
endpoint is “cell renewal,” or stratum corneum turnover time measured by the
dansyl chloride method. This method uses a 24-hr occlusive patch of protein-
binding fluorescent dye (dansyl chloride) to stain the full depth of the stratum
corneum. The number of days for the stain to disappear is measured. Results for a

FIGURE 2A Reduction of facial fine lines in a 24-week clinical study compar-
ing twice daily application of face cream containing 4% glycolic acid, pH 3.8,
with a control group of women continuing to use their usual facial moisturiz-
ing products. Fine lines were assessed by visual grading using the complex-
ion mapping method.
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FIGURE 2B Reduction of facial texture (graininess and pores) in the same 24-
week clinical study as Fig. 2a. Graininess and enlarged pores were assessed
by visual grading using the complexion mapping method. These two fea-
tures are the main contributors to texture, a parameter that is not assessed
separately in complexion mapping. The mean values of the combined scores
for graininess and enlarged pores are plotted. 

series of previously unpublished studies examining a range of glycolic acid con-
centrations in a moisturizing cream base at pH 3.8 are shown in Figure 3. Using
this test method as an indicator of AHA specific activity, there is a rapid fall in ac-
tivity with decreasing concentration. Eight-percent (4% free acid) and 4% (2%
free acid) Glycolic acid are effective; 2% (1% free acid) may have a slight effect;
and 1% (0.5% free acid) has no effect beyond that seen with the cream base.

Using 50:50 hydroalcoholic solutions of acids, Smith observed somewhat
greater increases in cell renewal values but a similar pattern related to pH [59,60].
Four percent solutions of lactic acid and glycolic acid at pH 3 (equivalent to 3.5%
free acid) increased cell renewal by 35%, whereas at pH 5 (equivalent to 0.25%
free acid) the increase was 25%, and at pH 7 (no free acid) the increase was
10–13%. Part of the response in these studies may have been due to a degree of ir-
ritation reported for the pH 3 and 5 solutions. Smith examined other acids at these
pH values and showed that salicylic acid, trichloracetic acid, and acetic acid all
increased cell renewal in the same order as glycolic and lactic acids, whereas
pyruvic and citric acid had much less effect. Smith also examined cell renewal af-
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FIGURE 2C Reduction of skin surface texture in the same 24-week clinical
study as Fig. 2a, assessed by skin replica method. Silicone replicas (1 cm2)
were made of the skin surface in four regions of the face (cheeks, eye crows
feet, chin, and forehead) of each subject at each evaluation. Replicas were
side illuminated and imaged from above using a Nikon D1 digital camera
linked directly to a Pentium III processor loaded with Optima image analysis
software. The gray scale variance of digital images is a measure of surface
roughness. A reduction in variance corresponds to a decrease in surface
roughness. Results are the group mean values of replica variance at each
evaluation time. This method of replica analysis correlates well with results
obtained by laser profilometery. 
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ter 10 weeks and 20 weeks of daily application of AHAs and found a progressive
decline from initial cell renewal values, suggesting a skin accommodation re-
sponse.

In another previously unpublished study, the dansyl chloride method was
also used to compare glycolic acid and salicylic acid products representing the
higher strengths readily available to the consumer. The marketplace standard for
the “strongest” cosmetic AHA product is 8% glycolic acid at pH 3.8. Beta-hy-
droxyacid anti-aging creams contained 2% salicylic acid at pH 2.9 when first
marketed, although this was subsequently reduced to 1.5%. In a direct compari-
son using the dansyl chloride method, the 8% AHA glycolic acid product was sig-
nificantly more active than the 2% BHA salicylic acid product (Figure 4).

Although interpretation of the dansyl chloride test is somewhat controver-
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FIGURE 3 Change in stratum corneum turnover time (cell renewal) induced
by glycolic acid (pH 3.8) creams of different strength applied to the upper
arm. Results are the percentage increase in turnover time compared to un-
treated skin (measured by dansyl chloride staining method).

sial, the method will usually measure the replacement time of the stratum
corneum, and this is a measure of epidermal turnover. The faster the stratum
corneum is renewed from below, the quicker it will shed from the surface. The
controversy arises because substances or procedures that remove superficial lay-
ers of the stratum corneum, including keratolytics, exfoliants, and acid peels, also
accelerate the disappearance of dansyl chloride stain. This issue is not resolved in
the literature. There are no studies that define the threshold conditions [amount,
concentration, pH, frequency, and duration of contact, vehicle, skin condition
(dry, hyperkeratotic, moisturized)] for AHAs to act as exfoliants or not. But the
impression created by articles in the popular press, particularly women’s maga-
zines and cosmetic trade publications, that all AHA products exfoliate all skin un-
der any conditions, is not rational and not supported by the scientific literature.
Since other studies [61] have shown no reduction in stratum corneum cell layers
by 8 and 4% glycolic acid creams (pH 3.8) similar to those tested here, the results
presented in Figures 3 and 4 are interpreted as changes in epidermal turnover. It is
of interest that the moisturizing base induces a significant increase in turnover—
this is a consistent finding in dansyl chloride tests.

9 CHEMICAL PEELS

Although acid peels done in a dermatologist’s office may not seem relevant to the
use of AHAs in cosmetic moisturizing products, an awareness of peel procedures
and results is needed to navigate the literature pertaining to skin effects of AHAs.
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FIGURE 4 Increase in stratum corneum turnover time (cell renewal) induced
by AHA cosmetic skin cream (8% glycolic acid, pH 3.8) and salicylic acid cos-
metic skin cream (2% salicylic acid, pH 2.9). Test done as a paired compari-
son (left arm versus right arm) on a panel of 25 women. Results are the per-
centage increase in turnover time for each cream compared to untreated skin
on the same arm (measured by dansyl chloride staining method).

In the last 10 years glycolic acid, used as a 70% acid solution or partially neutral-
ized, has emerged as a preferred acid for chemical peels [62]. Lower concentra-
tions (15–25% particularly neutralized) have become popular for “light peels” by
estheticians in beauty salons and spas. Therefore, there are different levels of use,
action, and effect for AHAs from the strongest peels through light peels and cos-
metic exfoliation to simple moisturization (hydration of dry skin promotes
desquamation). The AHA literature in all its forms (scientific, medical, trade jour-
nals, consumer magazines, and newspapers) covers this entire spectrum of use,
but does not always make a clear distinction between the different levels when
describing results and discussing mechanisms.

Chemical peeling is a procedure that has been used for many years by der-
matologists to improve the condition of aged and photodamaged facial skin [63].
Related dermatological procedures are dermabrasion [64] and more recently laser
resurfacing [65]. In all these procedures, damage to the epidermis (epidermolysis
or tissue ablation) promotes a repair response that produces a renewed epidermis
and stratum corneum. Laser resurfacing can be targeted to the underlying dermal
tissues and, appropriately controlled, can provoke regeneration of collagen,
elastin, and other structural elements of the dermis. The de-aging effects of lasers
can be truly dramatic [66]. Chemical peels and dermabrasion can also produce
very satisfactory cosmetic results. Medical skill and experience is required to
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control the skin contact time of concentrated glycolic acid during peels. The light
peels done by estheticians also involve timed application of glycolic acid to the
skin followed by a neutralizing rinse, but there is much less risk with the lower
AHA concentrations used for light peels. It seems plausible that chemical peels
with glycolic acid provide some element of the AHA benefit seen at nondamag-
ing, nonirritating cosmetic concentrations and pH. However, it is less clear, and
arguably unlikely, that any of the benefit of cosmetic concentrations of glycolic
acid is due to an element of acid damage. But so far there have been no controlled
studies to investigate these relationships. Because peel procedures and cosmetic
products work in their individual fields of application, there has been no impera-
tive to investigate the relationship of mechanisms involved, even though it has
become a common practice to combine the two procedures [67].

10 OTHER BENEFITS OF AHA

Alpha-hydroxyacids are used in skin moisturizer products primarily for moistur-
ization and skin anti-aging benefits, but as indicated these compounds have a
broader range of beneficial effects for skin. Most anti-aging products for the face
use glycolic acid and most hand and body moisturizer products use lactic acid.
This is probably a reflection of cost. The raw material cost of glycolic acid is
about four times that of lactic acid. Face care products sell at higher prices than
hand and body products, and therefore glycolic acid is “affordable” for face prod-
ucts but too expensive for mass-market general use/hand and body products.
There are other AHAs and, after the first flush of glycolic acid anti-aging creams
and lotions, products containing combinations of glycolic and other AHAs ap-
peared in the marketplace. As there is no convincing evidence for a significant
performance advantage for the combinations it can be assumed that the main pur-
pose was marketing-driven product differentiation in a crowded marketplace. Al-
though there have been no head-to-head studies to compare AHA combinations
with glycolic acid or lactic acid at equivalent acid strength, there are claims that
combination products are effective for both control of dry skin and improvement
of photodamaged skin (anti-aging). The Van Scott group showed that a blend of
AHA and polyhydroxy acids (PHAs) was effective for improving the symptoms
of xerosis, epidermolytic hyperkeratosis, and ichthyosis [68]. Another publication
from Van Scott is useful for identifying and characterizing the broader range of
AHAs and their effects on skin [14].

There are several publications indicating AHAs, and glycolic acid in partic-
ular, are helpful for treating acne. It may be used at high concentration (70%) as a
chemical peel or daily at cosmetic strength (5–10%) where it acts to reduce cohe-
sion of follicular corneocytes, helping to dislodge comedones and prevent their
formation [37]. Glycolic acid is a less effective treatment for acne than tretinoin



342 Johnson

and acts by a different mechanism, but the combination of glycolic acid and
tretinoin is more effective than either agent alone [69–71]. Alternative combina-
tion treatments using light glycolic acid peels (20–35%), daily 15% glycolic acid
gel, and 4% gluconolactone cleanser, alone or in addition to prescription medica-
tions, have proved effective for dealing with recalcitrant papulopustular acne
[72]. A similar mixed regimen was effective for treating rosacea, a common
chronic inflammatory disorder of the face characterized by erythema and telang-
iectasia that is often accompanied by outbreaks of acnelike papules and pustules
[73].

Cosmetic strength glycolic acid (8%, pH 4) is very effective for another fol-
licular skin problem, razor bumps or pseudofolliculitis barbae (PFB), a foreign
body inflammatory reaction to ingrown facial hair. The condition arises when
shaved hairs curl and penetrate the skin near the follicle opening as they grow
back after shaving. The problem afflicts over 50% of black males and a high pro-
portion of black females who need to shave around the jaw line. Two weeks use
of 8% glycolic acid cream reduces the number of papules and pustules by more
than half, and continuous treatment usually provides satisfactory control of the
problem [34].

Some types of sun-induced age spots, seborrheic keratoses, and actinic ker-
atoses involve a dysfunction of normal epidermal differentiation and maturation,
whereas others, the solar lentigines, reflect proliferation and hyperactivity of
melanocytes. These lesions can be removed using peel concentrations of AHA,
but daily application of cosmetic strength AHA is also effective and usually pre-
ferred [53]. In keeping with the ability of AHAs to correct abnormal keratiniza-
tion, AHAs are more effective for reducing/eliminating keratoses than lentigines.
A combination of glycolic acid with hydroquinone or kojic acid has been report-
ed more effective than hydroquinone or kojic acid alone for treating melasma and
other hyperpigmentation conditions [74]. It seems clear that AHAs do have the
ability to reduce skin hyperpigmentation. However, as described subsequently,
AHAs also cause a small increase in skin photosensitivity, which could be ex-
pected to promote pigmentation (tanning). A recent publication by Tsai and
Maibach confirms that AHA (10% glycolic acid, pH 3.5) does promote UVB-in-
duced skin tanning [75]. In this 3-week study, glycolic acid had no effect (did not
reduce) pre-existing tan.

Although contrary to the several sunburn studies considered for the CIR re-
view, there is a 1996 report that topical glycolic acid is photoprotective and exerts
an anti-inflammatory action [76]. The anti-inflammatory conclusion is based on
the finding that skin sites irradiated with 3 times the minimal erythemal dose
showed a marked reduction in erythema when treated postirradiation with 12%
ammonium lactate at pH 4.2. The photoprotective conclusion is based on finding
an attenuation of UVB effect equivalent to SPF 2–4 on skin sites treated daily for
3 weeks with an AHA cleanser and AHA lotion both containing 8% glycolic acid
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at pH 3.25. Similar results were obtained in an earlier study by the same author
[77].

11 SKIN COMPATIBILITY OF AHAS

There has never been any real concern about the skin compatibility of AHA prod-
ucts sold as dry skin moisturizers since the early 1970s. But when AHAs were first
introduced in facial moisturizers in 1992 there were complaints of irritation that
fueled a controversy that still continues. The reality is that AHAs induce sensory
irritation (chemosensory irritability) in susceptible individuals [78]. Alpha-hy-
droxyacid stinging is a transient effect usually with no clinical signs of irritation,
although a mild transient erythema may appear in unusually susceptible individu-
als. The effect is related to the susceptibility of the individual and the strength of
the AHA. Some consumers regard a slight stinging as a positive sign. Those with
sensitive skin often reject AHA products. Prior to the appearance of AHAs in facial
products, cosmetic moisturizers were almost universally bland emollient prepara-
tions that helped to hydrate dry superficial regions of the stratum corneum. Con-
sumers using AHA products for the first time and experiencing burning and sting-
ing sensations were concerned. This was outside their normal experience and
expectation. Some consumers assumed there was something wrong with the prod-
ucts. The lack of familiarity with AHA products coupled with a strong desire to try
the products because of the anti-wrinkle benefits promised, encouraged wide-
spread trial by consumers and an associated burst of complaints. This caught the
attention of the media and became the issue of the week for investigative journal-
ists for the next several months. Alpha-hydroxyacids were so new that factual in-
formation was hard to find and anecdotal comments and opinions became the cur-
rency of the day. Nearly a decade later, AHAs are far more widespread and popular
than ever before. The stinging issue is recognized. There has been much work by
the cosmetic industry to develop products that retain the benefits of AHAs without
the sensory irritation, but so far with only modest success [79,80].

Good skin compatibility and absence of irritation is a consistent observa-
tion in all the clinical studies of cosmetic strength AHAs referenced in this chap-
ter. Indeed, some of the studies with facial peel strength AHAs show no irritation
on forearm and body parts less sensitive than the face. In Ditre’s study, subjects
were able to apply lotions containing 25% glycolic, lactic, and citric acid at pH
3.5 (17% free acid) to the forearm twice daily for 6 months. There was no irrita-
tion but a most dramatic improvement in the condition of the photodamaged arm
skin [36]. Results of a 14-day cumulative irritation test by DiNardo provide an-
other indication that AHAs are not primary irritants at pH values +/–0.5 pH units
of the pKa value [81]. In this study, 12% ammonium lactate, pH 4.4, demonstrat-
ed an irritation score of 30 out of a possible 882 points (cumulative over 14 days).
Eight percent glycolic acid, pH 4.4, demonstrated a score of 1 out of 882 points.
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12 MECHANISMS OF ACTION

It will be clear from this discussion that AHAs have multiple effects on skin re-
lated to pH and concentration. It might be imagined that the popularity of AHAs
for both everyday and medical skin care would have stimulated intensive research
to understand the biochemical and physiological mechanisms of AHA action. In
fact the few serious scientific studies that have been done have focused mostly on
the end benefits of AHAs: what they do, much more than how they do it. As indi-
cated, the published research on AHAs has significant limitations, as follows:

1. A majority of publications do not state the pH of the preparations ex-
amined.

2. Publications that discuss mechanisms, particularly general articles and
reviews, tend not to make a distinction between cosmetic and dermato-
logical (chemical peel) levels of action/effect.

3. Many publications that discuss AHA mechanisms simply reiterate the
1974 suggestions of Van Scott and Yu, which these authors recognized
as speculative at the time they made them.

Histological studies show that AHAs, unlike keratolytics that eliminate cor-
neocytes from the skin surface inward, diminish corneocyte adhesion in the low-
er layers of the stratum corneum (stratum compactum). Van Scott and Yu specu-
lated that this effect was due to AHA interference with intercorneocyte ionic
bonding by inhibiting enzymes that add phosphate and sulfate groups to the cor-
neocyte envelope [33]. A study by Ditre [36] provided indirect evidence that the
AHA effect might be due to modification of desmosomal (protein) links between
corneocytes. After 6 months of daily application to the forearm of 25% AHA (gly-
colic, lactic, or citric acid, all at pH 3.5), electron microscopic examination of the
epidermis revealed fewer desmosomes connecting basal cells in skin sections
from AHA-treated sites than from placebo-treated control sites. A more recent
study by Fartasch et al. [82] applying glycolic acid cream (4%, pH 3.8) to the
volar forearm twice daily for 3 weeks provides a somewhat different picture. In
this study, electron microscopic examination of the stratum corneum revealed no
changes or indications of reduced cohesion in the stratum compactum. In the
more superficial layers of the stratum corneum (stratum disjunctum), where
desmosome degradation is initiated as part of the normal process of desquama-
tion, there was enhanced degradation of desmosomes (corneosomes) in AHA-
treated sites compared to control sites. Also, in contrast to the Ditre study, there
was no change detected in the epidermis. Comparing the Ditre and Fartasch re-
sults, it appears that AHAs may exert actions at different levels of the stratum
corneum depending on the strength of AHA applied to skin. The strength used by
Fartasch is a cosmetic strength that is effective. The strength used by Ditre, al-
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though apparently not irritating when applied daily to the forearm for several
months, is a much higher concentration than used in cosmetic products.

Research in the 1990s revealed some of the biochemical mechanisms in-
volved in cellular adhesions and degradation of these adhesions during desqua-
mation [83,84]. At points of adhesion, including desmosomes, cells are connect-
ed by transmembrane proteins called cadherins. Calcium bound to cadherins
protects the structures from enzymic proteolysis. Combining these insights with
clinical and experimental data published for AHAs, Wang proposed “a theory for
the mechanism of action of AHAs applied to the skin” [85]. The essence of this
theory is that AHAs remove calcium from cadherins by chelation, resulting in
proteolysis and enhanced desquamation. Wang also suggested that lowering epi-
dermal calcium levels promotes cell proliferation and retards differentiation of
keratinocytes. Wang’s theory appears to be a possible explanation for effects of
AHAs on the stratum corneum, but it does not explain the specific enhancement
of corneocyte adhesion by alpha-acetoxyacids acids [86]. Nor does it explain the
metabolic effects of AHAs, such as the sparing effect on steroid-induced cuta-
neous atrophy [49], increased epidermal ceramide synthesis [52], increased trans-
glutaminase expression in dermal dendrocytes [87], increased dermal and epider-
mal hyaluronic acid [88], and increased collagen deposition in the papillary
dermis [81]. Like any theory, Wang’s proposed mechanism of AHA action must
be put to the test by appropriate experimentation, particularly as the theory relies
in part on calcium-induced changes observed using in vitro systems.

The diversity of metabolic changes induced by AHAs could reflect multiple
mechanisms of action or, as most would argue, an effect on a fundamental cellu-
lar target that initiates a procession of consequential actions and reactions. It is es-
tablished that perturbation of the stratum corneum barrier produces a cascade of
stimulatory and inhibitory cytokines [89] that would be expected to migrate to the
epidermis and dermis and exert a host of effects, either directly or by impacting
other cell regulatory pathways. Is cytokine activation and release the mechanism
of the AHA effect on skin? I don’t know and the literature to date (2001) does not
provide the answer.

13 AHA SAFETY: THE COSMETIC 
INGREDIENT REVIEW

Because of escalating use of AHAs in cosmetic skin care products in the early
1990s and the U.S. Food and Drug Administration (FDA) concern to ensure con-
sumer safety was thoroughly evaluated, the Cosmetics, Toiletries and Fragrance
Association (CTFA) asked the Cosmetic Ingredient Review to review AHAs,
principally glycolic and lactic acids, their salts, and simple esters. The CIR is a
comprehensive program for independent review of the safety of cosmetic ingre-
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dients in the United States. Although CIR is supported by industry funding it is
staffed and operated independently. All decisions regarding safety of cosmetic
ingredients are made by the CIR Expert Panel, a panel composed of seven phy-
sicians and scientists with expertise in dermatology, toxicology, pathology,
carcinogenicity, and biochemistry. In addition, there are three nonvoting mem-
bers of the CIR panel representing industry (CTFA), consumers (the Consum-
er Federation of America), and government (FDA Office of Cosmetics and
Colors).

The CIR compiled a scientific literature review of published data on AHAs
plus unpublished industry data made available to CIR via CTFA. There were over
350 studies covering all aspects of safety of glycolic acid and lactic acid [90]. The
CIR Expert Panel discussed the safety data and their particular areas of concern at
CIR public meetings in 1995 and again in 1996. The CIR acknowledged that in
most respects there were no concerns about the safety of AHAs [91]. There was
much data from which to conclude that AHAs are not mutagenic or carcinogenic,
are not reproductive or developmental toxins, and are not skin sensitizers. The
areas CIR identified for particular consideration were (1) the irritation potential 
of AHAs and (2) the exfoliating effect of AHAs that could potentially enhance
penetration of other ingredients and/or increase the sensitivity of skin to solar
UVR.

With respect to irritation, the CIR Expert Panel concluded that there were
data indicating acceptable limits for concentration/pH of AHAs for leave-on skin
products. The panel also concluded that there were studies indicating no need for
concern about use of AHA enhancing the penetration of other chemicals. They
noted that AHAs themselves do penetrate skin readily, but because of low sys-
temic toxicity this was not a concern. However, the expert panel stated that the
evidence did point to a small and variable increase in sun sensitivity after use of
AHA products. They noted that there were studies providing contradictory evi-
dence on the effect of AHA on minimal erythemal dose. One study suggested
MED was increased (reduced UV sensitivity) after use of AHAs, but a second
study showed a reduction in UVR dose required to produce skin reddening. The
average reduction in MED (increased UV sensitivity) was 13%, but some indi-
viduals showed greater than 50% reduction. Additional studies were carried out
using sunburn cell (SBC) production as the endpoint for indicating UVR penetra-
tion of skin. After 4 days of application of standard AHA preparation (10% gly-
colic acid at pH 3.5) there was no significant increase in SBC production follow-
ing UVR challenge. However, after 12 weeks of AHA treatment there was a small
but significant increase in SBC formation after UVR challenge. The increase in
number of SBCs after a 12-week AHA pretreatment was equivalent to increasing
UV exposure of untreated skin by the equivalent of 1.6 MED. Therefore, addition
of a sunscreen with an SPF 2 to an AHA product containing 10% glycolic acid at
pH 3.5 would be sufficient to eliminate the AHA-induced increase in UVR sensi-
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tivity. In fact, the most widely available commercial AHA products have a con-
centration of 8% glycolic acid and a pH of 3.8. This product strength provides
less than half the free acid contained in the standard AHA preparation used in the
SBC studies (approximately 4% free acid for 8% glycolic acid, pH 3.8, compared
to 8.7% free acid for 10% glycolic acid, pH 3.5). The 1996 recommendations of
the CIR Expert Panel were based on the SBC results showing a relatively small
AHA-induced increase in sun sensitivity that could be eliminated by addition of
low SPF to AHA creams and lotions. The Expert Panel concluded that AHAs are
safe for use in cosmetic products at concentrations equal or less than 10%, at a fi-
nal formulation pH equal to or greater than 3.5, when formulated to avoid in-
creasing sun sensitivity or when directions for use include the daily use of sun
protection. A recent publication [61] confirms that commercial AHA products (8
and 4% glycolic acid at pH 3.8) containing SPF 4 sunscreen do not increase sun
sensitivity over 6 months of twice daily application to forearms. More recent
studies by the FDA add further support for the 1996 CIR recommendation. The
FDA did additional studies to examine AHA effect on the sensitivity of skin to
UVR, using MED, SBCs, and thiamine dimer formation as endpoints for indicat-
ing UVR penetration of skin [92]. The first study used a 10%, pH 3.5, glycolic
acid solution applied 6 days per week for 4 weeks followed by UVR challenge,
and a second UVR challenge 1 week after the last AHA application. Results indi-
cated a small AHA-induced reduction in MED and small increase in SBC forma-
tion after 4 weeks of treatment. One week after AHA treatment was stopped,
AHA-induced changes were no longer evident. In a second study, there was no
significant increase in thiamine dimer formation after 4 weeks treatment with the
same AHA solution. The CIR Expert Panel reviewed the FDA results and report-
ed at the February 2000 CIR meeting their conclusion that the new results sup-
ported the 1996 panel conclusion [93].

14 FUTURE TRENDS

Research over 30 years has revealed that AHAs, most particularly lactic acid and
glycolic acid, have many mostly beneficial actions on skin. The mechanisms of
action are less clear. Explanations for some actions are more a statement of effect
on a process (e.g., AHAs reduce corneocyte adhesion) than true mechanistic de-
scriptions of the physiological, biochemical, and molecular biological causes for
the observed effects. In the future, with accelerating advances in diagnostic and
analytical techniques, such as DNA arrays to probe subtle changes in gene ex-
pression and cellular biochemistry, we can expect the actual mechanisms of AHA
effects on skin will be worked out. It seems unlikely that the future will see dis-
coveries of major new effects of AHAs on skin. Instead, clarification of mecha-
nisms of action should enable more effective targeting and optimal use of AHAs
for the indications of skin benefit already identified.
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To the trees from the Salix and Spiraea spp, for so many vanished pains . . .

1 INTRODUCTION

From the bark of trees to the human stratum corneum, salicylic acid (SA) has fol-
lowed a unique, now legendary, trajectory. Early and pragmatically recognized by
dermatological masters as a valuable help in disorders of hyperkeratinization, SA
progressively became a standard. As a russian doll, from therapy to research, SA
offered successive and intricate developments, being both a therapeutic agent and
a tool of research as well. More recently, since it is well tolerated by the human
skin, SA logically entered the cosmetic field as a major skin care agent. The ra-
tionale of its introduction in this application, with other molecules such as α-hy-
droxyacids (AHAs), retinoic acid, etc., is mostly grounded in their so-called ker-
atolytic action, a property that leads to skin softening which, in turn, improve the
aspect (hue, color) of the consumer’s skin.

Within this domain, new and recent findings have shown that by itself and
as a mother molecule SA still shows promise with regard to its derived products.

The aim of this chapter is, through its properties and those of one of its de-
rivatives, to illustrate how such an ancient product may be “self-rejuvenating.”
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FIGURE 1 Chemical structure of salicylic acid.

2 SALICYLIC ACID—FROM TRADITION 
TO RATIONALE

From the most ancient human memories, the willow tree (Salix spp.) has brought
a precious offering to both human and animal well being [1]. The salicylate-rich
extract from the bark, later shown to contain salicin and salicylic acid, was as ear-
ly as 1763 recognized to be efficient as both an antipyretic and pain reliever in
various forms of rheumatic diseases [2–4]. Later on, the adverse side effects of
SA (irritation of mucosa, gastrointestinal intolerance, etc.) were partly encom-
passed by acetylation of the hydroxyl group (OH), leading to the fascinating saga
of Aspirin® [5,6], commercialized in 1899, as science, politics, World War I, and
commercial conflicts admixed.

Although aspirin, a century old product, has proven anti-inflammatory
properties (inhibition of prostaglandin synthesis) [7], its interest as a prophylactic
drug in thrombosis and myocardial infarction has been emerging during the last
decades. This old multifaceted compound likely deserves its designation as a mir-
acle drug [6], although, ironically enough, if present standards of toxicological
safety were applied, its development would definitely be banned.

Chemically, SA is 2-hydroxybenzoic acid and may possibly be viewed as a
β-hydroxyacid, (Fig. 1), although such denomination does not strictly apply to
cyclic radicals such as its benzene ring:

With regard to skin, the rationale for its topical use, back to the early 20th
century, is sparsely documented. It is reasonable to assume that it arose from two
main factors:

1. Reported to have antibacterial activities, it was commercialised, too, as
food preservative. In those times, the crucial need for skin disinfectants
was obvious, and its topical use as a phenol alternative dates back to
1874 [8].

2. Its well-known (and early detected) side effects on oral mucosa likely
induced some to see SA as a potential help in hyperkeratotic disorders
(ichthyosis, pityriasis, etc.) and later to dyskeratinization disorders,
such as acne, where its early use originated in the 1950s.
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2.1 Dermatological and Cosmetical Properties

For decades, SA has certainly been one of the most commonly used compounds
among both dermatological and cosmetical arsenals. A 1975 review [9] conferred
to topical SA a mosaic of actions according to dosages (0.3 to 5% and above), i.e.,
germistatic, acidogenic, photoprotective, anti-eczematous, and the so-called ker-
atolytic effect. Presently, both scientific works and routine practice have, in fact,
largely focused interest on the latter action [10–13] for three main reasons:

1. The first four actions were of a very modest amplitude as compared to
other candidates (true germicides, powerful sunscreens, etc.).

2. Clinically, its progressive (and empirical) use in common hyperkera-
totic conditions showed clear benefits, coupled with an acceptable tol-
erance.

3. The intense development of bioengineering methods during the last
three decades allowed a precise quantification of its “keratolytic” prop-
erty when applied to skin. Salicylic acid rapidly became, too, an im-
portant tool for researchers involved in exfoliative cytology or trans-
cutaneous penetration studies [14,15].

It is now a common statement that keratolytic and derived effects are unjustified.
Neither SA nor AHA lead to breakage of keratin chains as this invented term sug-
gested [16].

In fact, SA appears to be a clear disrupter agent of the horny cell junctions.
Desmosome or Corneodesmosome attachments between adjacent cells mostly
ensure the latter, maintaining stratum corneum cohesion. These cellular “snap
fasteners” of glycoprotein structures are progressively degraded through (endo-
genic) enzymatic attacks, leading to a loosening of the cell junctions and conse-
quent monocellular desquamation, in the normal situation. Our group has recent-
ly shown that desmosomes-like organizations are the precise privileged sites of
action of SA, leading to their degradation [17]. As suggested, “desmolysis”
would be a much better term for such action.

In hyperkeratotic conditions (xerosis, acne, warts), where the SC appears
thick, cracking, fluffy, or badly organized, topical SA restores within a few weeks
a normalized and thinner horny organization [18,19]. This action is coupled to the
following criteria:

Form. Salicylic acid is sparingly hydrosoluble. It is, most of the time, intro-
duced in lipophilic ointments or alcoholic lotions. In most cases, SA is
introduced as a free form, i.e., at a spontaneous acid pH, the free states
of both OH and COOH groups seemingly a prerequisite for desmolytic
action.

Dose dependence. Desmolysis is dose dependent, ranging from 2 to 3% in
the minor cases of xerosis, to 17% (coupled to lactic acid) for wart treat-
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ment [20]. Above that (50%), it has been shown to exert a peeling effect
of the hands, helping to treat actinic damage and pigmented lesions [21].

Specificity. Topical SA which penetrates the SC modifies its properties and
acts as plasticizer [22,23] It may cause irritation in a dose-related man-
ner. However, according to the vehicle, daily applications of 2 to 3% SA
appear safe, well tolerated, and rarely irritating [24]. Desmolysis seems
directly induced by the presence of SA within the SC, rather than by an
indirect action onto the living (basal) epidermis. Previous studies deal-
ing with its effect on epidermopoeisis are conflicting [16,25,26].

It is only recently that one study [27] has shed new light on a possible mois-
turizing action of SA. As compared to “classic” references of SC hydrating com-
pounds, SA leads to an appreciable amplitude of moisturizing effect, although the
latter seems reached at high concentration (10%) of SA. This work was, however,
carried out on the skin of miniature swines. It remains uncertain whether SA per
se directly acts as a moisturizing agent on human skin. In fact, such effect if real-
ly proven might well be a secondary event following the SA-induced normaliza-
tion of the SC barrier.

3 SA DERIVATIVES

Studies from our group dealing with lipophilic derivatives of SA led us to select
the C8 derivative (herein referred to as LSA), among many, as the best candidate
in terms of both keratolytic and microbiological effects (Fig. 2). The screening
procedures were the following:

Keratolysis. This property was assessed in vivo in man through trans-epi-
dermal water loss (TEWL) since it clearly increases following repeated
topical applications of SA [28]. When used to record the effects of SA
derivatives of varying chain lengths, TEWL variation with baseline pro-

FIGURE 2 Chemical structure of LSA (n-octanoyl-5 salicylic acid).
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gressively increases with increasing length (from C4 to C8), peaks at
C8, and declines afterward. As compared to SA, LSA leads to compara-
ble variation in TEWL for a reduced concentration (w/w), about three
times lower than that of SA [26]. Expressed as molar ratios, this in-
creased activity is even more in favor of LSA since it has a much higher
molecular weight (264 versus 138). According to these expressions,
LSA therefore shows for a “keratolytic” property an intrinsic potency of
three to six times that of SA.

Microbiological data. MIC’s of the various derivatives on different strains
of the resident human skin flora appear lower with longer chains (C8,
C10, and above) as compared to shorter ones (C2, C4, and C6) [29].
Based on such in vitro findings, a better efficacy is therefore given priv-
ilege to chains greater than C8.

These two citeria, coupled to safety data profiles, led us to investigate further the
cosmetological interest of LSA, by comparing it to previously well-recognized
keratolytic agents such as SA, glycolic acid (GA), lactic acid (LA), and retinoic
acid (RA).

3.1 Comparative Effects of the Keratolytic
Compounds on Human Epidermis

3.1.1 Effects on Stratum Corneum in Vitro

Samples from either strippings or biopsies from healthy human volunteers were
submitted to the actions of LSA (1 and 5%), LA, and SA (3 and 15%), all intro-
duced in the same propylene glycol vehicle and further processed by transmission
electronic microscopy (TEM) coupled to freeze fracture (FF) according to classi-
cal technical procedures [17].

The results clearly show that corneodesmosomes (CDs) are the main targets
of these three agents. Keratin filaments remain intact in all samples.

However, some differences between the respective effects of these com-
pounds may be outlined. Salicylic and lactic acid seem to act uniformly into the
overall thickness of the stratum corneum, whereas LSA appears to limit its action
to the superior third, a location of the SC where corneodesmosomes have previ-
ously been modified/degraded by proteolytic enzymes. The nature of the modifi-
cations of the CDs seems different, too; LSA appears to act on their whole struc-
ture, completely detaching them from one full side, while LA and SA seem to
fractionate these CDs. With regard to SA, the glycoproteins, which cross the
membrane, appear strongly denatured. These changes are illustrated in Figs. 3
and 4.

According to the authors of these works, the different modes of actions of
these agents are closely related to their intrinsic lipophilic property. The latter
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FIGURE 3 Corneosome degradation by SA. (A) The corneosomes are frag-
mented. When the plug detaches from one of the corneocytes, the opposite
lipid envelope is still visible (arrow heads). Biopsy—OsO4 fixation. Scale bar:
150 nm. (B) Freeze-fracture replica showing affected corneosomes in the
stratum compactum. The P fracture face of corneosomes appears as loosely
spaced particles. Protusions of plug fragments (black arrow heads) occur on
the P face of corneosomes. The direction of shadowing is shown by the
white arrow head. The bar represents 250 nm. (C) Like central corneosomes,
peripheral corneosomes are fragmented, some fragments remaining at-
tached to one corneocyte and others to the opposite corneocyte. Biopsy—
OsO4. Scale bar: 250 nm. (From Ref. 17.) 
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FIGURE 4 Corneosome rupture by LSA. (A) In the stratum compactum, the
corneocyte membranes are sinouos. The plane of fracture jumps from P to E
face in the same corneosome, suggesting slight altered fracture behavior of
the junctional areas. The direction of shadowing is shown by the white arrow
head. The bar represents 250 nm. (B) The plub has detached from the upper
corneocyte (asterisk). The corneocytes membranes are sinuous (arrows).
Biopsy—OsO4 fixation. Scale bar: 90 nm. (C) At the compactum/disjunctum
interface, fractured corneosomes display abnormal particle distribution, de-
lineating the corneosomes edge. The number of membrane-associated parti-
cles of corneosomes is clearly decreased. The direction of shadowing is
shown by the white arrow head. Scale bar 250nm. (D) Neqar the skin surface,
the peripheral corneosomes undergo a clean rupture (arrow) and remain at-
tached to one of the corneocytes (asterisk). Biopsy—OsO4 fixation. Scale
bar: 90 nm. (From Ref. 17.) 
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would, in turn, “orientate” their action either on the membrane (LSA) of the CDs
or on their proteins/glycoproteins for the least lipophilic agents (SA, LA).

3.1.2 Effects on Epidermal Renewal in Vivo

It has been shown that on human photoaged skin repeated topical applications of
retinoic acid lead to clear changes in the epidermal turnover, even for as short a
period as 4 weeks [23]. Following a similar protocol, Pierard et al. compared in
vivo on man the respective activities of SA (5%) and LSA (1.5%) versus RA
(0.025%) [30]. The study was carried out for 4 weeks in a double-blind proce-
dure, and the three agents were compared to their respective vehicles. On biop-
sies, automated histometry measurements, immunohistology allowed the record-
ing of changes in cell proliferation (Ki67), cell differentiation (K), and activity of
the papillary dermis as well.

The skin sites treated by vehicle and SA do not differ from a nontreated
control site in any aspect. However, both sites treated by RA and LSA revealed
significant increases in the thickness of the viable epidermis and its renewal rate.
In the papillary dermis, dendrocytes FXIII positive were shown significantly acti-
vated and of higher amplitude in the RA-treated site than that of the LSA.

Another study of a comparable methodology (double-blind, vehicle-con-
trolled) compared on three groups of human volunteers (eight per group) the ef-
fects of RA (0.05%), LSA (2%), and GA (10%, pH 3.5), each product being ap-
plied onto one forearm for two months, the other receiving the vehicle (common
to the three agents) alone [31].

In addition to standard histometric and immunohistologic measurements,
classical histology (H&E, Luna, Hale, Fontana–Masson, and PAS-Giemsa stains)
was undertaken.

This study, in conflict with previously published data, failed to detect any
modification brought by GA. This study confirms, however, the RA and LSA ef-
fects that were initially found in the Pierard study [23]. Additionally, classical his-
tology revealed a partial correction of epidermal atrophy, atypia, and dysplasia.
Again, this study noted higher amplitude of effect brought by RA than by LSA.

As far as melanins are concerned, both products show comparable activity;
the large and dense melanosome conglomerates present on the basal layer be-
come dispersed into small units.

These studies illustrate the effectiveness of this lipophilic derivative of SA
in the skin care of photoaged skins and its superiority vis a vis SA, LA, and GA in
these precise experimental conditions.

3.2 LSA-Treated Skin and Cosmetic Implications

The usual cosmetic concepts (skin smoothness, firmness, hue, glow) can hardly
be reduced to the measurements of one or two objective cutaneous parameters.
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FIGURE 5 Improvement of the skin after 1, 2, and 3 months of treatment with
an excipient containing 1% LSA. Assessment by the panelists and dermatol-
ogists.

The need to describe the overall effect of a given treatment requires either the
help of a well-trained clinician and/or comments by the consumer, who in fact is
the ultimate judge of the benefits brought to the skin by this treatment.

In a first experiment, an oil-in-water (O/W) emulsion containing 1% LSA
was given to 35 subjects [26]. They were asked to judge, each month, for a 
3-month period, the improvement of their facial skin through four predetermined
criteria: smoothness, suppleness, hydration, and fine wrinkles). A trained clini-
cian recorded his own appreciation during each monthly visit. Results given by
Fig. 5 illustrate the close agreement between the subjects and the clinician for
three of the four criteria under study. The discrepancy noticed in the fourth pa-
rameter (fine wrinkles) likely lies in the personal and subjective interpretation/
definition of fine wrinkle.
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FIGURE 6 Improvement of the skin of 80 volunteers after 6 months of treat-
ment. Half of the volunteers were treated with an excipient containing 5%
glycerol and the other half with the same excipient containing 1% LSA. 

In this study, skin smoothness, likely resulting from an induced descaling
effect, highly increased (more than twofold on a nonparametric range).

A second study was carried out with the same emulsion (containing 5%
glycerol and 1% LSA) and was compared to the vehicle alone (an emulsion con-
taining glycerol but without LSA) on two groups of 40 subjects each. They ap-
plied the products (active or vehicle) for a 6-month period. Results, shown in Fig.
6, illustrate for months 1,4, and 6 the significant improvements brought by LSA to
four cutaneous parameters (firmness, hue, glow, and smoothness). With regard to
dry skin, both treatments (active and vehicle) led to comparable improvement,
likely due to the common presence of 5% glycerol among the two preparations.

4 CONCLUSIONS

The so-called keratolytic agents bring an appreciable contribution to skin care.
They clearly improve the overall aspect of the skin and its smoothness as well,
probably by eliminating clusters of corneocytes resulting from slight dysfunction
in the desquamative process. As discussed, the main targets of these compounds
are, in fact, the corneodesmosomes that link adjacent horny cells and not on ker-
atin filaments as their name suggests.

Among this category of compounds, α-hydroxyacids, used in cosmetic/skin
care for years, should be distinguished from the salicylate family. The efficacy of
AHA to help with squama removal or epidermal renewal appears highly depen-
dent to their formulation (pH, concentration). Such does not seem to be the case
with salicylates, especially the C8 lipophilic derivative which combines both the
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effects of a slight boost of cell renewal and a dispersing of the basal melanin ag-
gregates, leading to a more uniform and clearer aspect to the skin. The results re-
viewed here highlight the LSA as a promising active agent for skin care where a
slight stimulation of the epidermal turnover is desirable.
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1 INTRODUCTION

Abnormal desquamation arises from an inability to effectively degrade the mo-
lecular components that provide cohesive force and thereby maintain tissue in-
tegrity. In such conditions corneocytes do not detach as single cells, but are shed
in large clusters forming visible scales. The degree of scaling varies from severe
in genetically determined disorders such as ichthyoses (which are also associated
with increased thickness of the stratum corneum) to “cosmetic” dry skin. The ap-
pearance of the latter form of dry skin is a common feature in the population and
is usually associated with extrinsic damage (e.g., surfactants, UV irradiation) and
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following seasonal changes in the weather (cold winter conditions with a low rel-
ative humidity). Dry skin associated with the steady decline into old age (senile
xerosis) reflects an increased susceptibility of the skin to extrinsic damage due to
a decreased intrinsic ability to respond to challenges from the environment.

Abnormal desmosomal retention [1] into the most superficial layers is a
characteristic of dry, flaky skin conditions. The inability to degrade desmosomes
may result from a number of changes within the corneum. The reduction of active
SCCE and possibly other desquamatory hydrolases, either through leaching out
from the stratum corneum [2,3] or insufficient conversion from pro-enzyme, may
contribute to the condition. In acute dryness this may reflect damage/inactivation
of the enzyme, especially if the condition is exacerbated by surfactant use. Alter-
ations to the extracellular environment surrounding the desmosomes (essentially
the organization/composition of the lipids) may influence the intrinsic ability of
the enzymes to work effectively. Ultimately, the alteration in stratum corneum
lipid organization will affect the levels of free water available to both hydrate the
desquamatory enzymes and to participate in their catalytic reactions. This will re-
sult in these water-requiring desquamatory enzymes having reduced activity in
the outermost layers of the stratum corneum [4].

Thus the water distribution and content of the stratum corneum, and the
interaction of SCCE and other enzymes with the lipid environment in the intra-
cellular space, have become targets for modulating desquamation in an effort to
improve the texture and appearance of skin. Figure 1 depicts the current under-
standing surrounding the formation of cosmetic dry skin. In normal skin, the de
novo production of keratinocytes at the basal layer is balanced by the loss of cells
at the surface of the skin due to desquamation. External factors such as surfac-
tants and low humidity environments lead to barrier damage and reduced water-
holding capacity, resulting in a loss of desquamatory enzyme activity and reten-
tion of desmosomes in the upper layers of the stratum corneum. The increased
cohesiveness of cells at the surface prevents the loss of single cells and results in
the formation of visible flakes.

Conventional treatment involves moisturization, which by attempting to
boost the water content of the stratum corneum aims to enhance desquamation.
Indeed, glycerol, a highly effective agent for treating xerotic skin, has been
shown to increase dsg1 hydrolysis resulting in increased cell dissociation, proba-
bly working by a combination of occlusivity, humectancy, and modulation of
lipid phase behavior [3,5,6]. Although moisturization is an effective treatment for
alleviating dry skin, there is room for improvement in the effiicacy of these
agents. Because one potential cause of the perturbation in the desquamation
process is a decrease in the activity of the protease SCCE, supplementation with
topically applied proteolytic enzymes therefore represents a novel potential treat-
ment for alleviation of xerotic skin scaling.
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FIGURE 1 Conceptual model describing the role of desmosome degradation
in dry skin formation. 

2 EFFICACY OF TOPICAL PROTEASES

2.1 Clinical Effect of Protease on Visual Scaling

The effect of topically applied protease on visual scaling has been assessed clini-
cally as described by El-Kadi et al. [7]. Briefly, subjects wash their lower legs for
20 s two times a day for one week. Enzyme is then applied and after a period of
time the enzyme is washed off, and the site is evaluated visually using a scale
ranging from zero (no dryness) to four (severe scaling and severe fissuring). Us-
ing this protocol, the ability of bovine pancreatic chymotrypsin to augment this
loss in proteolytic activity is demonstrated in Fig. 2. Occluded treatment of dry
skin with 0.5% (43 GU/mg, where a GU, or glycine unit, is the amount of enzyme
that at pH 8.0 and 50°C produces an amount of amino terminal groups from
acetylated casein equivalent to 1 µg/mL of glycine) of chymotrypsin resulted in a
rapid decrease in visual scaling within 3 hr. The effect of this treatment is shown
in Fig. 3. Visual scaling began to return after 24 hr, however, after 72 hr a signifi-
cant difference in the level of visual scaling observed relative to vehicle treatment
remained. Inactivation of the enzyme by heat prior to application resulted in no

Extrinsic factors:
Low RH
Surfactants

Occlusives
Humectants

•Intact barrier
•Active SCCE
•Completely degraded desmosomes
in upper stratum corneum
•Imperceptible loss of corneocytes

•Disrupted barrier
•Loss of SCCE activity
•Intact desmosomes retained in
upper stratum corneum
•Visible scales formed
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FIGURE 2 Effect of bovine pancreatic chymotrypsin on visual scaling after 3
hr occluded application. Vehicle (100µM Tris-HCl, pH 8, 5 µM Na2EDTA)
(square), 0.5% chymotrypsin (43 GU/mg) (diamond), heat inactivated chy-
motrypsin (star). *p < 0.05 for chymotrypsin versus vehicle and chymo-
trypsin versus inactivated enzyme. 

Hours postexposure

effect beyond that observed by the vehicle, indicating that the reduction in visual
scaling was due to proteolytic activity of the enzyme and was not due to a simple
emollient effect of the protein itself.

The effect of chymotrypsin is both time and dose dependent. A steady in-
crease in mean dryness reduction is observed as exposure time is increased from
30 to 180 min, suggesting that the enzyme is still catalytically active after this ex-
tended exposure time [7]. A dose-dependent effect is observed at both 0.1 and
0.5% chymotrypsin after 3 hr of occlusion (Fig. 4). The reduction in dryness
achieved with 0.1% chymotrypsin is reduced to the level of the vehicle after 24 hr
postexposure, while the reduction achieved with 0.5% is still evident at this time.

The ability to induce desquamation does not appear to be unique to chy-
motrypsin. Several enzymes from plant sources induce desquamation, although
due to their lower specific activity, significantly more enzyme is required than in
the case of chymotrypsin (Fig. 5). Some bacterial proteases are particularly effi-
cient at inducing desquamation [7]. Serine proteases derived from Bacillus
licheniformus sold commercially under the trade names Alcalase or Optimase
contain both endo- and exopeptidase activity. The enzymes have broad substrate
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FIGURE 3 Effect of bovine pancreatic chymotrypsin in 100 µM Tris-HCl, pH 8,
5 µM Na2EDTA after 3 hr occluded application. (A) Before treatment. (B) After
treatment.

A

B
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FIGURE 4 Effect of bovine pancreatic chymotrypsin on visual scaling after 3
hr occluded application. Vehicle (100 µM Tris-HCl, pH 8, 5 µM Na2EDTA) (tri-
angle), 0.01% chymotrypsin (1.1 GU/mg) (diamond), and 0.5% chymotrypsin
(59 GU/mg) (square). *p < 0.05 for chymotrypsin versus vehicle. 

Hour postexposure

FIGURE 5 Visual scaling reduction achieved using various plant derived pro-
teases under occluded application for 3 hr. All enzymes dosed at 5% by
weight. Vehicle (100 µM sodium acetate, pH 6, 5 µM Na2EDTA) (circle),
bromelain (diamond), ficin (square), papain (triangle). p < 0.05 for all en-
zymes versus vehicle at 3 and 24 hr. 

Hours postexposure

specificity and have pH optimum at neutral to alkaline pH. In part due to these
properties, the enzymes are highly efficient, on a weight basis, at degrading large
proteins. Their efficiency at inducing desquamation suggests that the cleavage of
desmosomes required for cell shedding does not require a high degree of speci-
ficity.
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FIGURE 6 Reduction in visual dryness achieved using Optimase. Aqueous
enzyme was applied unoccluded followed by the application of a commercial
moisturizer. Vehicle (100 µM Tris-HCl, pH 8, 5 µM Na2EDTA) (square) and Op-
timase at 50 GU/cm2 (diamond). *p < 0.05 for Optimase versus vehicle. 

Topical application of protease can be used to improve the efficacy of com-
mercially available moisturizers. As seen in Fig. 6, the application of Optimase
followed by the application of a commercial moisturizer resulted in a greater vi-
sual dryness reduction than the application of the aqueous vehicle and moisturiz-
er. The reduction in dryness does not occur as quickly as when the enzyme is oc-
cluded. The effect is measurable after 12 hr and continues to increase over the
next 48 hr. The stability of protease in typical oil-in-water emulsion–based mois-
turizes is low, primarily due to autolysis and denaturation. Thus a two-step appli-
cation method was developed to circumvent the stability problem. The half-life of
Optimase in a oil-in-water base moisturizer is long enough to conduct a clinical
study provided that the samples are stored at 4°C during the course of the study.
Using the procedure, a moisturizer containing Optimase was tested in a single-
step application, applying the product once a day. Optimase improved the effica-
cy of the moisturizer in a manner similar to that achieved in a dual application
(Fig. 7).

2.2 Mechanism of Protease-Induced Desquamation

The role of SCCE, a chymotrypsin-like protease, in degrading the corneodesmo-
some suggested that chymotrypsin enzymes would be the most effective when
topically applied. However, as described, the action of topically applied prote-
olytic enzymes showed no such specificity; indeed the broader specificity en-
zymes proved to be the most effective. This suggested that the highly effective
amelioration of xerotic skin scaling may have been due simply to generalized
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FIGURE 7 Reduction in visual dryness achieved using Optimase in a comer-
cial moisturizer. Vehicle (commercial moisturizer) (square) and Optimase at
50 GU/cm2 (diamond). *p < 0.05 for Optimase versus vehicle. 

proteolysis, rather than emulating desquamation by causing the degradation of
the corneodesmosomal linkages. To assess the mechanism of action of topically
applied proteases on stratum corneum, an in vitro desquamation model was de-
vised [7].

The model involved placing dermatomed skin on a bed of agar, to prevent
tissue desiccation, applying Optimase to the skin, and incubating at a constant RH
of 80%. Subsequent measurement of corneocyte release demonstrated that Opti-
mase aided in enhancing cellular detachment, rather than by completely degrad-
ing the stratum corneum (Fig. 8a). Furthermore, indirect immunofluorescence,
using an antiserum raised against extracellular regions of dsc1, revealed de-
creased levels of dsc1 epitopes on the surface of corneocytes in Optimase-treated
skin (Figure 8b). This result indicated that at least one target of topically applied
Optimase was the binding proteins of the corneodesmosome and supports the
view that these enzymes work by an increased level of desmolysis. To confirm
that the bacterial protease was indeed inducing desmosomal degradation, the
morphology of desmosomes in enzyme-treated plantar stratum corneum was in-
vestigated.

In brief, pieces of plantar stratum corneum were incubated in buffer, with
and without enzyme, and electron-microscope analysis was used to investigate
the effect upon corneodesmosomes. This analysis revealed an increased incidence
of degraded or degrading desmosomes in treated tissue compared to controls.
Moreover, there was no evidence that Optimase had any effect upon the cornified
envelope or the intermediate filaments within the corneocytes, except where the
cornified envelope was obviously damaged, allowing enzyme entry (Fig. 9). This
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FIGURE 9 Typical electron micrograph images of control- and Optimase-
treated plantar startum corneum. Optimase-treated stratum corneum (B)
shows more degraded and degrading corneodesmosomes (arrow) com-
pared to the control tissue (A), where intact corneodesmosomes predomi-
nate (arrow). (×32,000.)

A B

indicates that as long as the cornified envelope remains intact, protease treatment
of stratum corneum results in proteolysis of extracellular elements such as the
desmosomal proteins.

The in vitro methodology strongly supports a mode of action of Optimase
treatment that involves desmolysis. To confirm that this was happening in vivo
under clinical conditions, corneocytes were collected using tape strips and ana-
lyzed by indirect immunofluorescence using dsc1 antiserum [7]. A 3-day unoc-
cluded treatment with Optimase resulted in reduced levels of desmosomal protein
on the corneocyte surface supporting the hypothesis that bacterial proteases rap-
idly improved the visual symptoms of xerosis by degrading the aberrantly re-
tained desmosomes in scaling skin.

3 STABILITY OF PROTEASES IN CREAMS 
AND LOTIONS

From the previous sections, it is clear that topical application of proteolytic en-
zymes results is the rapid alleviation of the rough, flaky skin condition associated
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with soap-induced xerosis. However, proteases incorporated into cosmetic lotions
containing high concentrations of water are unstable due to autolysis and denatu-
ration. Typically an aqueous solution of Optimase is completely inactive after one
day of storage at room temperature due primarily to autolysis. Thus, storage sta-
bility of enzymes in skin care cosmetics represents an inherently difficult chal-
lenge. Techniques to achieve storage stability have been developed for laundry
detergents where the use of proteases has been widespread [8]. These include
methods such as encapsulation, coacervation, precipitation, use of anhydrous
(low water activity) vehicles, and the addition of stabilizers or enzyme inhibitors.
However, these techniques are not immediately applicable for topical skin care
products. In addition to safety and cosmetic acceptability considerations, a key
difference is that such methods of stabilization rely on dilution in the laundry
wash water to release or activate the enzyme from its stable storage condition and
thus trigger its activity in use; in skin care products the reverse situation persists.
The evaporation of volatile ingredients, primarily water, tends to concentrate the
enzyme keeping it in the stable, inactive form. An obvious approach to circum-
vent this problem is through the use of dual compartment packages, which serve
to physically separate a stable enzyme formula from a cosmetic emulsion. For-
mulations designed to effectively trigger the activation of enzyme through dilu-
tion or another mechanism upon mixing of these separate parts during application
to skin can be conceived and developed. However, the complexity and cost of the
packaging is often a prohibitive limitation.

The limitations associated with many of the stated approaches suggest that
encapsulation routes which serve to isolate the enzyme into a hydrophobic, anhy-
drous matrix within the microstructure of the cosmetic lotion and subsequently
release the enzyme through the shear and abrasion during topical application to

FIGURE 10 Comparison of the stability of encapsulated (diamond) versus
unencapsulated (square) protease in a commercial oil-in-water cosmetic lo-
tion.
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the skin would offer significant advantages. Figure 10 compares the relative stor-
age stability of Optimase AP 45 in a typical cosmetic skin lotion with and without
encapsulation. The details of the encapsulation and analysis of protease activity
are described elsewhere [9]. Briefly, the anhydrous enzyme powder is dispersed
into petrolatum and emulsified in a concentrated aqueous solution to produce
100- to 500-µm droplets. The emulsion is blended into the skin lotion using low
shear mixing to prevent breakage of the droplets.

Encapsulation clearly provides a considerable enhancement in stability
compared to the direct incorporation of the enzyme into the lotion. Following this
proof of principle we next considered factors that affect the rate of decomposi-
tion. As shown in Fig. 10, the shape of the decay curve is biphasic. The initial rap-
id loss can be attributed to the dissolution of poorly encapsulated enzyme into the
aqueous solution and the consequential loss of activity due to autolysis. The slow-
er loss of activity reflects the inactivation of encapsulated material. Overall the ki-
netics of decay can be described by Eq. (1):

[E] = ([Et] – [Eenc]) exp(–k1t) + [Eenc] exp(–k2t) (1)

where E is the active enzyme remaining at time t, Et is the total enzyme, Eenc rep-
resents encapsulated enzyme, and k1 and k2 are the first-order rate constants for
degradation of unprotected and protected enzyme, respectively: Eenc and k2 can be
obtained from fitting the data from more than 10 days.

A second consideration for the stability of encapsulated enzyme is water
diffusion into the hydrophobic matrix and subsequent dissolution of the anhy-
drous enzyme within the capsule. With respect to this, it important to note that the
anhydrous enzyme granules used in Fig. 10 (Optimase AP45) are spray-dried on

FIGURE 11 Effect of water activity reduction in the aqueous phase of an oil-
in-water lotion on the degradation rate of encapsulated protease. Glycerol
levels in aqueous phase corresponding to the water activity are shown in
parantheses.

(30)
(15)

(5)

(0)
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a lactose matrix. The consequence of this is a considerable osmotic driving force
for water penetration into the capsule resulting from the water solubility of lac-
tose. Figure 11 shows clearly that controlling this osmotic imbalance by reducing
the water activity of the external aqueous phase through the addition of glycerol
leads to a considerable enhancement in stability. Indeed, the data indicate that k2

significantly decreases below water activity of ∼0.94, which is approximately
equal to the water activity of a saturated solution of lactose. Thus, the implication
is that when the water activity in the external phase is equal or less than that of
saturated lactose, water penetration into the capsule is greatly retarded, enabling
the enzyme to remain in a mostly anhydrous form and thereby greatly enhancing
storage stability.

A final consideration in the use of encapsulated enzyme is ensuring the en-
zyme is released upon application to skin. In this context petrolatum forms an ide-
al matrix for encapsulation because it is sufficiently hydrophobic and viscous to
immobilize the anhydrous enzyme, but is sufficiently friable under shear forces
associated with rubbing to release the enzyme. In clinical studies, encapsulated
enzymes have been shown to be as effective as direct incorporation of the enzyme
into the vehicle (Fig. 12). Overall these studies indicate that with further opti-
mization, encapsulation methods offer a viable method to deliver stable, effective
levels of proteases in skin care products.

FIGURE 12 Comparison of clinical effectiveness of encapsulated protease
systems (cross) versus unencapsulated systems (open square). Also shown
is the effectiveness of the base moisturizer alone (diamond) as well as the
base moisturizer containing placebo capsules (triangle). The improvement in
dryness of both enzyme-containing products is significant at p < 0.01 com-
pared to the nonenzyme-containing controls at Day 1 and Day 2 timepoints.
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4 SAFETY ISSUES ASSOCIATED WITH THE USE OF
ENZYMES IN SKIN CARE PRODUCTS

4.1 Potential Health Effects Associated with the Use
of Enzymes

The primary toxicological hazard presented by the use of enzymes in any appli-
cation is that they are potentially allergenic. The capacity of proteins, including
enzymes, to cause sensitisation of the respiratory tract and thus to have the poten-
tial to induce asthma is well known [10–13], and enzymes are recognized occu-
pational allergens [14]. Respiratory sensitization is an immediate IgE anti-
body–mediated Type I hypersensitivity response regulated by TH2 lymphocytes
and associated cytokines [15,16]. The principal safety concern for the use of en-
zymes in any application is therefore the potential for the induction of Type I sen-
sitization and most particularly respiratory sensitization.

Another concern with the use of enzymes is the possibility of direct reac-
tions when enzymes are topically applied to the skin. Skin sensitization, referred
to clinically as allergic contact dermatitis, is a cell-mediated Type IV delayed hy-
persensitivity reaction. The delayed contact hypersensitivity reaction is immuno-
logically based and is dependent on TH1 lymphocytes [15,16]. To behave as a
skin sensitizer a substance must first penetrate the stratum corneum, partition into
the epidermis, and react with endogenous proteins to form a hapten–carrier con-
jugate. Such substances will therefore normally be of low molecular weight (nor-
mally <400 D), e.g., metals (nickel), plant extracts [the poison ivy/oak family
(pentadecyl catechols)], dyes [17–19]. Proteins (and thus enzymes) are not impli-
cated as a cause of delayed contact hypersensitivity and this is supported by the
experience in the detergent industry where there have been no reported cases of
delayed contact hypersensitivity due to enzymes. However, there are other types
of dermatitis in man, including irritant contact dermatitis (ICD) [20]. While pro-
teins are not commonly associated with ICD, this can occur with proteolytic en-
zymes, presumably as a direct consequence of barrier damage [21], and this may
be a factor in the accommodation of skin barrier penetration in the much less
common protein contact dermatitis. Protein contact dermatitis is a type of contact
urticaria [22]. Although the majority of contact urticaria is nonimmunological, a
small proportion is caused by a Type I hypersensitivity reaction mediated by spe-
cific IgE antibody [23]. Typically immunological protein contact urticaria is ex-
pressed on skin where the barrier function has been compromised through wet
work and contact with surfactants. This condition was recognized largely in the
occupational context of food preparation—common causes are (shell) fish and
vegetables—and has a substantial skin irritation component [24]. However, it is
not known whether repeated contact of foreign protein with intact skin will lead
to the formation of specific IgE antibody. Although occupational protein contact
dermatitis is not uncommon, the frequency of reported cases caused by enzymes
is limited relative to exposure [25,26]. While in these cases the reaction is elicit-
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ed via the skin, it is not possible to exclude the possibility that sensitization was
induced via another route. Exposure to foreign proteins (enzymes) can occur via
several routes: respiratory, mucosal, and skin (particularly if damaged/compro-
mised, e.g., in eczema) and although the role of dermal contact in the induction of
Type I sensitization is unclear, immunological protein contact urticaria can occur
in a sensitized individual after skin exposure. The route of exposure which in-
duces the production of specific IgE antibody may not be the same as that by
which a clinical response is elicited. In the case of enzymes the most likely route
of primary sensitization is via the respiratory tract.

Although enzymes are recognized as potential occupational respiratory al-
lergens [10,14], consumers have used them safely in laundry detergent products
for many years. With the exception of a few isolated cases of allergic reactions in
the consumer population when enzymes were first introduced into products and
were extremely dusty, there have to date been no reported cases of the induction
of Type I hypersensitivity. This is most probably due to the extremely low levels
of enzyme exposure during consumer use of enzyme-containing laundry deter-
gent products (estimated as <0.067 ng/m3) [27,28]. However, there have been re-
ported incidences in the consumer population of allergic reactions to enzymes
when used in other applications. Allergic reactions to papain have been reported
due to its use in contact lens cleaning solution [29,30] and cosmetics [31]. The
history of the safe use of enzymes in laundry products has prompted the con-
sideration of the use of these enzymes in other applications, including personal
products. Given the recognized potential of enzymes as occupational respiratory
allergens and the reported cases of allergy from other consumer uses of enzyme-
containing products, a careful risk assessment of any new use scenario is vital.
The main concern is possibility inducing Type I hypersensitivity, primarily respi-
ratory sensitization, because the fate of the enzyme following use in topical or
personal cleansing applications is uncertain. The potential for inhalation of air-
borne or deposited enzyme in the home of the consumer, due to loss from the skin
surface following desquamation or by aerosolization during washing as well as
absorption via mucosal and dermal exposure, is therefore a major concern. The
possible risks of the induction of Type I hypersensitivity reactions associated with
the use of enzymes in leave-on products have therefore been assessed in several
studies.

4.2 Safety Studies on the Use of Enzymes in
Personal Care Products

A study to assess the levels of aerosolized enzyme generated during showering
using an enzyme-containing personal cleansing product was carried out and this
was followed by a 6-month pilot use test with concurrent monitoring for the de-
velopment of specific IgE antibody [32]. Levels of airborne enzyme were moni-
tored during showering using prototype soap bars containing different concentra-
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tions (0.2, 0.4, and 2.8%) of a Bacillus subtilis–derived protease. The levels of en-
zyme measured in the shower cubicle increased proportionately with the concen-
tration of enzyme in the product (mean values 11.4, 15.7, and 183 ng/m3). Re-
peated experiments using the 0.2% level confirmed the measurements (mean
values 5.7–11.8 ng/m3). The enzyme levels in the room outside the shower cubi-
cle were also measured and found to be approximately 2.5-fold less than the lev-
el in the shower cubicle itself. In the follow-up 6-month use test, volunteers with
a reported history of seasonal allergic rhinitis substituted test (with 0.2% enzyme)
or control soap bars for their normal products. Prior to the start of the test and at
two monthly intervals, skin prick tests (SPT) using the enzyme and appropriate
controls were carried out on the volunteers. All SPT analysis was negative up to
the 4-month assessment point. However, after 6 months 4 out of the 61 individu-
als in the test group gave a positive SPT response to the enzyme, and all four pos-
itive results were confirmed by the identification of specific IgE antibody using
serological analysis. Although none of these individuals reported clinical symp-
toms, the potential to develop symptoms with extended use cannot be ruled out.

When used in the manufacture of laundry detergent products, occupational
airborne exposure levels for the Bacillus subtilis–derived protease used in the
soap bar study (and other enzymes of similar antigenic potency) have been limit-
ed to 15–20 ng/m3. In this controlled occupational environment, data show that
clinical symptoms are prevented and the rate of sensitization is minimized
[33,34]. The assumption was therefore that because the frequency, duration, and
magnitude of the exposure to enzyme from the soap bar application was much
less than that observed in the occupational environment, the use would be safe.
However, the induction of specific IgE antibody in several of the study partici-
pants emphasizes the need for caution when developing a risk assessment for any
proposed new enzyme use application. The possibility that Type I hypersensitivi-
ty can be induced through routes other than via inhalation, e.g., dermal or mucos-
al, is uncertain. As discussed previously, it is known that dermal contact with pro-
teins (e.g., latex proteins) [35] can elicit IgE antibody–mediated allergic reactions
thus confirming the ability of proteins to penetrate the skin barrier under certain
conditions. Although the primary route of induction is thought to be via the respi-
ratory tract, the mechanisms are not fully understood, and the dermal and mucos-
al routes may be contributory. Other studies, including the assessment of enzyme-
containing laundry bars for hand laundry and personal cleansing over a 6- to
18-month period with no induction of IgE antibody [36,37], indicate that it is un-
likely that the dermal route alone was responsible for the sensitizations observed
in the soap bar study.

Further studies have investigated the use of enzymes in topically applied
leave-on products and have confirmed the potential for the generation of inhal-
able enzyme. The important consideration here was not skin penetration, but
rather the fate of the enzyme lost from the skin surface. In a study to assess the
airborne levels of enzyme generated following the use of a topically applied skin
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cream, groups of five volunteers applied a skin cream with (∼0.03%) or without 
a Bacillus-derived proteolytic enzyme twice daily for 12 weeks [38]. At 2- to 
4-week intervals during the 12-week use phase and for 6 weeks after use, the pan-
ellists’ bedroom air was sampled before and after vacuuming and changing the
bed linen. No airborne enzyme was detected before vacuuming and changing of
linen in any of the groups. No enzyme was detected in the control group follow-
ing vacuuming and changing the bed linen; however, enzyme was detected on a
number of occasions in the low-dose (0.5 g cream/application) group but with no
obvious pattern. In the high-dose group (3 g cream/application) there was with
continued exposure clear evidence of a trend to increasing airborne enzyme levels
(up to 29 ng/m3) that dropped back to nondetectable levels 6 weeks after the ap-
plications were discontinued. Although no specific IgE antibody was detected in
any of the small number of individuals participating in this study, this is most
probably due to the relatively short duration of the exposure period. Specific IgE
antibody is usually induced after 6–12 months of exposure, as illustrated in the
soap bar study [32], the papain in contact lens solution case [29], and the exten-
sive experience from occupational exposure to enzymes within the detergent in-
dustry. The possibility of the induction of a specific IgE antibody response with
prolonged exposure should not be ignored.

The potential for the deposition of enzyme on the skin and aerosolization
after showering following the use of an enzyme-containing leave-on product
were investigated in another study [39]. This study demonstrated that immuno-re-
active enzyme could remain on the skin (100–400 ng/cm2) for at least 24 hr fol-
lowing application of a leave-on vehicle containing less than 0.02% of a prote-
olytic enzyme. The study also showed that the “reservoir” of residual enzyme on
the skin could become aerosolized during showering. The leave-on vehicle con-
taining <0.02% enzyme was applied by six volunteers to the whole body and af-
ter 12 hr the levels of airborne enzyme were measured during showering, and lev-
els of up to 1.13 ng/m3 were detected.

4.3 Potential for the Future Use of Enzymes in
Personal Care Products

While the exposure patterns to enzymes in the occupational environment are very
different to those arising from the consumer use of enzyme-containing personal
products, the levels of airborne enzyme demonstrated in various studies
[32,38,39] are orders of magnitude greater than estimated in the consumer use of
laundry detergent products [28]. This gives cause for concern and means that a
risk assessment for topically applied or personal wash products containing en-
zyme must include as a primary consideration the potential for respiratory sensi-
tization arising from the inhalation route of exposure. In all the cases presented
here, the risk assessment conclusion would be that the proposed use of the en-
zyme would be unacceptable in the absence of further detailed evaluation.
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The conduct of thorough risk assessments, including detailed evaluation of
potential sources and routes of exposure, when developing safety evaluations for
enzymes in new applications is paramount. As part of this process, it is important
to understand the levels of exposure which might induce an immunological (spe-
cific IgE antibody) response under normal use conditions, i.e., it is necessary to
understand something of the dose response relationship for the enzyme/applica-
tion in question. Although evidence indicates clinical skin problems associated
with the use of enzymes are limited, any risk assessment should also include an
assessment of the possible effects of repeated skin exposure to enzyme on
changes in skin structure and function. Enzymes are implicated in irritant der-
matitis, and compromised skin is recognized as a critical factor in protein contact
urticaria and may also be a factor in the induction of specific IgE antibody and
thus potentially respiratory sensitization. Appropriately designed clinical evalua-
tions are therefore required. The duration of the clinical study is critical, with the
potential development of an IgE antibody response requiring 6–24 months. Prop-
er statistical analysis must be carried out to ensure the calculation of any risk in
the consumer population. Postmarket surveillance should also be considered fol-
lowing any introduction of a new enzyme-containing product, and all complaints
should be carefully evaluated, including a medical assessment if required.

5 SUMMARY

Considerable evidence has been presented in this chapter that supports the hy-
pothesis that a reduction in proteolytic activity within the stratum corneum and a
subsequent retention of desmosomes in the upper layers of stratum corneum con-
tribute to the visible scaling associated with xerotic skin. Topical application of
protease has been shown to rapidly reduce this scaling leading to a significant re-
duction in the visible signs of dryness. From our research, broad specificity pro-
teases appear to be most efficient at producing this effect. The benefit of protease
can be achieved from a conventional moisturizer, and routes to stabilize the en-
zyme using encapsulation can be envisioned. Concerns regarding the safety of
such products have been investigated and indicate that until the technologies ex-
ist to address the safety of enzymes, for example, modification to reduce the in-
herent allergenicity, they are probably not appropriate for use in topical or per-
sonal cleansing products. Consequently, further research will be required to
commercialize this promising technology.
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Enzymes in Cleansers

Takuji Masunaga
Kosé Corporation, Tokyo, Japan

1 INTRODUCTION

The essential function of skin care cosmetics is to maintain beautiful and healthy
skin. Skin care cosmetics, including creams, lotions, facial packs, cleansers, and
astringents, have specific purposes and effects. The main purpose of a skin
cleanser is to clean the skin surface by removing dirt to promote beautiful and
healthy skin. Any dirt remaining on the skin surface or plugged in the piloseba-
ceous orifices is easily oxidized or degraded by oxygen and microorganisms,
leading to skin trouble, including inflammation and acne vulgaris.

Dirt on the skin surface consists of sloughed corneocytes, sebum, sweat
remnants, products from bacteria on the skin surface, and environmental pollu-
tants. Keratin is a main component of corneocytes, which are continually
sloughed from the skin surface. Stratum corneum is formed by terminal differen-
tiation of epidermal keratinocytes, and both epidermal proliferation and kera-
tinization increase in response to daily life ultraviolet exposure [1] and dry envi-
ronmental conditions [2]. As a result of inappropriate keratinization, the skin
tends to become rough or dry and can lead to scarring. Sebum is excreted from pi-
losebaceous orifices and spreads on the skin surface. The lipid on the skin surface
is easily oxidized and converted to lipid peroxidation. Such peroxidized lipid can
cause skin irritation, leading to skin damage. Acne vulgaris can result from sebum
becoming plugged in the pilosebaceous orifices. Certain kinds of bacterial prod-
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uct are believed to generate singlet oxygen [3]. Reactive oxygen species are gen-
erated even under daily life conditions, and can oxidize materials on the skin sur-
face to form skin irritants. Removing the dirt is an essential requirement for
healthy skin and personal hygiene.

Enzymes can be used as a cosmetic ingredient in skin cleansers due to their
unique characteristics as a biocatalist which effectively catalyzes the specific reac-
tion under mild conditions, although the main component of cleaning product is
detergents. Because protease and lipase can degrade high molecular weight mate-
rials into smaller fragments, their incorporation into skin cleansers is helpful in re-
moving dirt on the skin surface. Bell reported that application of suitable protease
could remove the adherent corneocytes and produce softer skin [4]. Because an en-
zyme is a kind of protein and exhibits less stability of three-dimensional structure,
incorporation of an enzyme generally results in short shelf-life of the products.
Therefore, stabilization of enzymes is important for cosmetic applications.

In this chapter, we mainly focus on the application of protease in a skin
cleanser, and describe the evaluation of its function and improvement of its stabi-
lization.

2 PROTEASE

Proteins in skin dirt are generally high molecular weight materials. To facilitate
their removal by detergents, it is preferable to degrade them into smaller frag-
ments. Protease is often used in skin cleansers to catalyze such a reaction. Pro-
tease showing low specificity is preferable for a skin cleanser because there are
many kinds of proteins in dirt. Commonly used proteases in skin cleanser are Bio-
prase® (Nagase Biochemicals, Japan) and papain.

Bioprase is an extracellular protease from Bacillus subtilis with molecular
weight of 31 kD (Fig. 1). Bioprase is inhibited by di-isopropyl fluorophosphate
(DFP) and phenylmethylsulfonyl fluoride (PMSF), but not by EDTA, mono-
iodoacetic acid (MIA), and N-ethylmaleimide (NEM), and is not activated by
cysteine, which indicates that Bioprase is a serine protease.

Papain is a thiol protease obtained from papaya [5]. This protease is inhib-
ited by NEM and MIA, but not by DFP and PMSF, and is activated by cysteine
and EDTA, which confirms that papain is a thiol protease.

In general, oxidation of cysteine residue in the active center in thiol pro-
tease results in reduction of its activity. Therefore, oxidizing agents would affect
Bioprase less than papain because Bioprase has no cysteine residues in its active
center, a benefit of Bioprase as a cosmetic raw material.

3 EVALUATION OF PROTEASE FUNCTION

Proteases in skin cleansers are expected to degrade protein in dirt on the skin sur-
face so that they may be easily removed by detergents, as mentioned. The main
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FIGURE 1 Sodium dodecyl sulfate–polyacrylamide gel electrophorograms of
Bioprase. Molecular weight markers are indicated on the left. (From Ref. 10.) 

protein included in dirt on skin surface is thought to be keratin, which is a main
component of sloughed corneocytes. Sweat protein is thought to be another com-
ponent of protein in dirt. Therefore, the proteolytic activity toward keratin and
sweat protein can be employed as a marker of protease function in a skin cleanser.

3.1 Keratin Hydrolytic Activity

Keratin is an intermediate filament expressed in keratinocyte [6]. Normal epider-
mal keratinocytes express four major keratins. Epidermal keratinocyte in basal
layer expresses basal type keratins, keratin 5 and 14. On the other hand, differen-
tiated keratinocyte in suprabasal layer expresses keratin 1 and 10, markers for
skin type differentiation.

To investigate the hydrolytic action of protease toward keratin, we used a
commercial keratin preparation extracted from human epidermis as a substrate.
The keratin preparations used in this evaluation have four main polypeptides with
molecular weights of 73, 56, 51, and 45 kD. Keratin hydrolytic activity was eval-
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FIGURE 2 Keratin hydrolytic activity of Bioprase (left) and papain (right). Ker-
atin solution was incubated with respective protease for various periods in-
dicated. The fragments were analyzed by sodium dodecyl sulfate–polyacryl-
amide gel electrophoresis. No protease was incubated with keratin in
control. Nearly the same amount of proteases on a molar basis was used in
respective experiment. (From Ref. 10.) 

uated by analyzing the degraded polypeptide fragments by sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis after mixing keratin substrate solution
with protease.

In the case of Bioprase (Fig. 2A), original keratin bands began to degrade
into the fragments of 28–35 kD within the first 5 min. After 20 min incubation, no
intact keratin bands were observed, and the smaller fragments less than 20 kD
were generated. By 60 min, almost all keratins and their fragments had disap-
peared. When keratins were incubated for 60 min without Bioprase as a negative
control, no degradation was observed. These results clearly show that Bioprase
hydrolyzed the keratins.

Since papain was found to have lower hydrolytic activity on keratin than
Bioprase (Fig. 2B), the latter is a more effective ingredient for skin cleansers.

3.2 Sweat Protein Hydrolytic Activity

The major components of sweat are water and salts. However, some proteins are
known to be included in sweat [7] although the amount is considered to be less
than in sloughed keratin. Marshall analyzed sweat proteins by two-dimensional
electrophoresis followed by methylamine incorporating silver stain [8], and Ru-
bin and Penneys analyzed 125I-labeled sweat proteins by two-dimensional elec-
trophoresis [9]. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis com-
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bined with ordinary silver staining technique is a convenient and highly sensitive
way to analyze sweat proteins as a substrate for proteases in skin cleansers. The
sweat proteins can be collected from the facial skin after exercise by using gauze.
The details are described elsewhere [10].

As shown in Fig. 3, Bioprase can hydrolyze the sweat proteins of ranges
21–26 and 32–41 kD within 60 min. The results indicate that enzyme in skin
cleanser is effective in removing the dirt originating from sweat proteins.

3.3 Experimental Conditions

In the assay of keratin and sweat protein hydrolytic activity described, the em-
ployed incubation time of 60 min is very long compared with the time typically
spent washing the face. It is not clear how much protein is degraded in actual face
washing. However, complete degradation of the protein in dirt is not necessary
because detergent, but not protease, is the main component in removing dirt. The
amount of protease in the formula should be decided by considering not only
functionality, but also safety, cost, and so on.

FIGURE 3 Sweat protein hydrolytic activity of Bioprase. Sweat protein was
incubated with Bioprase for 60 min. The fragments were analyzed by sodium
dodecyl sulfate–polyacrylamide gel electrophoresis. The bands were re-
vealed by silver staining. (From Ref. 10.) 
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FIGURE 4 Stabilities of native Bioprase in an aqueous solution without (A) or
with (B) glycerin and as dried powder (C). The samples were stored at 40°C.
(From Ref. 10.) 
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B

C

Week

4 STABILIZATION

Bioprase, a protein hydrolytic enzyme, is a useful ingredient in skin cleansers, as
shown. However, the shelf-life of Bioprase is known to be short, especially in wa-
ter-containing products. No reduction of the activity of Bioprase in a powder-type
preparation was observed in the first 4 weeks, whereas its activity in an aqueous
solution was drastically reduced and completely lost within 1 day (Fig. 4). Even
with the addition of glycerin, which is a well-known protein stabilizer [11,12],
half of the Bioprase activity was lost in 1 week, and no activity was observed af-
ter 4 weeks. This short shelf-life would be a barrier to widespread application. To
develop various types of cleansing preparations containing protein hydrolytic en-
zymes, improvement of the shelf-life is required.

Several approaches are possible to improve the stability of enzymes. The
simplest approach is to use heat-stable enzymes [13]. Some thermophilic mi-
croorganisms are known to produce heat-stable proteases, such as thermolysin
[14], aqualysin I and II [15,16], caldolysin [17], and thermitase [18]. Ther-
mophilic enzymes generally show high stability not only against heat, but also
against protein denatures induced by urea, detergents, and organic solvents.
These characteristics are also advantageous in cosmetic ingredients. Of course,
safety and functional efficacy must be established before incorporation into a skin
cleanser.

The second approach is a gene engineering method. Site-directed mutagen-
esis is one such technique, enabling the substitution, deletion, and insertion of
specific amino acids in protein by changing the nucleotide sequence of the encod-
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ing gene. This technique enables us to freely design an enzyme protein molecule
to obtain heat-stable protein molecules. Because safety and cost concerns remain
to be solved, this technique can be applied only to laboratory level experiments,
not to manufacturing level production.

The third approach is chemical modification, whereby a modifier is bound
to protein molecules by covalent bonds. Polyethylene glycol and its derivatives,
polysaccharide and its derivatives, maleic acid–styrene copolymer, and so on, are
used as modifiers. This approach is one of the best ways to improve the stability
of protease used as cosmetic ingredients, because many of the modifiers are used
as cosmetic ingredients or its derivatives or analogs. Furthermore, chemically
modified protein with a high molecular weight modifier generally shows low anti-
genicity, which is desirable from the standpoint of ingredients safety.

5 CHEMICAL MODIFICATION OF BIOPRASE

Here, I would like to single out the chemical modification of Bioprase with
copolymers of α-allyl-ω-methoxy polyoxyethylene and maleic anhydride to
show how Bioprase can improve heat stability.

5.1 Chemical Modifier

Modifiers were synthesized according to the method of Yoshimoto et al. [19]. The
synthesis procedure is briefly summarized in Fig. 5. The modifier shows various
lengths of a polyoxyethylene (POE) group (n) and the various degree of polymer-
ization of a monomer unit (k). This modifier was designated as PEG-MA(n, k).

5.2 Determination of Procedure for 
Chemical Modification

The chemical modification of Bioprase with PEG-MA copolymer is carried out to
form covalent bonds between amino groups located on the surface of the Bio-
prase molecule and anhydride group of the copolymer (Fig. 5). The reaction is
performed by mixing both materials, followed by drying the mixture.

Selection of the modification procedure was carried out using PEG-MA(33,
8) as a modifier. First, the method for adding the modifier was investigated. When
the modifier was dissolved in acetone, the recovery of activity of the modified
Bioprase was 16%, whereas a 78% recovery was obtained by adding it as a fine
powder to a Bioprase aqueous solution (Fig. 6). Consequently, the modifier
should be added in the form of a fine powder. The difference in recovery of activ-
ity is probably due to denaturation of Bioprase by acetone.

Second, the solvent for Bioprase was selected by analysis of the modified
Bioprase preparations by gel permeation chromatography. As shown in Fig. 7A,
only a small amount of Bioprase was modified when distilled water was used as a
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FIGURE 5 Synthesis of copolymer of α-allyl-ω-methoxy polyoxyethylene and
maleic anhydride [PEG-MA(n, k)], and chemical modification of Bioprase.
(From Ref. 10.) 

FIGURE 6 Yield of activity of modified Bioprases prepared by two procedures
for addition of modifier. 

solvent for Bioprase. On the other hand, the yield of the modified Bioprase was
increased when Bioprase was dissolved in 0.25M borate buffer, pH 8.8 (Fig. 7B).
Because a high pH increases the number of free amino groups in the Bioprase
molecule, Bioprase effectively reacted with anhydride groups of the modifier.
Consequently, a borate buffer was used as a solvent for Bioprase in the following
experiments.
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FIGURE 7 Gel permeation chromatograms of modified Bioprases. (A) Bio-
prase dissolved in water: (B) Bioprase dissolved in 0.25M borate buffer, pH
8.8. Arrowhead and arrow indicate elution point of modified Bioprase and
native Bioprase, respectively. (From Ref. 10.) 

A B

minmin

FIGURE 8 Determination of modifier/Bioprase ratio. The values in parenthe-
ses were the recovery of activity. All samples were stored at 40°C. (From Ref.
10.)

Week

3/1 (52%)
2/1 (52%)
1/1 (72%)

0.5/1 (76%)

Finally, the modifier/Bioprase ratio was determined. The ratio based on
weight in the reaction mixture was changed from 0.5 to 3, and the stabilities of re-
spective modified Bioprases were evaluated (Fig. 8). The modified Bioprase con-
jugated with the smaller amount of the modifier showed lower stability and high-
er recovery. In contrast, when the ratio was 2 or 3, the modified Bioprases showed
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FIGURE 9 Stability of modified Bioprases with various modifiers. The values
in parentheses were the recovery of activity. The stability was evaluated at
40°C. (From Ref. 10.) 

Week

(45, 8)

higher stability, but their recoveries of activity were lower. These results can be
explained as follows. When the amount of the modifier was increased, the degree
of modification also increased, which means that the surface of Bioprase mole-
cule was covered more completely with the modifier. Because the structure of the
protease was protected in this modified Bioprase, the stability also improved.
However, enzyme activity was decreased because the approach of Bioprase to
substrate was inhibited by the presence of the surface modifier. The modifier/Bio-
prase ratio was set at 2 because our main purpose was to improve the stability of
Bioprase, not to obtain high recovery of activity.

From the results described, the modification procedure was determined as
follows: All modification procedures were carried out at 4°C. The fine powdered
modifier was added incrementally (2.5 g, 4 times) to 5 grams of Bioprase in 100
mL of 0.25M borate buffer, pH 8.8. The mixture was stirred for 30 min after each
addition of the modifier, and 50 mL of the buffer was added each time to maintain
the pH. Then the mixture was dried to obtain the modified Bioprase.

5.3 Characterization of Chemically 
Modified Bioprase

Chemically modified Bioprase with other modifiers having various numbers of n
and k in their structures were synthesized, and their stability and activity recovery
rate were evaluated (Fig. 9). The results show that modified Bioprase with low re-
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covery rate tended to exhibit high stability, and the one showing high recovery
rate tended to be less stable.

To clarify the reason for this, the modified Bioprase preparations were ana-
lyzed by gel filtration chromatography (Fig. 10). There was no native Bioprase in
the modified Bioprase preparation with PEG-MA(33, 8) and (33, 5.3), which
showed low recovery rate and high stability. In contrast, some unreacted Bioprase
remained in samples modified with PEG-MA(23, 12), (45, 8), and (70, 4), which

FIGURE 10 Sephadex G-75 gel filtration chromatograms of modified Bio-
prases. Arrowhead and arrow indicate void volume and elution volume of
native Bioprase, respectively. (From Ref. 10.)
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showed high recovery rate and low stability. Higher recovery rate and lower sta-
bility of the latter three preparations are attributed to the unreacted Bioprase. In
the chromatogram of the modified Bioprase preparation with PEG-MA(11, 30), a
large amount of low molecular weight peptide fragments was detected, probably
due to degradation of Bioprase into fragments, and this caused the low recovery
rate seen in Fig. 9.

A PEG-MA(30p, 10) is the modifier with 15 moles of propylene oxide
group and 15 moles of ethylene oxide group in its polyoxyalkylene moiety. The
modified Bioprase with this modifier displayed lower stability than that of the one
modified with PEG-MA(33, 8), indicating that ethylene oxide group is more ef-
fective on stabilization than propylene oxide group.

Thus, we found that the characteristics of Bioprase modified with various
modifiers are different, and appropriate modifier should be chosen to fit the pur-
pose. From the viewpoint of stability, two Bioprases modified with PEG-MA (33,
5.3) and (33, 8) are most useful, and the latter was used in the following experi-
ments.

5.4 Effect of Ingredients on Stability of 
Modified Bioprase

To prepare the formula in which the protease can be further stabilized, the effects
of other ingredients on the stability of modified Bioprase were investigated as
follows.

It is well known that polyol increases the stability of protein [11,12]. There-
fore, to further stabilize the modified Bioprase, the stabilizing effects of four
polyols which are commonly used in cosmetics were investigated by evaluating
the stabilities of the modified Bioprase dissolved in 50% polyol solutions (Fig.
11). The results were that more than 80% of activity remained in glycerin, 1,3-
butylene glycol, and propylene glycol. These three polyols increased the stability
of modified Bioprase more effectively, but dipropylene glycol had a little stabiliz-
ing effect. Accordingly, glycerin, 1,3-butylene glycol, or propylene glycol should
be added to further stabilize the modified Bioprase.

Surfactant is an essential component in skin care cosmetics, especially in a
skin cleanser, although it is well known to be a denaturing reagent against protein
[20]. Thus, it is also important to investigate the effect of surfactants on the sta-
bility of the modified protease. As shown in Fig. 12, nonionic surfactants did not
affect the stability of the modified Bioprase, while anionic surfactants reduced the
stability. Accordingly, nonionic surfactants are preferable to anionic surfactants
for this purpose.

Finally, based on the results of the experiments carried out with the simple
buffer system, two cleansers, a cleansing cream and a cleansing lotion, were pre-
pared, and the stabilities of modified Bioprase in those products were tested. The
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FIGURE 11 Increase of the stability of modified Bioprase by addition of poly-
ols. Stability of modified Bioprase with PEG-MA(33, 8) was evaluated at 40°C.
Control experiment was carried out in the absence of any polyols (From Ref.
10.)

Week

Propylene Glycol

Dipropylene Glycol

residual activities of modified Bioprase in these products were over 50% in 1
week, while almost all activities of the native Bioprase in both preparations were
lost within 1 week. This result is consistent with the results obtained with a sim-
ple buffer system, and shows that the modified Bioprase is more stable than the
native Bioprase in a product preparation as well as in a simple buffer system.

5.5 Activity of Modified Bioprase

To confirm whether the modified Bioprase with improved stability also main-
tained the protein hydrolytic function, the keratin and sweat protein hydrolytic
activities were measured (Fig. 13). Modified Bioprase could degrade the keratins,
although it displayed a slightly lower keratin hydrolytic activity than the native
one, due to steric hindrance by the modifier located on the surface of Bioprase
molecule. However, the activity displayed is sufficient for a skin cleanser because
almost all of the main keratin bands disappeared. In contrast to the slightly re-
duced keratin hydrolytic activity, almost no reduction in the hydrolytic activity
toward sweat proteins was observed, as shown in Fig. 13B. It was presumed that
the surface modifier did not hinder the approach of the modified Bioprase to
sweat proteins, which were lower molecular weight proteins than keratins. These
experiments confirm that the modified Bioprase possesses sufficient hydrolytic
activity toward protein in dirt on the skin surface, confirming the usefulness of
modified Bioprase as an ingredient in skin cleansers.
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FIGURE 13 Hydrolytic activity of modified Bioprase toward keratins (left) and
sweat proteins (right). Modified Bioprase with PEG-MA(33, 8) was used.
(From Ref. 10.)

5.6 Safety Test

In general, chemical modification of protein molecules enables reduction of the
antigenicity of native ones. Indeed, in the field of pharmaceuticals, chemical
modification of protein has been investigated for the purpose of avoiding im-
munological adverse reactions [21]. This characteristic is also desirable for cos-
metic ingredients from the standpoint of safety, a benefit of chemical modification
of protease.

Regarding the modified Bioprase, primary and cumulative skin irritation
tests were carried out (Table 1). The modified Bioprase shows no primary and
slight cumulative irritations, although the native one had mild primary and cumu-
lative irritations. Namely, the irritation of Bioprase was reduced by chemical
modification with the modifier, which has no irritation. The modified Bioprase is
quite useful from the safety viewpoint.

5.7 Use Test

Finally, we investigated the cosmetic effect of continual use of a skin cleanser
containing the modified Bioprase. The results showed that coarse skin became
fine in skin texture after using the skin cleanser containing the modified Bioprase.
The modified Bioprase removed protein in dirt, especially adherent corneocytes
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TABLE 1 Irritation Tests of Native and Modified Bioprases and
the Modifier

Modifiera
Modified
Bioprase Bioprase

Primary (n = 3) No No Mild
Cumulative (n = 5) No Slight Mild

Note: Primary irritation was measured by a closed patch test, and cumu-
lative irritation was evaluated after continual application for 14 days.
aPEG-MA(33, 8).
Source: Ref. 10.

FIGURE 14 Cheek skin replicas before (day 0) and after (days 14 and 28) con-
tinual use of skin cleanser. It contained 0.04% of the modified Bioprase and
24% of polyol. Volunteers washed their face every day with the skin cleanser
containing the modified Bioprase. (From Ref. 10.)

on the top of stratum corneum, and then the rate of epidermal turnover could be
normalized as suggested by Bidmead and Rodger [22]. Normalization of epider-
mal turnover rate allowed recovery of fine skin texture. Again, it is important to
confirm the cosmetic usefulness of product preparation by actual use.

5.8 Summary

In this section, chemical modification of Bioprase was singled out as an example.
The stability of Bioprase was improved by chemical modification with PEG-MA
modifier, and the effect of other ingredients on stability was investigated as well.
Simultaneously, hydrolytic activity, improvement of safety, and cosmetic useful-
ness by actual use were also investigated. Our investigations enable us to develop
new skin cleanser containing enzymes.
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Ohta et al. reported on the chemical modification of esperase, a kind of pro-
tease [23]. Esperase was chemically modified with dextran to improve stability
and to reduce skin sensitization potential. They successfully obtained the dex-
tran–esperase conjugate, investigated the influence of cosmetic ingredients for
further stabilization in cosmetic formulations, and finally prepared the commer-
cial product. Their strategy and the results obtained were similar to those de-
scribed in this paper.

6 OTHER ENZYMES

In this chapter, we have focused on the protease as an enzyme in skin cleanser.
However, besides protease, some other enzymes are proposed as an effective in-
gredient of skin cleanser.

Lipase is one such useful enzyme. This enzyme hydrolyzes triglyceride to
diglyceride, monoglyceride, and finally to free fatty acids. On the skin surface,
especially on the face, sebum is one of the main components of the dirt, and lipid
is oxidized, generating lipid peroxidation which can lead to skin trouble. The ma-
jor component of sebum is triglyceride, which is not easily washed out by deter-
gent compared with diglyceride, monoglyceride, or free fatty acid. The incorpo-
ration of lipase into skin cleanser can improve its efficacy in washing out fatty dirt
on the skin surface.

Lysozyme, usually extracted from egg white, is a bacteriolyzing enzyme
through the cleavage of polysaccharide of plasma membrane of bacteria. Its ac-
tivity can be measured by the tubidimetric assay of Micrococcus lysodeikticus. In
a skin cleanser, this enzyme could impart antibacterial and anti-inflammatory ef-
fects.

Superoxide dismutase (SOD) is an enzyme quenching the reactive oxygen
species; SOD catalyzes the dismutation of superoxide anion (O2

–) into oxygen
and hydrogen peroxide to protect cells against toxic reactive oxygen species. Be-
cause superoxide anion can react with various materials, including protein and
lipid, and such an oxidized material may act as a skin irritant, it is important to
prevent the oxidation of the dirt on skin surface and to maintain personal skin hy-
giene.

7 FUTURE

Enzymes are protein, which means that they have low stability but unique action.
Therefore, stabilization of enzymes is key to their incorporation into skin
cleansers or other cosmetic products. In the near future, it will be possible to in-
clude the various enzymes into a skin cleanser due to the progress in enzyme sta-
bilization itself, pharmaceutical technology, formulation of cleansers, and manu-
facturing methods. The development of new cosmetic products, including skin
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cleansers containing enzymes, will depend on the progress of all these aspects of
cosmetic science.
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1 INTRODUCTION

Historically, the primary purpose of cleansing has been to achieve cleanliness and
freshness by removing oily soils from face and body. Hygienic benefits of cleans-
ing have also been recognized for a very long time. While soap-like materials for
cleansing have been around as early as 2500 BC [1], soap itself is believed to
have been invented sometime around 600–300 BC [2]. The first industrial type
manufacturing of soap in an individually wrapped and branded bar form was in
1884 in England [2]. The desire for cleanliness and freshness coupled with the
sensory pleasures and health benefits has driven the growth of soap in the 20th
century [3]. Thus, deodorant soaps grew from a desire for health and hygiene ben-
efits. The beauty segment, on the other hand, grew from a desire for beautiful skin
coupled with the sensory pleasures of cleansing using cleansing bars of different
colors, fragrances, and shapes [3].

With increasing use of soaps, awareness of soap-induced skin irritation,
itching, dry skin, and other potential effects also increased. This led to an in-
creased desire on the part of the consumer to have mild cleansing bars. Introduc-
tion of synthetic detergents into the cleansing arena in 1948 made it possible to
develop cleansing bars that were demonstrably milder than soaps [3]. These bars
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provided superior skin care benefits as well as unique sensory cues. This was the
first step toward providing skin care benefit from cleansing systems.

The mild cleanser segment has grown over the years with increasing inter-
est in achieving skin functional benefits, especially moisturization, from wash-off
systems. Availability of novel chemicals such as milder surfactants and polymers
coupled with an understanding of cleanser-induced changes in skin have led to
novel approaches in delivering skin care benefits from cleansers. Introduction of
new product forms such as liquid cleansers and nonwoven fabrics have made it
easier to deliver skin care benefits from wash-off systems.

The focus of this chapter is on moisturization from cleansers. Specifically,
the focus will be on how cleansers affect skin moisturization, how critical it is to
prevent/minimize cleanser-induced damage as a first step toward achieving mois-
turization from cleansers, and finally how to deliver moisturization benefit from
cleansers.

A schematic of the evolution of the skin-cleansing technology from the ba-
sic soap to syndet bars with moisturizing creams and shower gels that provide
positive skin care benefits is given in Fig. 1.

2 SKIN MOISTURIZATION

In a simplistic sense, skin moisturization implies maintaining a certain level of
hydration in skin that will allow it to retain its normal viscoelastic properties [4].
This will ensure adequate extensibility and flexibility for the movement of skin.

FIGURE 1 Schematic of the evolution of personal cleansing technology. 
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Absence of moisturization, on the other hand, is a state of skin that can manifest
in a variety of forms including a sensation of after-wash tightness (AWT), lack of
flexibility/extensibility, visible dryness (skin whitening), skin roughness, scaling,
cracking, and ultimately irritation in the form of visible erythema, and itching.
Thus there are emotional, tactile, and visual manifestations of absence of skin
moisturization.

Stratum corneum upper layers contain about 15% water, 65–75% proteins,
and 10–15% lipids [5]. Most of the water in the corneum is present as water
bound to the proteins. Water level changes markedly with depth in the corneum,
increasing to levels as much as 40% at the innermost level [6]. Water content of
the corneum can vary markedly with changes in the relative humidity [6], water
binding capacity of corneum proteins, concentration of natural moisturizing fac-
tors (NMFs), and the integrity of the barrier lipids [7]. The NMFs in the corneum
include short chain amino acids (40%), pyrrolidone carboxylic acid (12%), lac-
tate (12%), urea, (7%), and Na/Ca/K/Mg phosphate/chloride (18.5%) [8]. Stra-
tum corneum lipids, in addition to being a water barrier, also play an important
role in maintaining its elasticity. Moisturization technology in the leave-on skin
care area usually involves a combination of actives such as humectants that
increase water-holding capacity of the corneum, emollients that form a light
lubricant coating, and occlusives that provide an external water barrier film on
skin. Thus, a moisuturizer provides several positive benefits to improve the skin
hydration and alter the unpleasant tactile and visual manifestations of skin
dryness.

Cleansers are designed to remove oily soils, dirt, sweat, and sebum from
skin. This is achieved through the use of surfactants that aid in the uplifting of dirt
and solubilization of oily soils including sebum. In addition to removal of un-
wanted materials from skin, the cleansing process also helps the normal exfolia-
tion process by removing the dead skin cells, leading to rejuvenation of the skin.
These beneficial effects can, however, be accompanied with other interactions
with the corneum that can be deleterious to skin. For example, cleanser surfac-
tants can bind to stratum corneum proteins leading to a reduction in their ability
to bind and hold water [9,10]. Surfactants can also cause dissolution of fluid skin
lipids during cleansing [11] or alterations to the lipid layers by adsorption and in-
tercalation into lipid layers [12–14]. In addition, washing with cleansers can also
lead to a reduction in the level of NMFs in skin [15,16]. All these factors that re-
duce the water content of skin can lead to changes in the viscoelastic properties of
skin and this in turn can manifest as after-wash tightening of skin [17]. Continued
use of such cleansers can lead to dry skin, barrier damage, and erythema. Thus, in
a simplistic sense, while cleansers have the potential to negatively impact the hy-
dration and viscoelastic properties of skin, a moisturizer is expected to improve
such conditions. In the case of cleansers, minimizing the damaging/deleterious
effects leading to dry skin and erythema is the first step toward moisturization.
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Most cleansers currently available in the marketplace make claims of mois-
turization based on minimizing damage. Limited ones have begun to combine the
minimizing damage concept with positive skin benefits by depositing moisturiz-
ing agents on skin. This is clearly in the direction of positive skin moisturization.
Several excellent reviews have appeared recently on mechanistic aspects of
cleanser-induced damage to stratum corneum [4,18–22] and therefore this chap-
ter will have a limited discussion on the damage itself and focus more on current
approaches to minimizing the deleterious effects of cleansers and providing mois-
turization benefits.

3 EFFECTS OF CLEANSERS ON STRATUM CORNEUM

3.1 Stratum Corneum Structure

Stratum corneum, the upper most layer of the skin, is a nonliving layer consisting
of proteins, lipids, and water. The proteins and lipids in the corneum are orga-
nized in a brick and mortar–like structure with protein (corneocyte) bricks em-
bedded in a lipid mortar phase [23]. Available data seem to support the notion of
two types of lipids, specifically, relatively fluid lipids as well as covalently bond-
ed relatively rigid lipids in the matrix [24,25]. Available ESR and DSC data seem
to support the presence of complex lipid domains in the stratum corneum [26].
Corneocytes with a keratin envelope and NMFs (e.g., pyrrolidone carboxylic
acid, urea, lactic acid, short chain amino acids) within them have the potential to
bind water molecules to keep the skin moisturized [27]. Corneocytes in different
layers are also linked to each other through membrane protein links referred to as
desmosomes [28]. As a part of the normal desquamation process, desmosomes
are degraded by protease enzymes present in the upper layers of skin [29]. In
healthy skin, the corneum is renewed about every two weeks and this process of
desquamation requires a certain level of hydration of the skin.

3.2 Surfactant Interactions with Stratum 
Corneum Proteins

Interactions of cleanser surfactants with stratum corneum proteins and model pro-
teins have been studied extensively in the past [30–38]. Typically, anionic surfac-
tants, because of their excellent foam and lather characteristics, find use as pri-
mary surfactants in cleansers. Liquid cleansers often have a combination of
anionic and amphoteric surfactants. Nonionic surfactants also find limited appli-
cation, mostly in combination with anionic or amphoteric surfactants. In general,
the tendency of surfactants to interact with proteins follow the following order:
anionic surfactants > amphhoteric surfactants > nonionic surfactants. Typical an-
ionic surfactants used in cleansers include soaps (salts of fatty acids), synthetic
surfactants such as alkyl ether sulfates, alkyl acyl isethionates, alkyl phosphates,
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and alkyl sulfonates. The binding tendency of anionic surfactants to proteins fol-
low the order sodium lauryl sulfate (SLS) = sodium laurate >> monoalkyl phos-
phate (MAP) > sodium cocoyl isethionate [19,37]. Recently, Imokawa has shown
that in studies using Yucatan microswine in vivo, the binding of surfactants upon
exposure at 100 mM level for 30 min at 30°C follow the order soap > SLS >>
MAP > sodium cocoyl isethionate (SCI) > triethanolamine N-lauroyl β-amino-
propionate (LBA) [19]. In general, for a given chain length surfactant, the larger
the headgroup size, the lower is its binding to proteins. Thus, ethoxylated alkyl
sulfates tend to have lower binding to keratin compared to the corresponding
alkyl sulfates [31]. For a given surfactant headgroup, there is an optimum chain
length for maximum binding, and this governed by a balance between surfactant
solubility in the aqueous phase and its surface activity [30,38]. This optimum for
most surfactants at room temperature is around C12. Even though the higher chain
length surfactants have higher surface activity, because of their limited solubility
their binding is limited. At higher temperature, increased solubility of higher
chain length surfactants can increase their binding.

Surfactants that tend to bind strongly to corneum proteins, in general, have
a higher potential to cause significant protein denaturation leading to barrier dam-
age, erythema, and itching. Some of the common approaches to lowering the ten-
dency of anionic surfactants to bind to proteins are (1) increase in the size of
head/polar group of the surfactant [31,39] and (2) use anionic surfactants with
amphoteric or nonionic surfactants [40]. A typical example of modulating the ac-
tivity of sodium lauryl ether sulfate (SLES) by adding an amphoteric surfactant,
cocoamido propylbetaine (CAPB) is shown in Fig. 2 in terms of the solubility of
a corn protein, zein. The ability of a surfactant to dissolve zein has been used as a
measure of its irritation potential [41]. Thus, in this example, there exists a certain
ratio of SLES to CAPB where the dissolution of zein is minimum and this coin-
cides with the minimum in the critical micelle concentration (CMC) of these
mixed surfactants. The commonly accepted hypothesis for the reduced binding of
the anionic surfactant in the presence of amphoteric or nonionic co-surfactant is
the competition between binding and co-micellization for monomers that tend to
favor co-micellization in the presence of lower CMC surfactants. Thus, at a given
level of anionic surfactant, addition of lower CMC surfactant whether it is non-
ionic, amphoteric, or even anionic can result in reduced irritation [18]. These ef-
fects can often be synergistic since co-micellization is often synergistic, resulting
in CMC values that are lower than the CMC of either surfactant.

Surfactant binding to protein can significantly affect the water-binding and
-holding capacity of proteins. Several studies show that surfactant solutions cause
swelling of the corneum [42] and this effect saturates at about the CMC of the
surfactant, suggesting that the swelling is controlled by surfactant monomers
[42]. The swelling itself is due to increased water uptake resulting from an in-
crease in the net negative charge of the protein because of surfactant binding.
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FIGURE 2 Solubility of zein, a corn protein, showing a minimum as a func-
tion of composition of anionic-amphoteric (sodium lauryl ether sulfate-
cocoamidopropyl betaine) surfactant mixtures. Past work [41] has shown
that the tendency to dissolve zein is a reflection of the irritation potential of
surfactants.

This increased water uptake may appear to be rather contrary to the intuitive no-
tion that harsh surfactants tend to reduce the water-binding capacity of the
corneum. Note that this hyperhydration effect is rather transient occurring imme-
diately after exposure to surfactant solution. As the water evaporates with time af-
ter wash, re-equilibration of the skin to hydration levels that are actually below
the surfactant pre-exposure levels takes place [10,43]. The latter is thought to be
due to the reduced water-binding capacity of the proteins because of surfactant
adsorption to protein hydration sites as well as loss of water-holding NMFs dur-
ing wash. The effect of this on after-wash tightness is examined in a later section.

3.3 Surfactant Interactions with Stratum 
Corneum Lipids

Similar to the case of proteins, surfactant interactions with skin lipids has also
been a subject of extensive study [5,11,18,19,44–48]. While the binding of
cleanser surfactants to proteins is well recognized as a potential problem that can
lead to skin irritation and barrier damage, the role of surfactant interactions with
lipids and their effects on skin condition has been a rather controversial one
[19,44–49]. It has been suggested that surfactants above their CMC cause some
delipidation of the corneum by solubilization of the lipids in surfactant micelles
[11,19]. Selective removal of certain components such as cholesterol, ceramides,
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or fatty acids can alter the optimum levels of various lipids required to maintain a
healthy corneum. Subramanyan et al. have shown that washing skin with a
cleanser base (anionic/amphoteric surfactant mix without any moisturizing ingre-
dients) can cause reduction in levels of fatty acids and cholesterol in skin even af-
ter a single wash [50]. Rawlings et al. showed that in the case of soap-induced
winter xerotic dry skin, ceramides decreased with severity of xerosis grades [47].
The latter may have a biochemical origin rather than be due to removal of lipids
since ceramides are not likely to be extracted from skin under wash conditions
[51]. An alternative view is that surfactants, especially anionic surfactants, adsorb
and intercalate into the lipid structure leading to increase in bilayer permeability
and destabilization of the bilayer structure [12–14,52]. It has been shown that the
tendency of surfactants to intercalate into a model lipid bilayer structure is very
much governed by the hydrophobicity of the surfactant [14]. Surfactant charge
also can play an important role in the destabilization of the bilayer structure. Yet
another view is that the surfactants alter the biological lipid biosynthetic process
leading to changes in the relative levels of various lipids. [18].

Relative tendencies of surfactants to interact with proteins and lipids are not
necessarily the same. For example, in general, anionic surfactants tend to interact
strongly with proteins as well as cause some delipidation. Nonionic surfactants,
on the other hand, exhibit minimal interactions with proteins, but have the poten-
tial to cause delipidation. Relative tendencies of SLES, CAPB, dodecyl dimethyl
amine oxide (DMAO), and a sugar-based nonionic surfactant, APG, to solubi-
lized stearic acid under controlled conditions is shown in Fig. 3. Clearly, nonion-
ic surfactants have a higher tendency to dissolve fatty acids than anionic surfac-
tants and this may translate to higher delipidation of skin if nonionic surfactants
are incorporated into a cleanser. In a mixed surfactant system, however, such ef-
fects can be modulated by choosing appropriate co-surfactants.

In vitro experiments by Froebe et al. determined the amount of lipid re-
moved by anionic surfactants such as sodium lauryl sulfate and linear alkyl ben-
zene sulfonate at levels in the range of 0.01 to 2% [51]. The results obtained
showed that the surfactants removed lipids only above the surfactant CMC and
that the amount of lipid removed as a fraction of the total lipid in the corneum was
relatively low even at 2% level of the surfactant. Froebe et al. also showed that
SLS and LAS can induce erythema at levels well below the surfactant CMC.
Based on these results the authors have argued that lipid removal does not play a
role in the induction of erythema [51]. Imokawa et al. in in-vivo studies showed
that SLS at 5% level can cause significant lipid depletion even at contact times as
short as 1 min [11]. Lipid analysis showed that SLS treatment led to selective re-
moval of cholesterol, cholesterol ester, free fatty acid, and sphingolipids. Trans-
mission electron microscopy pictures of skin biopsy samples showed the absence
of intercellular lamellae after the SLS treatment. According to Imokawa, there is
a close relationship between the potential for removing intercellular lipids and the
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potential to induce skin roughness for several anionic surfactants. Imokawa also
investigated the effect of two daily topical applications of four chromatographi-
cally separated fractions from the stratum corneum lipids (cholesterol ester, free
fatty acids, cholesterol, and sphingolipids) from the stratum corneum lipids on
SLS-damaged skin [11]. The results showed that cholesterol ester and sphin-
golipids induced a significant increase in conductance, whereas treatments with
cholesterol and fatty acids did not effect a significant increase in conductance val-
ue. Abraham [20] has argued that the increased water retention is possibly due to
glycolipids rather than stratum corneum lipids since endogeneous lipids of stra-
tum corneum are not capable of holding water. While the latter comment is a
valid one, it is not clear if the observed effects are necessarily due to the water-
holding capacity of the lipids or because of the improved barrier repair properties
of the applied lipids.

While the importance of lipid removal by surfactants and its role in
cleanser-induced changes in skin condition may be a matter of debate, the role of
lipids in maintaining the barrier function is better established [53]. For example,
Grubauer et al. using acetone- and petroleum ether-extraction procedures for re-

FIGURE 3 Lipid dissolution tendency of various surfactants as indicated by
their ability to dissolved stearic acid. Total surfactant = 2%; stearic acid = 1
mg. Contact time, 5 minutes. Clearly nonionic surfactants seem to dissolve
more fatty acid than anionic surfactants reflecting their high defatting ten-
dency. SLS, sodium lauryl sulfate; SLES, sodium lauryl ether sulfate; CAPB,
cocoamido propyl betaine; DMAO, dodecyl dimethyl amine oxide; APG, alkyl
poly glucoside. 
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moving lipids from hairless mice skin showed that there exists a linear relation-
ship between total lipid content of the corneum and the stratum barrier function
[53]. Based on the trans-epidermal water loss (TEWL) differences between ace-
tone- and petroleum ether–extracted sites, the authors have hypothesized that
while the total lipid content is important, removal of sphingolipids and free
sterols lead to a more pronounced level of barrier breakdown.

3.4 Clinical Manifestations of Cleanser-Induced
Effects on Skin

It is clear from the preceding discussion that several factors contribute to
cleanser-induced skin damage. In addition to cleansers, factors such as age, ge-
netic conditions, nutrition, weather, and other environmental factors also influ-
ence skin condition. A schematic diagram of factors that can lead to skin damage
is shown in Fig. 4. In general, a combination of these factors can lead to increased
damage, and the use of harsh cleansers will aggravate the situation even further.
The emphasis here will be on cleanser-induced damage.

3.4.1 After-Wash Tightness

Harsh cleansers such as soaps induce perceivable skin tightness compared to mild
syndet surfactant-based cleansers [54]. Factors that cause skin tightness, a sensa-

FIGURE 4 Schematic diagram of factors that contribute to skin dryness, irri-
tation, and itching. While any one of the factors such as cleanser, weather,
poor nutrition, genetic factors, or UV damage can lead to skin problems, a
combination can significantly increase the potential for skin problems. 

Aberrant Desquamation
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tion that manifests about 5 to 10 min after wash with a cleanser, have been linked
to stresses created in skin because of rapid evaporation of water from surface lay-
ers. As mentioned earlier, treatment with harsh surfactants can actually lead to
hyperhydration immediately after wash, followed by rapid evaporation of water
to equilibrium values that are below the presurfactant treatment levels [19]. This
hyperhydration coupled with lower equilibrium hydration levels sets up a higher
rate of evaporation, and this creates a differential stress in the upper layers lead-
ing to AWT. The hyperhydration itself is possibly due to surfactant-induced cor-
neocyte swelling, which in turn is linked to surfactant binding to proteins. The re-
duction in equilibrium levels of water in skin, on the other hand, is possibly due
to loss of NMFs as well as reduction in water-binding capacity of keratinous pro-
teins. Results reported in the literature seem to indicate that the tendency to cause
skin tightness parallels both lipid removal as well as binding to proteins [19]. The
correlation between tightness and NMF removal appears to be rather weak com-
pared to surfactant binding to proteins [19]. According to Imokawa, skin lipid re-
moval enhances the tightness but is not essential for tightness [19].

3.4.2 Skin Dryness, Scaling, and Roughness

It is well recognized that harsh cleansers such as soaps can induce dry skin lead-
ing to scaly rough skin. Note, however, that irritation is not a prerequisite for skin
dryness [22]. In fact, some of the lipid solvents such as alcohols, acetone, [55]
and even some nonionic surfactants that cause minimal or no irritation can cause
significant dry skin. Thus there may be a link between lipid removal and dry skin.
These effects may be much more acute during winter months and low humidity
conditions. This is not unreasonable since changes in skin elasticity at tempera-
tures below the glass transition temperature of skin lipids make the corneum more
vulnerable to chapping/cracking, leading to barrier breakdown. Similarly, water
being an excellent plasticizer of skin, under low humidity conditions, glass tran-
sition temperature of skin decreases markedly, making the corneum more suscep-
tible to cracking. Thus a combination of harsh cleanser use, cold temperatures,
and low humidity make the conditions ideal for dry skin.

Increase in visible skin dryness has been found to exhibit a positive correla-
tion with surface hydration, but not necessarily with an increase in TEWL. This
clearly suggests that significant barrier breakdown is not a requirement for skin
dryness. Continued increase in dryness to values above a certain level may, how-
ever, lead to cracking and chapping leading to a barrier breakdown and eventual-
ly to irritation.

3.4.3 Skin Irritation

Harsh surfactants that can cause significant barrier damage have the potential to
cause skin irritation, erythema, and itching. Erythema and itching are basically
inflammatory responses to penetration of a foreign substance such as surfactant.
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It is not necessary that surfactant has to penetrate into dermal layers to elicit a re-
sponse. Communication via production of cytokines can also elicit a response
from the dermis.

Harsh soaps and soap-based liquids have the potential to cause skin irrita-
tion and itching. Most of the currently available syndet surfactant-based cleansers
are formulated to be significantly milder than soap and cause considerably less ir-
ritation and itching under normal use conditions.

Irrespective of the exact mechanisms involved in AWT, skin dryness/
roughness, and irritation—a moisturizing cleanser would be expected to prevent/
minimize/eliminate these effects. Thus in the case of cleansers, preventing and/or
minimizing damage is clearly the first step toward providing moisturization ben-
efits from a cleanser.

4 MOISTURIZING SYNDET BARS VERSUS SOAP

It is clear from the analysis so far that a mild moisturizing cleanser should have
relatively mild surfactants that exhibit minimal or no interaction with skin pro-
teins and lipids. In the evolution of cleansers, syndet bars clearly represented a
distinctly different class of mildness in the cleansing arena [56]. Syndet bars uti-
lized sodium cocoyl isethionate, a milder surfactant compared to soap with car-
boxylate functionality. As mentioned earlier, soaps bind much more strongly to
skin proteins than SCI [19,37]. Syndet bars are also formulated at a neutral pH,
which can cause only minimal damage to skin lipids [57]. Furthermore, moistur-
izers in the syndet bar help enhance their mildness.

Mildness benefits of syndet bars over conventional soap have been demon-
strated by a variety of in vivo methodologies under different degrees of exagger-
ated washing conditions. These frequently used tests include soap chamber [56],
flex wash [58], arm wash [59], and forearm controlled application technique
(FCAT) [60,61]. In several of the examples of comparisons of syndet bar and
soap in the following sections of this chapter have been generated using bar com-
positions shown in Table 1. Results demonstrating superiority of a syndet bar ver-
sus a soap bar in such controlled use tests are also shown in Table 1.

Mildness of syndet bars is also reflected in improved viscoelastic properties
of skin compared to those achieved by soap bars. For example, using a newly de-
veloped instrument, the Linear Skin Rheometer, that is considered to be more
sensitive to upper layers of the corneum [62], our recent in vivo results (Fig. 5)
show that the syndet bar leaves the skin in a softer and less stiff state compared to
soap bars [63]. Extensibility of human corneum after exposure to bar slurries and
a delipidating solvent (acetone) measured using a Miniature Mechanical Tester
(Fig. 6) also show that the syndet bar–treated corneum behaves similar to water
treatment, whereas the soap treatment leads to cracking of the corneum.
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FIGURE 5 Linear Skin Rheometer measurements of changes in skin after a
single wash with water, soap bar, or syndet bar showing that the syndet bar
enhances skin softness and reduces stiffness. *p < 0.05; ^directionally differ-
ent from baseline (p = 0.06). 

FIGURE 6 Force–deformation plots for human stratum corneum samples
treated with water, acetone, soap bar, or syndet bar tested using a miniature
mechanical tester. Samples soaked in the respective slurries/solutions for 
1 hr and rinsed thoroughly prior to testing. Soap makes stratum corneum
more brittle, a behavior similar in pattern to that of acetone. In contrast, syn-
det bar–treated corneum samples appear to be closer to water-treated sam-
ples.
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4.1 Skin Ultrastructural Changes Induced by Soap
Versus Syndet Bars

As stated earlier, common soaps consist of surfactants having carboxylate head-
groups, and these are somewhat analogous to the harsh SLS and therefore have
the potential to cause significant damage to proteins and lipids leading to irrita-
tion and itching. Cleanser-induced changes in the ultrastructure of the corneum is
a powerful method to assess the nature and extent of damage that a cleanser can
impart [11,64]. Recently, using an ex vivo arm wash methodology (Fig. 7)
[64,65] in combination with TEWL measurements, environmental scanning mi-
croscopy (ESEM) and TEM have been used to compare the ultrastructure of hu-
man skin after multiple washes with a soap bar and a syndet bar. Results repro-
duced in Fig. 8 from Misra et al. [65,66] show changes in TEWL after 15 washes
with soap and syndet bars. Corresponding changes in the surface morphology of
skin obtained using ESEM is shown in Fig. 9. Clearly, these results show the sig-
nificant increase in TEWL and uplifting of cells in the soap-washed sample. In

FIGURE 7 An ex vivo arm wash set-up. Wash protocol: wash cadaver skin
with lather for 2 min; rinse for 15 s (rinse water temperature 38°C); measure
TEWL using evaporimeter; punch biopsy samples for TEM and ESEM analy-
ses. (From Ref. 64.) 
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FIGURE 8 Change in TEWL of human skin after 15 washes with water, syndet
bar, and soap bar. Inset shows the zein dissolution by the same products il-
lustrating how protein dissolution correlates with the changes in TEWL. 
n = 9; 15 2-min washes; 25°C and 30% RH; rinse temperature 40°C. (From 
Ref. 65.) 

contrast, syndet-washed samples showed much less increase in TEWL with no
signs of uplifting of cells. The TEM results given in Fig. 10 showed significant
damage to both lipid and protein regions after the soap wash. In contrast, under
the same conditions the syndet bar–washed skin showed well-preserved lipid and
protein regions. These results also show a good correlation between high TEWL
and damage to corneum ultrastructure. Interestingly, a nonionic surfactant-based
cleanser wash resulted in disrupted lipid region with much less damage to pro-
teins [65]. Even though these represent rather exaggerated conditions, they clear-
ly demonstrate the potential for damage from soap systems. These results are con-
sistent with well-accepted mildness of syndet bars over soap bars.

4.2 Deposition of Skin Lipids from Syndet Bars

One of the reasons for the mildness of syndet bars has been the incorporation of
moisturizing cream in the bar. A key component of the moisturizing cream is long
chain fatty acids similar to the fatty acids present in skin. Presence of fatty acids
can minimize the lipid damage by two different mechanisms. Fatty acids can ac-
tively deposit onto skin during wash to replenish the fatty acids that are lost dur-
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FIGURE 9 TEM pictures of stratum corneum of cadaver skin that has been
washed 15 times with (a) water, (b) synder bar, (c) Glycerin-Nut Oil Bar, (d)
nonionic surfactant–based liquid cleanser, and (e) soap bar. Soap shows
maximum damage to both proteins and lipids; nonionic surfactants shows
significant damage to lipids; syndet bar shows well-preserved lipids; glyc-
erin bar shows some damage to lipids. (From Refs. 65 and 66.) 

ing the wash process. Fatty acids also can minimize the lipid depletion by the sur-
factant micelles by acting as sacrificial lipids to saturate the micelles. While the
relative roles of these two mechanisms are not fully established, it has been
shown that these mild syndet bars do deposit fatty acids during wash conditions
[67]. In this study, deuterated fatty acids were used to distinguish the deposited
fatty acids from those present in skin. Specifically, 11 subjects rubbed a wet bar
on their forearm for 10 s and the lather was allowed to remain on the skin for an-
other 10 s. This was followed by a 15-s rinse under running water at a tempera-
ture of 95–100°F. The forearm was patted dry using a soft disposable towel. After
an hour, 20 sequential tape-strip samples were taken and analyzed using a GC-
MS procedure. Results obtained showed that fatty acids from the syndet bar de-
posits at a level of about 1 to 2 micrograms/cm2 during wash. Importantly, deuter-
ated fatty acid was detected even at a depth of 20 tape strips. Results for the first
10 tape strips are given in Fig. 11. It is not clear if the deposited lipids actually got
incorporated into skin lipids or they remained as deposits that simply fill the
crevices and cracks, thus preventing the water loss and allowing skin to maintain

Non-ionic Surfactant
Based Cleanser
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FIGURE 11 In vivo deposition of stearic acid after wash with a syndet bar
containing fatty acids as beneficial lipids. n = 11. Study using deuterated
stearic acid. Wash protocol: 15 s rubbing of the bar on forearm, 15 s lather re-
tention on skin, 15 s rinse under running water, pat dry. Tape strip extraction
after 1 h. Analysis using GC-MS technique. (From Ref. 67.) 

its moisture levels. In any case, the cleanser induced changes of skin ultrastruc-
ture discussed earlier using this moisturizing syndet bar versus soap suggest that
the lipids are well preserved in the case of the syndet bar even after exaggerated
wash conditions.

An attempt to determine if the lipids that can be deposited from a syndet bar
can alter the state of skin lipids was tested using ESR spectroscopy [68]. In this
study, human stratum corneum was first exposed to a nitroxide spin probe that
mimics fatty acids (doxyl 5-stearic acid) and a spectrum was obtained. This was
followed by immersion of the corneum in a syndet or soap bar slurry for 1 min.
This was followed by a rinse to mimic regular wash and then the ESR spectrum
was obtained. Results given in Fig. 12 show that the untreated corneum has two
lipid regions, one corresponding to relatively fluid lipids and the second to a rigid
lipid region. This is consistent with the DSC results, which also showed two lipid
transitions in the corneum. Importantly, the syndet bar slurry–treated corneum ap-
pears to have a more fluid lipid region compared to the soap-treated corneum (see
Fig. 13). Even though this does not represent actual wash conditions, the results
indicate that the cleansers with moisturizing lipids have the potential to fluidize
the skin lipids. These types of studies to understand the molecular level interac-
tion of deposited lipids on skin are important to establish the fate of beneficial
agents deposited on skin.
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FIGURE 12 ESR probe, doxyl stearic acid, shows a sharp spectrum in a fluid
lipid environment and an uneven spectrum in rigid environment; Stratum
corneum shows presence of two types of lipid regions, rigid and fluid. (From
Ref. 68.) 

4.3 Liquid Cleansers

The introduction of liquid cleansers in the 1990s clearly offered new opportuni-
ties for formulators to make the systems significantly milder than bars. Since Liq-
uid systems have significantly less processing problems, it was possible to select
surfactants and surfactant mixtures from a much wider choice of surfactants to
provide enhanced mildness benefits. Liquids technology also allowed deposition
and delivery of beneficial agents to skin from a wash-off system. Thus, borrowing
technology from shampoo systems that allow deposition of conditioning materi-
als such as silicone oils onto hair, deposition and delivery of emollients and oc-
clusive from wash-off systems using polymeric deposition aids have become a re-
ality. Liquids technology allow deposition of beneficial agents at a much higher
efficiency than the current bar technology. This advancement has made it possible
to consider deposition/delivery of moisturizing ingredients from wash-off sys-
tems. Specifically, deposition of emollients, occlusives, and humectants under
wash-off conditions can lead to delivery of moisturization benefits from
cleansers. Some of the leading liquid cleansers in the market contain skin lipids,
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vegetable oils, petrolatum, emollient alcohols, and glycerol as beneficial agents
for skin. The market is continuing to explode with activity with a variety of nov-
el combinations of ingredients and novel skin care claims from wash-off systems.

Liquid cleansers can be designed to deposit beneficial lipids such as choles-
terol and fatty acids during wash. Recently, Subramanyan et al. conducted a clin-
ical study to determine the deposition of fatty acids and cholesterol deposited
from a liquid shower gel during a single wash [50]. Main ingredients in the body
wash were sodium cocoyl isethionate, sodium laureth sulfate, cocamidopropyl
betaine, glycerin, stearic acid, and lanolin alcohol. The lipids in the product were
tracked on skin by deuterium labeling to distinguish them from the lipids that nat-
urally occur in skin. Results indicated that during cleansing with the base cleanser
without the beneficial active ingredients (stearic acid and lanolin alcohol), signif-
icant amounts of endogenous cholesterol and stearic acid were removed from the
stratum corneum, and the marketed cleansing product containing the beneficial

FIGURE 14 Stearic acid extracted from skin using 1:1 IPA/methanol mixture
after wash with various shower gels. Baseline shows the level of extractable
stearic acid in the corneum. A comparison of the control wash with baseline
shows a reduction in extractable stearic acid indicating that the cleanser has
removed a certain level of stearic acid from the corneum. Comparison of
product with stearic acid and the baseline shows a higher level of extractable
stearic acid after the product wash. Since this was done using deuterated
stearic acid, active deposition could be estimated and this is also shown in
the figure. (From Ref. 50.) 
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FIGURE 15 Cholesterol extracted from skin using 1:1 IPA/methanol mixture
after wash with various shower gels. Baseline shows the level of extractable
cholesterol in the corneum. Comparison of control wash with baseline
shows a reduction in extractable cholesterol showing that the cleanser has
removed a certain level of cholesterol from the corneum. Comparison of
product wash with the control wash shows a higher level of extractable cho-
lesterol after the product wash. Since this was done using deuterated cho-
lesterol, active deposition could be estimated and this is also shown in the
figure. (From Ref. 50.) 

agents actively replaced about 50–60% of the cholesterol and stearic acid (see
Fig. 14 and 15).

Recently a dual formula body wash was introduced with skin nourishing
claims. This shower gel with a unique dual chamber packaging has been shown in
in vivo studies to deposit about 10 µg/cm2 of triglycerides and 0.6 µg/cm2 of cho-
lesterol onto skin during wash [69]. Clearly the level of deposition of triglyc-
erides from this system is significantly higher than that from bars, demonstrating
that liquid cleanser technology allows deposition of materials at much higher lev-
els than bars. In separate autoradiography experiments using cadaver skin, it has
also been shown that the deposited triglycerides penetrate several layers into skin
(Fig. 16) [70].

Progress in liquid cleanser technology will continue to occur in the coming
years. The success of the technology will depend upon how effectively the depo-
sition and delivery of beneficial agents can be balanced against the ability of the



427Moisturizing Cleansers

FIGURE 16 In vivo deposition of triglycerides from a commercial dual cham-
ber shower gel. Penetration profile of triglyceride determined using cadaver
skin. (From Ref. 70.) 

cleanser to provide freshness and cleanliness with the desired in-use sensory and
lather properties.

5 SUMMARY

Cleanser technology has come a long way from their primary purpose of remov-
ing oily soil, dirt, and bacteria from skin to providing skin mildness and moistur-
ization benefits. Soap-based cleansers have the potential to interact with skin pro-
teins and lipids leading to dry skin and irritation. The first step toward providing
skin care benefits from wash-off systems is to minimize damage to skin by
cleansers. A clear understanding of the potential damage that can be induced by
cleansers provides a road map to minimize damage and begin to examine oppor-
tunities to deliver moisturization benefits from cleansers. The introduction of syn-
det bars about half a century ago was a major breakthrough in the direction of
minimizing damage to skin from cleansers. Delivering moisturization benefits
from cleansers is a real technical challenge since this involves actually depositing
and delivering skin care materials under wash-off conditions that are normally
designed to remove materials from skin. New product forms such as liquid
cleansers introduced in the 1990s and nonwoven product technology introduced
recently offer exciting opportunities for delivering moisturization benefits from
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wash-off systems. Skin cleansing products that contain emollients, occlusives,
humectants, and skin nutrients have begun to appear in the marketplace already.
This trend of providing skin care benefits from wash-off systems will continue to
be an area of active research resulting in novel product forms and technologies in
the coming years.
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1 INTRODUCTION

Moisturizers are big business. Consumers spend millions of dollars each year in
search of efficacious products. All one needs to do is scan the monthly “women’s
magazines” to understand that moisturizers of all types—hand and body lotions,
facial moisturizers, and body washes—are being advertised in record numbers.
Approximately 80% of women in the United States use a hand and body lotion
regularly. Products offer benefits ranging from dry skin relief to youthful, less
wrinkled, and firmer skin. Formulations include such ingredients as α- and β-hy-
droxyacids (AHA and BHA), retinols, and seaweed extract. Vitamins are added as
antioxidants and firming agents. It is common knowledge that herbs, long used
for healing purposes, are finding new life in skin preparations [1]. Herbal extracts,
considered by some as good for the inside, are now being used on the outside as
well. Foods have also found their way into moisturizers—soya, whey protein,
oats, sugar, cucumbers, and green tea are but a few of these ingredients. It is pos-
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sible to purchase moisturizers that are fragranced or unfragranced in every color
imaginable.

Products are sold not only in the more traditional locales of supermarkets
and drug, discount, and department stores, but also in mall specialty shops which
provide an endless supply of moisturizing lotions, creams, and body washes of-
fering exotic fragrances in expensive packaging. The internet, the latest shopping
medium, is another source of supply for the consumer’s insatiable quest for new
and different products. To understand more about what will entice the consumer
to actually buy a product, it is up to the testing professional to ascertain their likes
and dislikes.

In the fast-paced environment of the personal care industry, who to test,
what to test, and how to test are conundrums posed daily by many marketing
brand managers. Start-up operations and smaller businesses, some with limited or
no research dollars, may rely on the intuition of a company’s president, marketing
team member, or development chemist as the deciding factor in selecting product
formulas, colors, or fragrances. At more established companies those types of
questions are normally directed to the in-house experts: market research and re-
search guidance testing departments.

Market research is traditionally conducted within a marketing department
which, in turn, usually operates within the corporate headquarters. It explores
such areas as brand awareness, trial and repeat purchase, category segmentation,
habits and attitude studies, advertising effectiveness, and large-scale performance
and acceptance tests for current brands and potential new products. Within the re-
search and development department (R&D), with which the authors are most fa-
miliar, research guidance testing seeks insight into products and prototypes
through the analysis of early-in consumer evaluations and the assessments of
trained descriptive panels. Their main responsibility is to help guide the develop-
ment chemist’s efforts to “build” products that will delight consumers and induce
them to become loyal brand users. Some companies rely more heavily on the in-
sights derived from trained panels because their judgments are free of bias. Oth-
ers lean toward tests with naive consumers because they are the ultimate pur-
chasers of a product and because the cost of trained panels can be prohibitive.

This chapter provides a comprehensive overview of moisturizer testing
methodologies currently utilized in the personal care industry for the reader with
little or no experience in the field as well as a review for the professional. On the
following pages the authors first provide a brief history of moisturizer use. Al-
though commercially sold product is a relatively new invention of the 20th centu-
ry, there is evidence that moisturizer-like products were in use from the earliest
times [2]. While no testing was conducted on those early products, there exists to-
day a number of options for extensive consumer, sensory, and expert testing of
moisturizers.

Before testing can begin it is crucial to identify meaningful terms for both
the consumer and expert to evaluate a product. Terminology is important because
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it provides the professional with a common lexicon for deciphering consumer
feedback. It is important to clearly understand the objectives of a study, for with-
out explicitly defined goals it is impossible to choose appropriate test methods.
The various methodologies discussed will comprise discrimination tests, descrip-
tive panels conducted by expert evaluators, and naive consumer testing. Data
analysis is then examined as a way of understanding consumer responses. The
chapter ends with a discussion of irritation issues and a number of testing appli-
cations such as claim substantiations.

2 HISTORY OF MOISTURIZERS

Concern about the appearance of skin predates modern society. Just how far back
in time cosmetics originated is somewhat surprising. Cosmetics and perfumes
have been found at ancient burial sites in Egypt [3], and the use of homemade
mixtures to moisturize and rejuvenate dry and aging skin have been documented
in early Greece and Rome [4,5].

2.1 Egypt

Viewing the powerful art that remains on the walls of ancient Egyptian burial
sites presents a picture of a highly refined, painted culture. The early Egyptians
were not only interested in color cosmetics; home-worked products for skin mois-
turizing and anti-aging also abounded. Stylish Egyptian women applied a product
called Coan Quince Cream for silky complexions [6], and anthropological litera-
ture shows that women in Greece and Rome were doing much the same thing.

2.2 Greece and Rome

Some Greek women followed a routine of spreading a poultice of bread and milk
on their faces before retiring at night “to repair the effects of time as a cause of
cutaneous aging” [4]. Often referred to as the father of medicine, the Greek physi-
cian Hippocrates, in his discourse on “Considerations of treatment of wounds,”
speaks of using honey on the face, arguing that it “assures a fresh and jovial look”
[4]. Roman women were doing likewise. Masks prepared from “breadcrumbs
soaked in milk, or rye flour with honey” [7] were used at night and usually re-
moved in the morning. Some women wore them all day, cleansing their faces
only to run an important errand [7]. Also, some Roman women applied the dregs
from the bottom of wine vats looking for the same results that moisturizing prod-
ucts claim today: soft and smooth skin [7]. Still others attempted to maintain their
skin with milk baths [7]. Thomas Spelios, writing in a historical review of cos-
metics, states that Galen of Pergamon, the renowned physician, is credited with
developing cold cream sometime around 200 AD and that “the product was used
widely by Roman women as a beauty aid for aged and dry skin . . .” [8].
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Times have not changed much despite the passage of several thousand
years. Women of today might be surprised to learn that while their face products
are touted as new and revolutionary, some of the concoctions used so long ago by
their Greek and Roman sisters are similar to the currently popular moisturizing
creams and lotions formulated with AHA. What a surprise to find the roots of our
expensive moisturizers in the mixtures of Roman and Greek housewives!

2.3 Anglo-Saxons and the English

Hundreds of years later, the Anglo-Saxons developed moisturizing products they
used specifically for their hands [5]. A recipe remains for a “hand cream” that in-
cluded lily of the valley, old lard, and wine. The lily of the valley and lard were
pounded together, heated with the wine, and worked into a mixture. Living in the
damp and cold apparently caused many cases of dry, chapped hands.

During Elizabethan times lotions and ointments were prepared with “ass’s
milk, hog lard, honey and beeswax with added embellishments of cherries, rose
petals and herbs” [5]. Elizabeth I is purported to have made many of her own cos-
metics including a forehead cream with “a compound of posset curd” to remove
wrinkles and a skin lotion from a concoction of “egg white, powdered egg shells,
alum, borax and white poppy seeds” [5].

For the next several hundred years the majority of moisturizer-like prepara-
tions were made at home for personal use. During the 1800s, there was no cos-
metic industry as we know it today. Some of the following account of the indus-
try’s growth comes from a recent excellent book entitled, Hope In a Jar: The
Making of America’s Beauty Culture [9]. During the 19th century cosmetics re-
ferred to creams and lotions that protected the face. These were the precursors of
modern day facial moisturizers. Women basically had three choices during this
period: home preparation, local druggist, and, somewhat less common, overseas
sources and larger wholesale drug suppliers.

2.4 Twentieth Century

By the turn of the century “the era of soap and water, and the modest application
of home-made face creams, was certainly at an end” [5]. At the same time, one of
the first hand lotions to be introduced was Jergens Benzoin and Almond Lotion
Compound, later to be known as Jergens Lotion. Initially the only mass-produced
moisturizers were cold cream and vanishing cream [5]. Cold cream was used 
as a cleanser and moisturizer to restore dry, flaky skin. Vanishing cream, an emol-
lient, served as a make-up base and also protected facial skin against moisture
loss. The now legendary figure Helena Rubinstein opened her first beauty salon 
in London in 1908 selling a wide array of creams and lotions. She was followed
by Elizabeth Arden, who in 1910 also opened a salon in New York. Both sold
products claiming to provide the same benefits that today’s women desire and
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will pay so dearly for—youthful complexions. It was at this stage that women
were less interested in what could be purchased from their pharmacist than from
beauty salons. As products became more effective an increased demand arose for
better products; coupled with this, women were exerting a growing indepen-
dence. By the end of World War I, cosmetics were readily available in Wool-
worths and other large department stores. The transition from “class to mass”
took little time. By the 1930s the beauty industry was in full swing. Advertise-
ments in the popular ladies magazines of the times such as Ladies Home Journal
and Good Housekeeping promoted face products that offered smooth, soft skin.
The introduction of television provided yet another opportunity for industry to
reach the masses by promoting the latest skin care preparations. Manufacturers
spent millions of dollars each year extolling the benefits of their latest moisturiz-
ing products.

Moisturizers of all types are literally used by millions of people around the
globe every day. They are looking for many of the same benefits our ancestors did
thousands of years ago. Only now, they have an endless array of choices with
products that have been tested and retested among the correct user groups. As we
enter the 21st century the buzzword is innovation. The keys to the new products
of tomorrow are ingredients that work better and faster to provide healthy look-
ing, moisturized skin.

3 MOISTURIZING TERMINOLOGY

3.1 Naive Consumers and Trained Sensory Panelists

To provide direction for product development, moisturizer terms or attributes
must have actionable meanings. In other words, a pattern of ratings or scores
must be convertible into one or more courses of action for the moisturizer formu-
lation. When consumers rate products on attributes such as “silky” or “greasy”
their definitions are culture dependent and are also affected by the product set
with which they are familiar. The terms are fuzzy. There are core meanings plus
many shadings or nuances radiating out from the center of the definition. Product
development formulators learn with experience that certain changes in a moistur-
izer systematically move consumer ratings, even though no two participants in a
large study may define the attributes identically.

In contrast, moisturizer terms when used by descriptive sensory panels
have meanings defined through lengthy training with reference standards and rat-
ing scales [10,11]. “Spreadibility” has a technical and precise meaning that is not
combined with other terms in the mind of the expert. Panelists strive to perform
ratings as human machines, generating replicable sensory “signatures” for prod-
ucts, as well as providing detailed information in order for chemists to know the
subtle differences that changes in a formula can make. The descriptive results are
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nonhedonic, that is, without reference to liking or skin benefit. A more detailed
treatment of descriptive sensory panels and their unique terminology can be
found in Sec. 4.2.2.

3.2 Hedonic Terminology

Like foods, moisturizers have a dual identity. They are experienced as functional
as well as hedonic/“pleasure-giving” substances. It is clear that some lotions are
positioned as more functional or therapeutic than others. Terminology or descrip-
tors should then in turn emphasize the nuances of efficacy and skin healing. Con-
versely, the more hedonically focused or experiential lotions require a more de-
tailed treatment of pleasure or emotive qualities. Traditionally, hedonic survey
items such as overall liking or purchase intent are not seen as the purview of the
trained sensory professional because of the “possibility of bias and resultant error
in predicting consumer preferences” [12]. Enjoying a product and functioning as
a dispassionate sensory machine are incompatible. As a result, sensory language
related to experiential qualities is not nearly as developed as, say, texture or skin-
feel properties. Fortunately, a new research discipline called hedonic psychology
may in time rectify this by bringing attention to the experiential and improving
our understanding of what makes some moisturizers pleasurable. In their edited
collection launching the field, Kahnemann et al. [13] target psychology in gener-
al. They argue that pleasure and well-being are ignored topics. Consumer behav-
ior is not addressed specifically. But they present some provocative findings that
may in time find their way into consumer psychology to expand our understand-
ing of the dimensions of liking and preference. One important inference from
their work is that retrospective assessments of one’s state of happiness or unhap-
piness (as measured by the standard post-product use questionnaire) are not as ac-
curate as the moment-by-moment feelings experienced in real time as a product is
used. This suggests a greater use of diaries or handheld microcassette recorders to
capture what consumers feel. In the same volume, Stone et al. [14] argue for the
use of “ecological momentary assessment,” which entails the frequent probing of
a consumer’s feelings and mood states during the day as a product is used. They
suggest data entry into portable computers but note that the feasibility depends
upon a generous research budget.

4 TESTING

4.1 Study Objectives

Requests for consumer and sensory studies are made every day by marketing and
formulation chemists in research and development eager to learn what consumers
think of their latest products. In today’s work environment, deadlines and budgets
are invariably tight. A common reaction by many testing professionals is to con-
duct a test as quickly as possible, presumably meeting client needs without asking
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what the goal or objective is. However, the first reaction to any request should be
to review the available information concerning all aspects of the test product so
that the appropriate test can be designed. In today’s fast-paced, cooperative busi-
ness environment, it is important for the testing professional to be included as ear-
ly as possible in discussions on development projects to create clearly defined ob-
jectives before consumer testing begins. Cooperation, good communication
among team members, and the determination of correct methodology to meet test
objectives are critical to achieve success. To think of consumer testing as a ser-
vice group only to be involved when executing studies is a critical error because
it does not allow for a program of systematic testing to be developed. It encour-
ages a scattershot approach that is not an efficient testing strategy. The days of
working in a vacuum are long gone. Snap judgments and general assumptions are
a waste of time and may prove costly if studies are fielded without the total un-
derstanding and agreement of team members. Product testing has become a very
expensive business. Budgets necessary to conduct the myriad studies required to
support business goals have increased dramatically from the early days of solely
going desk to desk asking for employee opinions. Budgets are wisely used when
objectives are tailored to the phase of the development cycle.

Objectives for studies in the early development phase tend to be more
broadly defined and focused on general product assessments such as overall ac-
ceptability and presence/absence of gross negatives (irritation). Later studies re-
quire more specific details about product characteristics and user groups. For ex-
ample, “does product x produce a lower stinging (irritation) rate than product y”
among women, 35–59 years old. Later studies may also address other important
issues including performance relative to concept or a competitive product, or
claim substantiations.

4.2 Methodology

Product testing methodologies used in the evaluation of skin moisturizers are
built on a foundation established by decades of research in the food industry,
about which so much has been written, especially in the area of sensory evalua-
tion (see Ref. 15 for a historical review). Some texts now focus exclusively on the
application of these well-established principles to cosmetics [16,17]. The selec-
tion of the appropriate test method for the evaluation of moisturizers depends on
the development process phase. Generally speaking, discrimination testing pre-
cedes expert panels and naive consumer assessments.

4.2.1 Discrimination Testing

Discrimination testing is a sensory method used to determine if two products are
distinguishable or not. In general, there are two types of discrimination tests: over-
all and attribute tests. In the overall discrimination tests, panelists consider all sen-
sory characteristics in making a judgment. Therefore, the response reflects overall
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differences and similarities between products. In contrast, the more focused attrib-
ute discrimination tests zero in on a person’s ability to detect differences between
products on a particular attribute, for instance, the difference between two prod-
ucts in speed of rub-in. In most projects, the overall discrimination tests are used to
determine if, overall, two products are similar or different. Attribute tests are used
only when there is a specific interest in an attribute. Caution must be taken when
designing and interpreting attribute tests. The researcher has to be careful in choos-
ing the attribute, since panelists will be asked to concentrate on only that one at-
tribute. In addition, results have to be analyzed carefully. If two products are not
found to be different in one attribute test (e.g., greasiness), it should not be implied
that they are not different overall. There may be other attributes (e.g., fragrance in-
tensity, shininess) that may differentiate the two products.

The two most popular discrimination methods are the triangle and duo-trio
tests. In the standard triangle test, two of the samples are the same and one is dif-
ferent. The task is to select the odd product. In a duo-trio test, one product is iden-
tified as the reference. The participant is asked to pick which of the remaining two
samples is the same as the reference. Other methods include the two-out-of-five
test, A–not A test, difference from control test, etc. [18]. The selection of the test
depends on the desired type of response [nominal data (yes/no) or degree of dif-
ference], limitations on the number of product applications/evaluations to reach a
judgment, etc.

When designing and interpreting discrimination tests, the researcher needs
to assess if the interest is in finding a difference or similarity between products. In
the past, all discrimination tests were handled as difference tests. One has to be
aware that in projects such as ingredient and process substitution, discrimination
tests should be handled as similarity tests (i.e., to protect against committing Type
II error—incorrectly declaring that samples are indistinguishable when in fact
they are different) [18].

Discrimination tests are classified as analytical/laboratory tests. Tradition-
ally, panelists/discriminators are used to participate in these tests [11,18]. A
screening process should be followed either prior to participation or once pan-
elists have participated in series of tests to insure that panelists participating in
these tests are discriminators [11]. There are some companies that have used
naive consumers as judges for discrimination tests. However, there are many crit-
icisms within the sensory community as to the use of consumers in discrimination
tests. This debate will continue until research proves that consumers can reliably
participate in these tests.

4.2.2 Descriptive Panels

Definitions and Importance. Moisturizers are frequently tested by de-
scriptive/attribute panels to characterize their appearance, fragrance, and skin-
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feel characteristics. Descriptive analysis is one of the most complex and involved
sensory tests used in the evaluation of personal care products. This technique is
used by a trained panel to qualitatively and quantitatively characterize the per-
ceived sensory attributes of a product (i.e., evaluate the intensity of perceived at-
tributes in the product) [11,19]. In the case of moisturizers, the evaluated sensory
dimensions include appearance, fragrance, and skin-feel characteristics. Descrip-
tive analysis results provide information not obtained though other methods. For
example, descriptive tests provide technical and specific information on per-
ceived attributes and their intensities, free of (or minimally influenced by) psy-
chological errors (halo effect, stimulus error, etc.) and personal preferences.

History and Current Skin-feel Descriptive Methods. All current skin-feel
descriptive evaluations of moisturizers and other personal care products are based
on the modified texture profile method [20]. In this method, the concepts of the
food texture profile method [21,22] were adapted to the evaluation of skin care
products. Schwartz [20] classified the main stages of evaluation of skin care prod-
ucts as pick-up (the removal of the product from the container), rub-out (the ap-
plication of the products to the skin), and after-feel (the evaluation of the effect of
the product on the skin). This pioneering work was adapted by all professionals
working in skin-feel evaluations for their specific applications. A milestone in de-
scriptive skin-feel evaluation occurred when the standard practice for descriptive
skin-feel analysis of creams and lotions was published by the ASTM committee
E18 on sensory evaluation [23]. The techniques published in the ASTM standard
are also based on the modified texture profile method for skin care product evalu-
ations [20]. Currently most personal care products companies base their descrip-
tive skin-feel evaluations on this methodology. Table 1 details many of the senso-
ry attributes that should be considered in moisturizer evaluation.

Panels. The evaluation of product attributes and intensities requires the
use of a panel, or group of trained individuals. Names given to panels involved in
descriptive/attribute evaluations include descriptive, expert, attribute, and experi-
enced panels.

Descriptive and expert panels. Used interchangeably by some professionals
to describe the same panel type, a descriptive or expert panel is a group
of individuals who have undergone a formal and rigorous training
[24–27]. This panel evaluates products following common established
procedures. The term “descriptive panel” is preferred over “expert pan-
el.” The latter often connotes those professionals who are experts on
specific products who have acquired their expertise through their contin-
uous exposure to products and product evaluations. Frequently these ex-
perts work alone/independently and have not participated in a group
training.
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TABLE 1 Appearance and Skin-Feel Descriptive Attributes for Lotions and
Creams, Including Moisturizers

Product Delivery After 6, 9, 12, and 15 rubs:
Immediate: Thermal melting

Ease of dispensing Spreadability
Amount of spread Whitening (when applicable)
Integrity of shape (thickness) When applicable:

After 10 s: Chemical warm
Integrity of shape (thickness) Thermal cool
Amount of spread Chemical cool
Smoothness (appearance of surface) Tingle
Gloss Absorbency

Pick-up evaluation After-feel evaluation
Amount of peaking Gloss
Firmness Slipperiness
Stickiness Film residue (waxy, greasy, oily)
Stringiness Moisture
Denseness Stickiness/tackiness

Rub-out evaluation
After 3 rubs:

Thermal melting
Spreadability
Wetness
Thickness
Denseness
Thermal cooling

When applicable:
Cool
Warm
Burn
Tingle
Tautness

Source: Ref. 23.

Attribute panel. This is a group of individuals who have only been trained
on specific product attributes. That is, this panel is not trained to evalu-
ate all attributes that characterize the product category, but only a few at-
tributes of interest. Attribute panels are trained for specific applications
when the complete product characterization is not needed. These appli-
cations may be for shelf-life/stability, quality control, or claim support
evaluations.

Experienced/semi-trained panel. This is a group of individuals who either
have not participated in a training program but are experienced in prod-
uct evaluations or a group that has undergone a very general training
program. When no training is involved, the panelists have become expe-
rienced through their frequent participation in product evaluations. This
often occurs when consumers have participated in frequent consumer
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product evaluations and become experienced through this frequent prod-
uct assessment. Experienced/semi-trained panels should only be used
for product screening purposes, not for formal and important product
evaluations. Frequently, experienced panels participate in a formal train-
ing program and become trained descriptive panels. This training is gen-
erally shorter and simpler than a training with naive panelists, since the
experienced panelists have acquired considerable product experience.

4.2.3 Descriptive Characterization of Moisturizers

Appearance and Skin-Feel Attributes. When experts evaluate moisturiz-
ers, they divide the characteristics into four categories that depend on the time
course of the lotion application event. Table 1 shows these categories, which are

Product delivery (e.g., ease of dispensing, amount of spread)
Pick-up evaluation (e.g., firmness, stickiness, denseness)
Rub-out evaluation (e.g., wetness, spreadability)
After-feel characteristics (e.g., gloss, residual film, tautness)

See ASTM Standard Practice E 1490–92 [23] for a detailed description of proce-
dures and attributes.

Fragrance Attributes. The fragrance evaluations for moisturizers are
completed in two ways. The fragrance submissions are evaluated by themselves
(i.e., not in the product) or in the product. When evaluated by themselves, the fra-
grances are evaluated in glass containers. When the fragrance is evaluated in the
product, it is applied and the fragrance is sniffed on the skin. The panel can be
trained to evaluate basic fragrance/odor attributes or complete fragrance profiles.
When a panel is trained on basic fragrance notes, the attributes may include over-
all fragrance, overall base odors, and off-odors. Panelists may be asked to de-
scribe the character of the fragrance. This information is only qualitative.

A panel can be trained to recognize and score specific fragrance characters.
The evaluations can be general and address main fragrance components (e.g., flo-
ral, fruity) or address specific notes within each category (e.g., rose, carnation,
white flower, violet). Table 2 shows an example of fragrance/odor categories that
a panel can be trained on [28].

Establishing a Descriptive Panel. The establishment of a descriptive ca-
pability for the evaluation of moisturizers requires management support, the
building or procurement of testing facilities, and the recruitment/selection and
training of the panel. Many sources [10,11,24–27] provide thorough coverage of
how to set up and train a descriptive panel.

Applications and Uses of Descriptive/Attribute Data. The main applica-
tions of this type of data are
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TABLE 2 Examples of Fragrance/Odor Categories

Citrus Nutty
Coconut, almond Leather
Non-citrus fruit Rubber
Cool Green
Minty Burnt
Caraway Brown
Anise Sulfidic
Floral Spicy
Woody Animal/foul
Fishy Solvent

Source: Adapted from Ref. 28.

Documentation of sensory properties. The data provide a product “finger-
print” of the sensory properties of moisturizers. This is crucial in the
characterization of controls, prototypes, and competitor products.

Screening of moisturizers. Products may be screened based on specific sen-
sory attributes (i.e., spreadability, absorbency).

Product maintenance. Descriptive/attribute data are used to track product
characteristics of moisturizers in shelf-life studies and during production
(quality control) and to assess differences from and similarities to con-
trols in ingredient/process substitution and cost reduction projects.

Product guidance/optimization. Descriptive/attribute data are used to guide
developers in the development, reformulation, and optimization of
moisturizers. Descriptive/attribute analysis provides information on the
perceived attributes of moisturizers, which are developed and/or modi-
fied in the formulation/reformulation of products.

Consumer test design. Descriptive/attribute analysis provides attribute in-
formation on the moisturizers to be evaluated. This information is used
to determine the best test design (e.g., product presentation/rotation) and
for questionnaire development.

Identification of drivers of liking. Descriptive/attribute data allow the iden-
tification of attributes that drive/affect the acceptance of moisturizers
when coordinated with consumer hedonic data.

Interpretation of consumer information. Descriptive/attribute data provide
information on the product attributes that are considered by consumers
in rating attributes, thus allowing the interpretation of consumer re-
sponses.

Supportive information for claim support. Data support a claim on specific
perceived product attributes and product performance.
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Upon completion of the experts’ efforts the next step is evaluation using naive
consumers.

4.2.4 Naive Consumer Tests

Testing with consumers falls into two categories: qualitative and quantitative. In
qualitative studies, inferences are drawn from patterns in the ideas or opinions of-
fered by consumers. In quantitative evaluation, recommendations are based on
statistical inferences from product ratings. Results from consumer testing of
moisturizers are only as good as the recruitment and screening process used to se-
lect study participants.

For naive consumer testing, the counterpart to expert training is the careful
screening for the appropriate moisturizer user. The complete set of questions used
to qualify or disqualify a study participant is termed a screener. Typically, a screen-
er probes demographics, habits, and attitudes; personality or cognitive characteris-
tics; lifestyle; and routine background items such as whether one works for a mar-
ket research firm or has taken part in a consumer study in the past six months.

When consumers qualify for a study, it is a good practice to reconfirm that
they qualify by asking key screening questions at the time products are picked up.
It is disconcerting but common for the question “what is your one most frequent-
ly used brand of facial moisturizer” to be answered inconsistently from one week
to the next.

Qualitative Testing. Qualitative research provides a forum for people to
express in their own words what moisturizers mean to them as well as what effect
they have on dry skin. All the emotion, logic, free association, and irrational
thought that may be behind the checkmark in the answer box is revealed by qual-
itative research.

FOCUS GROUPS PRINCIPLES. The focus group is the best known technique for
gaining qualitative insight into consumer attitudes. It can be used to generate
product ideas, new product benefits, weaknesses in current products, as well as to
understand how people think about brand categories, advertising, product usage
habits, product concepts, and much more. There is no substitute for real discus-
sions with people. Qualitative research typically precedes quantitative especially
when the project is about new products. However, an effective project often
winds back and forth between the two types of research, each benefiting the oth-
er. Focus groups confirm and expand on the statistically derived conclusions of
survey research. They also help to sharpen surveys by highlighting the terminolo-
gy actually used by people discussing products.

Focus group leaders should reconfirm the qualifications of participants on
key criteria before the sessions begin. Some people should be kept on-hand as
“alternates” by over-recruiting the group. That is, invite more people than the
number of available seats in case some potential participants need to be disquali-
fied at the last minute.
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Guidelines for the conduct of effective qualitative research are readily
found [29–31]. Many are basic rules of civil conduct. Examples are talk in turns,
listen to what it said by others, allow people to hold their own opinions.

Focus groups are conducted with 8–10 participants per group. Sessions last
90–120 minutes. The moderator follows a discussion guide preapproved by the
project team. Discussions that are even more focused can be achieved with one-
on-ones, so-called because only a moderator and one participant are present. One-
on-ones can remove the influence of a dominating or bullying focus group mem-
ber. Other variations that fall between full focus groups and one-on-ones are
possible and have unique benefits. For example, two-on-ones (two participants,
one moderator) might enable a panelist and a friend to discuss their differences in
shopping strategy or how they hear about interesting new products from one an-
other.

When properly conducted, qualitative research can provide a wealth of in-
formation to help guide a project. It can be used to clarify and understand the
terms that people actually use to describe moisturizers and their effects on the
skin, to understand how people categorize products in a given segment, and, most
typically for the r&d environment, to learn what people think of one or more pro-
totypes. On this last point, since prototypes often go through several phases of re-
finement before launch, focus groups can be a powerful tool when they include an
iterative component. Inviting the same people back to evaluate and discuss suc-
cessive improvements can show what it takes, in microcosm, to win over an audi-
ence. Caution though should be exercised here. Generalizing to the population
from a small sample of people in a qualitative setting is not appropriate.

INNOVATIVE TECHNIQUES. The insight and creativity derived from a focus
group is a joint product of the participants and the techniques the moderator uses
to engage the imagination. To recruit qualified research participants requires more
than screening for the appropriate category users. Personality and cognitive skills
factor in also. There are screening tools for finding people who like to think [32]
or who are open to novel products [33,34]. Less formal methods are also possible.
Lists of creative people can be compiled by a nomination process, that is, regu-
larly asking study participants to identify friends who they view as creative,
trend-setting, off-beat, etc. The use of projective techniques and metaphor [35]
are tools the moderator should employ to make the two hours enjoyable and en-
tertaining to the participants as well as productive for the project team. An exam-
ple of such a technique is “brainwriting” [36]. The moderator asks people to write
down a new product idea or improvement. The piece of paper gets passed to the
next person who builds on the idea and so on around the room.

OBSERVATIONAL STUDIES. While focus groups and one-on-one interviews
free people from the constraints of a product survey, they still have limitations.
The focus group or testing facility, as comfortable as it may be, extracts people
away from the natural context in which products are used. The consumer re-
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searcher is thus cut off from seeing how and where the product fits in with other
products and routines. The solution is to talk to people in their home and observe
them as they use health and beauty products such as moisturizers. This option fits
within the growing movement in consumer research to utilize ethnographic tech-
niques to more fully understand people and their products. Most associated with
the field of anthropology, ethnography involves “participating, overtly or covert-
ly, in people’s daily lives for an extended period of time, watching what happens,
listening to what is said, asking questions—in fact, collecting whatever data are
available to throw light on the issues that are the focus of the research” [37]. The
resultant account, which can be captured on video, may be as realistic as a
straightforward documentary or quite impressionistic and personal [38]. Either
way, the ethnographic approach endeavors to create “thick descriptions” [39]
which capture the particulars of the habit or product regimen in all its richness.
The application of moisturizers may be embedded in a series of personal care and
cleansing events which give it deeper meaning. As well, the physical product it-
self may be stored in ways that illuminate the range of cognitive categories it falls
within. It is hard to glean this information without the ethnographic tools.

PHOTOGRAPHIC TECHNIQUES. Unfortunately for the consumer researcher on a
tight budget or timetable, observational research may not often be feasible. Luck-
ily, the advent of inexpensive disposable cameras has been a boon. Moisturizer
users can be given the cameras and asked to photograph the physical layout of
their products on the shelf or vanity as well as to document product usage with the
help of a willing family member stationed behind the lens. These pictures can be
brought to a focus group, photocopied, discussed, and organized. While there is a
risk that the photographs may be “posed” or self-selected, the consumer should be
encouraged to “flesh out” the story behind the image to reveal what was left out,
if anything. These photographs could also be circulated around the focus group in
brainwriting fashion [36].

THE INTERNET. Various projections put U.S. on-line consumer spending in
2000 at $38–61 billion [40]. As a tool for both quantitative and qualitative inves-
tigations of consumer behavior, the internet is having a similarly enormous im-
pact though the field is still in its infancy, and there have been difficulties assimi-
lating on-line research into traditional market research organizations [41].
Regardless, it is clear how the internet is being harnessed to consumer research
objectives. Some of the uses include

Consumers are being encouraged to visit a company or product website.
There, they register, complete a personal profile, and agree to participate
in future testing/surveys. A database can thus be created from which a
test sample can be drawn for the testing of moisturizer products or con-
cepts.

Personal care companies contract with an outside agency that can create an
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on-line chat about product or concepts between a moderator and regis-
tered consumers who fit the relevant screening criteria.

Consumer researchers create and post a survey to be completed on-line by
registered members.

There are many clear plusses for internet research: feedback is immediate; nar-
rowly defined niche markets can be more easily tapped; and it offers participants
the freedom to complete surveys when they want—at 3 am if they desire! Nega-
tives are the lingering uncertainty about who exactly is completing the survey,
whether it is being completed independently, and the projectability of the opin-
ions of the on-line audience to the target of, say, mass market hand and body lo-
tion users. Clearly, the growth of on-line accounts points to a time when internet
users will more closely reflect national demographics, rather than a limited, more
educated, upscale audience. Once qualitative investigations are complete, proj-
ects normally progress to quantitative research.

Quantitative Test Methods. One of the advantages of the quantitative
study is the completion of a standardized product questionnaire by all respon-
dents to reach statistically based conclusions. Aside from an open-ended question
such as “what did you like or dislike about the product?” the questionnaire con-
tains primarily closed-ended items using terminology and rating scales selected
by the researcher.

Table 3 shows some quantitative designs and several variants on the se-
quential option. These are defined by how many surveys are used, when they are
given, and what sorts of questions they contain. For example, in the paired pref-
erence procedure, two products are used but there is no survey until after the sec-
ond usage period. The questions are entirely about preference for one product or
the other.

The choice of a monadic or sequential test design is more than just a deci-
sion about how products are assigned to consumers. Each design actually mirrors
a real-world encounter with products. The compatibility of the test objective with
that encounter should be considered when selecting a design. The monadic design
is more reflective of normal product use. People rarely use two different brands
simultaneously, in alternation, or in quick succession for purposes of comparison.
Monadic presentation is also aligned with an encounter with a dramatic “break-
through” type product. There is no regular brand on the shelf and none is provid-
ed as context in the study. The sequential design, in contrast, is aligned with a
product substitution, upgrade, or brand switching experience. For example, sup-
pose a company plans to substitute a new, improved, or less expensive moisturiz-
er for a currently marketed product. The shopping experience of the loyal con-
sumer of that brand will, at some point, be the use of the current variant followed
by its replacement when the new variant is purchased. The sequential monadic
design reflects or recreates that shopping experience. Half the participants use the
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TABLE 3 Research Designs for the Quantitative Assessment 
of Moisturizers

Design name Characteristics

Monadic One product per person
Survey after product use

Sequential monadic Two (or more) products used in sequence 
for equal amounts of time

Balanced order of presentation
Complete survey for all products, 

including attribute and overall 
preference

Proto-monadic Two products used in sequence for equal 
amounts of time

Balanced order of presentation
Complete survey for first product
Preference questions in second survey
May also include acceptance questions

Paired preference 
(sequential presentation)

Two products in sequence for equal 
amounts of time

Balanced order of presentation
No survey after completion of first 

product, only after both products are 
used

Paired preference 
(simultaneous presentation)

Two products used simultaneously on 
half the body or face

Product presentation balanced for side of 
application

Preference questions after both products 
are used; additional diagnostic items 
may be included

current control followed by the new prototype. Of course, in a balanced design,
half the people get the products in reverse order: new followed by current. This
does not correspond to reality, as mentioned earlier (except, for example, when an
old familiar product like Coke Classic is brought back after the introduction of
New Coke). It is included to tease apart product from order effects. One alterna-
tive to the balanced sequential design is to employ a two-cell monadic design in
which all study participants are screened to be current users of the brand of mois-
turizer in question. The monadic assessments of the new formula will now im-
plicitly be with reference to that regular brand. In addition, a direct question “how
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does the product you used compare with your regular brand?” may also be in-
cluded.

TESTING LOCATIONS. Generally speaking, quantitative testing is conducted
either in the consumers’ homes or at a testing facility, called a central location. In-
home testing most approximates real life extended use. In contrast, the central lo-
cation test evaluates a product often used only once, but most importantly allows
the investigator the opportunity to observe product use. Frequently, the research
question does not require extended use by the consumer. In these circumstances,
the central location test is all that is needed to answer the research question.

QUESTIONNAIRE DESIGN. Regardless of where the test is conducted, the qual-
ity of the information collected hinges on the development of a suitable question-
naire. Much has been written on this topic (see, for example, Ref. 42), but a good
questionnaire should comprise the following kinds of questions:

Hedonic. Overall, how much do you like this product? How much do you
like this product for _____ (attribute)?

Open ended. What, if anything, is there about this product that you like?
Attributes. Ratings of attributes on a 5- or 7-point “excellent-to-poor” scale,

for example, rub-in, silkiness, greasiness, softness, smoothness.
Agree/disagree items. Is a fragrance for someone just like me? Is a moistur-

izer for a contemporary woman?
Directional/intensity. Using a “just about right” scale, for example, “too

thin,” “just about right,” “too thick’’; or a unipolar intensity scale such as
“not at all greasy” to “much too greasy.”

Comparison to regular brand. A scale that typically includes “much better”
and “much worse” at the extremes and “equal to” in the middle.

Uniqueness. A scale anchored by “similar to all others” at one end and
“similar to no others” at the other end.

Preference Which product did you prefer overall? (Only appropriate if
more than one product is being tested.)

When developing the questionnaire the researcher has to be careful to in-
clude terms that consumers understand and scale rating points that make sense in-
tuitively to the average consumer. Questionnaires should also be formatted for
clarity and ease of use by the consumer.

IMPROVING TEST SENSITIVITY. One factor in the decision to select one re-
search design over another is the test’s ability to detect product differences. For
example, when a cost reduction is being considered, the happy outcome is that
consumers not notice the difference in esthetics, efficacy, fragrance, etc. It is eas-
ier to “prove” product parity if people are not given sufficient opportunity to de-
tect the difference, as when the product usage period is too short. In contrast,
when difference detection is desired, extending the usage period or employing the
half-body procedure is recommended. The half-body technique improves sensi-
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tivity because both products are experienced nearly simultaneously. Product A is
applied to the left side and product B to the right for half the sample, and the oth-
er half receive the reverse order. Whatever differences there are can be perceived
without the distorting effects of the passage of time or the presence of intervening
events that are part of a sequential design by definition.

COMPLIANCE. The chances of obtaining reliable data are enhanced when
measures are taken to check that participants follow procedures and understand
directions. For example, the half-body procedure places some added compliance
burdens on the research participant, especially in a home-use test. Participants
must be instructed to keep the products separate or not to mix the products. Yet
people may not easily comply with a cross-handed product application instruction
(put product A in right hand and apply to left side of body; do reverse for product
B) when using products at home. The technique should be demonstrated before
products are taken home or the first application occasion should be in the testing
facility under the observation of a project team member. Such controls are typical
of a central location test (CLT), where the entire study takes place at an indepen-
dent test facility rather than at home (home-use test; HUT). A CLT is monitored
by a member of the project team or a briefed employee of the CLT agency. They
ensure that the participant is attending to the products as instructed by being pres-
ent during product usage.

Compliance in another sense is somewhat easier to monitor. This is use-up
compliance which is accomplished by a product weight check. Did the consumer
use the moisturizer twice a day for four weeks? The product should be weighed
before and after a home usage period to ascertain that the samples were actually
used sufficiently. This requires that product developers provide to consumer re-
searchers a “reasonable” dose value. Calculations will then establish a lower
bound for product use-up. People who used less than that amount should be dis-
carded from the data analysis.

SEASONALITY. The time of year and regional climate affects the efficacy of
moisturizers. If the usage and purchase frequency of hand lotions drops in the
summer, tests relating to therapeutic benefits, such as relief of dry, chapped skin,
should be delayed until the winter months or perhaps relocated to a dry climate.
Testing in the wrong season limits the ability to see product differences.

4.3 Data Analysis

Sensory and consumer responses collected in moisturizer studies are analyzed
statistically to enable separation of random from real treatment effects.

4.3.1 Summary Statistics and Graphical Representation

Prior to applying any statistical tests, it is advisable to summarize data and com-
plete some simple diagnostic and/or graphical analyses to assess the nature of the
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data [43]. Basic summary statistics for continuous data may include sample size,
average, ranges, standard deviation and other deviation measures, skewness mea-
sures, interquartile range, etc. Graphical representations are used to observe cer-
tain data characteristics of interest. The researcher may choose graphs such as
stem leaf, boxplot, data distributions (number or percent of observations/scores),
bar, radar/spiderplot, and other charts to display data.

These summary statistics and graphs provide simple and revealing informa-
tion of the data to be analyzed. The outcome of some statistical tests may be an-
ticipated through this assessment. In addition, these simple summaries and graphs
provide preliminary information on the data to help decide on the statistical
analysis to apply. For example, a simple distribution graph displaying the per-
centage of observations across a scale indicates if the data distribution is uni- or
multimodal. Data that are not unimodal should not be analyzed through paramet-
ric statistics.

4.3.2 Common Statistical Analyses for Sensory and
Consumer Data

This topic is covered extensively in the literature. The books describe the charac-
teristics of the basic statistical tests used to analyze sensory and consumer data
[44,45]. Sensory/consumer research publications cover the topic specifically for
the data collected in sensory/consumer studies of consumer products, including
moisturizers [11,18,46,47].

Analysis for Treatment Effects and Panelist Performance. The analysis
completed on the sensory and consumer data from moisturizers and other con-
sumer products may have two objectives: to study treatment effects or to study
panelist performance. Routinely, upon completion of a consumer, descriptive/at-
tribute, or discrimination test, data analyses are completed to reach conclusions
about product or sample treatment effects [11]. For example, analyses on treat-
ment effects may address questions such as Are two moisturizers, control and
product A, equally liked? or Is one significantly better liked over the other? or
Does one moisturizer spread significantly easier than another? or Is the competi-
tor’s moisturizer and product X perceived significantly differently when applied
on the skin? All these questions deal with product or attribute differences/similar-
ities. The statistical tests for each data type [18,19,48–50] address these questions
related to treatment effects (or product attributes).

Practitioners who work with trained or semi-trained panelists to evaluate
attributes and attribute intensities do need to analyze the data with an additional
objective. This objective is to learn about panelist performance. These analyses
are conducted on a routine basis to monitor panelists, assure that their responses
are valid and reliable, and ensure that sound product conclusions are obtained.
Panelist monitoring analyses investigate ability of panelists to (1) find significant
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differences if differences exist, (2) replicate their own judgments, (3) agree with
the rest of the panel as far as the direction of product differences, and (4) match
intensity references (if used). Different statistical procedures for panel monitor-
ing have been and continue to be developed [51–54].

5 APPLICATIONS

Sensory and consumer testing methods have many applications. It would be im-
possible to cover all applications and with the detail each application deserves. A
summary of the main applications are discussed.

5.1 Product Matching

Product matching projects are very common in any industry. Testing conducted
for these projects assesses if a prototype matches a control. This control can be
the competition, the “gold standard,” or the current product. Product matching
projects can be completed either through discrimination or descriptive tests. Dis-
crimination tests indicate if, overall, products are sufficiently similar or different.
Descriptive tests will, in addition, provide information on the attributes that dif-
ferentiate products, if they are found to be different.

Discrimination tests are conducted if the interest is only in overall differ-
ence/similarity (as the first step), when there are a few products to test, and when
enough panelists are available. Similarity tests should be conducted for matching
projects, which require a large number of panelists [55]. The testing of fragrances
in moisturizers is commonly completed using discrimination tests.

The testing of a match for skin-feel characteristics of moisturizers is most
commonly conducted using descriptive tests. Since skin-feel properties require
time intensity or assessment at different stages (e.g., immediate and 5- and 10-
minute evaluations, etc.), discrimination tests may not be as useful.

5.2 Assessment of Differences and Similarities

There are many projects where the differences and similarities among moisturiz-
ers need to be determined. These evaluations are conducted when comparing the
company’s current product to competition, a new formula, different prototypes
that encompass new packaging materials, ingredients, process variables, etc.

Ultimately, companies are interested in determining the differences (or lack
thereof) in liking between and among products. Frequently, a company may con-
duct a consumer study to test the differences and similarities between the control
and test samples/prototypes as perceived by consumers without completing any
other tests. Although this test strategy is sound and followed by many companies,
it may not be the most efficient approach.
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The use of sensory tests (e.g., discrimination and descriptive tests) prior to
a consumer test represents a more efficient testing strategy, since the former are
usually less expensive and can have a faster turnaround time. The rationale in us-
ing such tests first is to assess the differences and similarities in perception, then
make a decision if an ensuing consumer test is needed. In addition, the discrimi-
native or descriptive tests provide information on the products to be tested and
thus aid in designing a better consumer study (e.g., in guiding decisions on sam-
ple presentation strategy, attributes in the consumer questionnaire, etc.).

For example, a descriptive test is conducted first if the objective is to con-
firm that a perceivable difference exists between a new formula and the control
(or a new formula and the competition) and to characterize the difference(s). If
the descriptive tests show that there are no differences or not large enough differ-
ence(s), a recommendation is given to reformulate the product before conducting
a more expensive and involved consumer test. If a trained panel does not find a
difference, a consumer will not find the difference nor indicate a difference in lik-
ing or preference. If the descriptive panel finds a difference, the consumer test can
be conducted to explore how consumers react to the perceived difference(s). This
sequence of testing represents an effective test strategy. In addition, the complete
data set—the descriptive information and the consumer reaction to the differ-
ences—can then be put together to interpret data, make decisions, and provide
recommendations.

5.3 Research Guidance and Optimization

Sensory and consumer test methods are widely used for research guidance in the
development of new products. Formulators/researchers are interested in studying
the effect of certain variables (e.g., ingredients, technologies, packaging, and
processes) on the product’s perceived properties and consumer responses. Ulti-
mately, the goal is to develop the best liked product in the category or within the
limits of the raw materials and technologies used. Formulators/researchers need
to obtain guidance in case products need to be reformulated. This guidance is pro-
vided either using the consumer diagnostic information or the descriptive/attrib-
ute information linked with the consumer information (see Sec. 5.5).

Research guidance can be provided in two ways: (1) through individual
sample evaluation (one-at-a-time approach) or (2) through designed experiments,
where a set of products is produced to represent variables and ranges of interest.
From the experimental point of view the first type of study is called a nonde-
signed experiment or one-way treatment structure study; the latter is called a de-
sign experiment, treatment structure, or optimization study [56,57].

5.3.1 Nondesigned Experiments

Nondesigned experiments are very common in industry and are used to test a se-
ries of products either in a sensory or consumer study. The products are a set of
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qualitatively distinct objects, having no particular association among themselves.
In such tests, the products tested may include the company’s products, a few com-
mercial products, and one or more prototypes. There is no association among
themselves in the formula, package, performance, etc.

These experiments are favored by those companies that require the testing
of a series of products with fast turnaround and do not want to or cannot invest the
time, effort, and funds to systematically produce samples following an experi-
mental design and do not want to or cannot test the larger number of products
generated by designed experimental plans. The design and execution of these
tests is relatively simple, since samples are produced, purchased, or collected and
then tested.

Once the test is completed, results are analyzed through statistical proce-
dures which indicate if the products are different and how they are different in the
response measured (e.g., liking, oiliness, glossiness). No inferences can be made
on the effect of one variable or concentration on the response measured. Often, if
analytical data (e.g., sensory or any instrumental measure) are collected, they are
related to liking or any other consumer response (e.g., greasiness). A relationship
can be build between the consumer response (e.g., liking or greasiness) and the
descriptively perceived attributes (e.g., greasy, oily, waxy) or the concentration of
a certain variable (if measured or known for all samples). Even though these rela-
tionships can be built, the interpretation of results may not be clear, since vari-
ables may be confounded and not cover the complete intensity ranges [58].

5.3.2 Designed Experiments

A most effective way to study the effect of variables (or factors) on a response is
to use experimental designs to produce the set of samples/prototypes that repre-
sent specific variables and levels. These prototypes are then tested (e.g., in a de-
scriptive or consumer study), and the results can be analyzed to accurately infer
the effect of such variables on the response (e.g., liking), on the way the response
varies as a function of the variable studied (if and how the response increases or
decreases with increasing concentrations/levels of the variables), and on an opti-
mal (if any) combination of variables to achieve the lowest or highest response
[57].

For example, an optimization study for moisturizers may include two vari-
ables such as the amount of aloe and sunflower seed oil. An experimental plan is
then used to determine the samples that need to be produced to represent specific
combinations and concentrations of these variables. The prototypes are then test-
ed (e.g., in a consumer study). Results (e.g., liking) are analyzed statistically vis-
a-vis the nature of the experimental design. Models can be developed and results
can be displayed in graphs or plots that show the relationship of the response vari-
able (e.g., liking) as a function of the concentration and combination of the two
variables studied.
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Common plans or treatment structures used in consumer product tests are
factorial treatment structures and response surface structures (RSM) [56]. Many
designed approaches and optimization studies have been predominantly pub-
lished in the food industry [56–61]

5.4 Claim Support

Clinical claims are addressed in the next chapter. Here, the focus is on consumer-
based claims. The application of sensory and consumer methods is essential in
claim support projects. Advertising claims most often address perceived product
attributes and/or differences as perceived by consumers or trained panelists.
Therefore, no sensory related claim can be substantiated without the use of these
methods. This area is of particular importance to a company not only because
proper claim support testing provides the basis for sound advertising claims, but
also for the legal implication that may result from unsupported claims. Being
such a critical application of sensory/consumer methods, the ASTM committee
E18 on sensory evaluation formed a task group to document the design and im-
plementation of sound sensory and consumer testing practices geared to validate
claims addressing sensory properties [62]. The most important step in a claim
support study is to delineate an explicit statement of what the claim will be. This
statement will in fact dictate the type of testing strategy to follow. Most claim
support studies are completed with consumers, even if they deal with perceived
attributes (e.g., “our product leaves your skin feeling softer than brand X”). How-
ever, much claims support testing is completed using discriminative/laboratory
tests. When these tests are used, they are intended to provide more objective data
regarding perceived attributes without regard for personal preference.

5.4.1 Consumer-Based Claim Support Testing

Consumer-Based Claims. Consumer-based claims can be tested stating a
hedonic/liking or a perceived attribute responses. These claims can be compara-
tive and noncomparative. In addition, comparative claims can be parity or superi-
ority claims [62]. Examples of each of these claims follow:

Comparative/parity. Our product is as well liked as product A. Our product
is as moisturizing as product C.

Comparative/superiority. Our product is preferred over any other product.
Our product leaves your skin looking more radiant than product D.

Noncomparative. Our product leaves your skin feeling soft. Our product is
gentle to your skin.

Consumer Studies for Claim Support. Consumer studies designed to sup-
port claims need to be carefully designed and executed. Special attention needs to
be paid to sample size [57], product selection, and questionnaire design.
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5.4.2 Discriminative/Laboratory-Based Claim 
Support Testing

The two discriminative/laboratory tests used in claim support are discrimination
(e.g., duo-trio, attribute difference tests) and descriptive tests [62]. Discrimina-
tion tests are used when information needs to be collected regarding the overall
(or attribute) difference/similarity between products. Usually, claim support stud-
ies use discrimination tests to obtain additional back-up information, but not ex-
clusively to support a claim. Descriptive tests are more commonly used, since
they address attribute perception.

Descriptive-Based Claims. Descriptive-based claims have the following
characteristics compared to consumer-based claims: (1) they do not address pref-
erence and acceptance/liking and (2) they address attribute perception by a high-
ly trained panel. The attributes are not consumer terms (gentle, silky, moisturiz-
ing, radiant), but technical and descriptive, as described in Sec. 3.1 (oily, greasy,
spreadable, sticky, dense, taut). Frequently, descriptive information is collected in
claim support studies only as supportive information for the claim. The concur-
rent consumer study may address the advertisement claim per se. However, the
claim becomes much stronger if the consumer results are supported by the de-
scriptive information.

Examples of comparative and noncomparative claims based on descriptive
information include

Comparative/parity. Our product is as absorbent as product C.
Comparative/superiority. Our product is less greasy than product D.
Noncomparative. Our product leaves a cool sensation on your skin.

Descriptive Studies for Claim Support. As with consumer tests, special
attention has to be paid to the test design and test parameters of a descriptive
study for claim support. The product selection and acquisition needs to be care-
fully completed. Unique aspects of descriptive studies to be controlled are

Trained panel. Descriptive evaluations for claim support have to be com-
pleted by a highly trained and calibrated panel.

Test design and ballot development. The attributes evaluated only have to
address those attributes related to the claim. All descriptive attributes do
not need to be measured. The sample preparation and presentation needs
to be carefully controlled.

Test execution and replications. The evaluations are completed following
strict and controlled protocols. If appropriate, references are reviewed
prior to the study to calibrate the panel. No claim support evaluation
should be conducted without an assurance that the panel is well trained
and calibrated. In addition, the study needs to be replicated to be able to
confirm adequate panelist performance.
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5.5 Category Appraisals

A category appraisal or review is one of the most fascinating projects conducted
by a consumer products company. In these projects, a product category is evalu-
ated to assess differences and similarities among products in the category. The
study usually includes the main commercial products within the category, the
company’s products, and sometimes prototypes.

Category appraisals are conducted (1) only with consumer data (traditional
category reviews) or (2) both with consumer and analytical data (e.g., descriptive
and instrumental) as in multifaceted category research studies [53]. In general,
the main benefit of the individual category studies is the documentation of the dif-
ferences and similarities among products which yield an understanding of the cat-
egory. The consumer category study provides information on the differences and
similarities among products in liking and consumer-perceived attributes [63]. The
laboratory category study provides information on the differences and similarities
among products in the properties measured. If the laboratory data are descriptive,
these results show the differences and similarities in perceived attributes by a
trained panel. There are many benefits and applications when studies in both cat-
egories are completed. The most important applications are [64]

1. The determination of drivers for liking (in descriptive terms) to pro-
vide actionable and clear direction to researchers in the formulation
and reformulation of acceptable products within the category.

2. The interpretation and understanding of consumer responses.
3. The establishment of a system in which laboratory data can be used to

infer consumer responses.

5.6 Irritation

Some facial moisturizers, especially those containing AHA, produce skin irrita-
tion or an “adverse reaction.” Typical descriptive terminology includes tingling,
stinging, burning, rashing, pulling, tightness, and itchiness. Consumer research
projects are frequently motivated by a need to know whether the obtained irrita-
tion rate is below a pre-established action standard level or whether an ingredient
change is effective at reducing irritation levels.

5.6.1 Measurement Issues

Asking about and accurately measuring irritation is a delicate issue. On the one
hand, simply raising the issue by including irritation items on a survey may clue
the consumer into certain expectations of the project and create an inflated rate of
such comments via a self-fulfilling prophecy type effect. On the other hand, in-
cluding relevant questions or warning of possible irritation reactions provides a
context for understanding the product. A respondent is told that some level of ir-
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FIGURE 1 Irritation questions for a facial moisturizer normally appear near
the end of a survey so as not to influence product judgments. 

Skip to next question
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ritation is part and parcel of the moisturizer’s mode of action. The level of report-
ed irritation may, in this case, be under-reported because, given a rationale for it,
the consumer discounts the experience. To create a perfectly balanced position
between these concerns may not be possible. In practice, the consumer’s cogni-
tive machinery is activated in complex ways by the presentation of a product con-
cept, by the naming of the product (e.g., “age-defying” or “pore-refining”), and
even by the courtesy instructions and warnings that ethically accompany moistur-
izers that may irritate the skin, for instance, “You may experience a brief burning
or tingling. Discontinue use, if severe.” All one should ask of the questionnaire is
that it be probing and free of bias. One option is to have balanced wording in the
questionnaire so that specific product expectations are not divulged. For example,
asking Did you experience any pleasant or unpleasant sensations after using the
product for two weeks? is balanced and nonbiasing, whereas Did you experience
any unpleasant sensations after using the product for two weeks? suggests that
this sort of reaction is expected. One full set of possible irritation questions is pre-
sented in Fig. 1.

It is important to realize that unpleasant sensory stimulation does not nec-
essarily correlate with disliking for a product. Questions Q.1G and H in Fig. 1
look at this possibility. Brief stinging may be a signal of a product’s efficacy, i.e.,
that it is working to smooth or exfoliate the skin. As such, the unpleasantness may
not negatively influence purchase intent.

6 CONCLUSION

The authors have attempted to present a selective overview of current methods
and issues. Moisturizers can no longer be formulated in a laboratory vacuum.
Companies large and small can not afford to dismiss or ignore the voice of the
consumer in the product development process. More and more emphasis is being
placed on understanding the consumer as a person and not as a marketing object
(J. Kastenholz, personal communication, 2000). The evaluation of moisturizers
has come a long way since the early days of informal product appraisals. Empha-
sis should be placed on studying the consumer in their normal environment.
While more traditional methods (e.g., trained panels, home-use tests, mall inter-
cept) will continue to be effective, new approaches should be explored.
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Clinical Testing of Moisturizers

Gregory Nole
Unilever Home and Personal Care North America, 
Trumbull, Connecticut

“A moisturizer is a topically applied substance that overcomes the signs and
symptoms of dry skin” [1]. When Dr. Kligman wrote that definition in 1978,
moisturizers were generally either emulsions or oleaginous mixtures. As a result,
products were generally designed around two primary mechanisms of action,
humectancy and/or occlusion. In both cases, as Dr. Kligman’s definition shows,
moisturizing products of that time focused on treatment of symptoms, that is, the
appearance and feel of dry skin.

Today, the amelioration of symptoms is still the primary benefit to the con-
sumer, however, many if not most products attempt to go beyond simple
humectancy and occlusion to treat the underlying causes of dryness. Products to-
day often deliver skin lipids, natural moisturizing factors (NMF), essential fatty
acids (EFA), or other components of healthy skin that are deficient in dry skin.
Moreover, who would have predicted 20 years ago that even some cleansers
would begin to move toward delivering low level moisturization benefits.

These changes in product technology have had significant impact on the
role and means of clinical testing of moisturizing products. No longer can product
investigators be content with measuring the end benefit to the skin, they must now
follow the example of researchers in trying to understand what the product is do-
ing to skin. With a wide array of clinical tools and techniques at their disposal, the
choice of measurement and interpretation of the measurements is of course criti-
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cal to good experimental design. But bioinstruments and skin assays are just the
tools. Equally important in good clinical design is the protocol, that is, the com-
plete description of the experiment in robust scientific terms.

1 HISTORY OF DRY SKIN TESTING

1.1 Early Method for Describing Skin 
Barrier Properties

Clinical testing is conducted for the purposes of research, technology evaluation,
or product claim support. In the earliest days the work was principally for re-
search. The origins of modern dry skin understanding rightly belong to Dr. Irwin
Blank when he described the mechanism of water content in skin [2,3]. He
demonstrated that water, not oils, were necessary for maintaining skin plasticity.
He described the problem in terms of regulating the barrier function. Dryness was
viewed as a function of water loss rate from the surface to the environment versus
replacement rate from the lower layers. In this early research, Blank was the first
to describe barrier integrity by measuring the transpiration rate of water through
excised human skin in a diffusion cell. He measured the water loss rate of normal,
damaged, and treated skin and demonstrated that this rate was a function and di-
rect measure of skin barrier quality.

Since that time, trans-epidermal water loss (TEWL) has been an accepted
means of describing skin condition. Where Blank’s experiments were conducted
in vitro, methods to measure water loss in vivo were later being devised [4,5]. Be-
fore the development of the modern evaporimeter, TEWL was measured by pass-
ing a stream of dry nitrogen over skin through a closed cup that was in contact
with the skin surface and measuring moisture pick-up with a dew point hygrome-
ter. For the product investigator, evaporimetry not only described skin barrier
quality, but could be used objectively to compare the performance of emollient
lotions and creams [6]. However, TEWL alone says little about the momentary
hydration state and is not appropriate for comparing product humectancy. Even
with modern instrumentation, TEWL measurements can be confounded by the
presence of surface moisture or an alteration in skin condition [7]. For example,
an increase in TEWL could indicate an increase in surface moisture levels or
could be the result of skin damage. Unless testing conditions are well controlled,
TEWL alone could lead to ambiguous results which call for further investigation.

1.2 Biomechanical Developments

The 1960s brought further understanding of the relationship of water content in
skin and its effect on physical skin properties. This led to development of in vitro
analytical and biomechanical methods for describing skin conditions beyond va-
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por transpiration rate [8–11]. Gravemetric approaches measured the amount of
water loosely held in the skin that could be feely lost to the atmosphere under low
humidity. Differential scanning calorimetry (DSC) was used to describe the water
that was tightly bound within the cellular matrix in an attempt to better describe
the underlying hydration state. Tensile testing was used to describe elastic proper-
ties of skin in order to relate skin plasticity to hydration state. All of these ap-
proaches provided opportunity for the product investigator to further understand
product efficacy, but as in vitro methods, they could not demonstrate the end ben-
efit of products in actual usage.

1.3 Regression Testing

Through most of the 1970s the underlying principle of lotion product testing was
that there is a correlation between skin mechanical properties and the effects of
moisturizer treatment. In 1978, Dr. Kligman challenged this assumption. He
pointed out that while physical properties of skin can vary, their true relationship
to dry skin is unclear. The lack of real understanding of dry skin is summarized in
his assertion (or more likely frustration) that “we cannot even say that dry skin is
dry; that is, lacks water” [1]. For the clinician, this raises a serious question of
what to measure. Kligman’s proposal, in this seminal paper, was the dry skin re-
gression test.

The thinking behind the regression method was derived from an under-
standing of “cosmetic dry skin.” Kligman recognized that classical signs of dry-
ness such as skin flaking can be effectively masked with emollient lotions that
give the appearance of moisturized skin but do not provide a fundamental im-
provement in skin quality. He observed that while treatments continued, dry skin
may look and even feel better, but as soon as treatment was stopped, the skin
quickly reverted or regressed back to its original state. Kligman’s view was that it
was this rate of regression that was the true measure of moisturizer efficacy.

The original regression method was a 4- to 6-week process separated into
distinct treatment and regression phases. The studies were conducted on legs in a
paired comparison design. Treatments were applied twice daily, Monday through
Friday for 3 weeks with no treatments occurring over the weekends. Because vi-
sual assessments were made on Monday mornings (three days after the last treat-
ment) they better reflected the true condition of the skin. After 3 weeks, treat-
ments were discontinued altogether, and during this regression phase the skin was
assessed on Mondays and Thursdays until baseline was reached, which could take
2 weeks or longer. Assessments involved visual grading of the test sites on a four-
point scale for the overall appearance (or lack) of dryness. A quarter century later,
with the many advances in our knowledge of dry skin and instrumental analysis,
the principles of the regression method remain sound and continue to be the back-
bone of modern dry skin testing programs.
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1.4 Bioinstrumental Methods

The original regression method used visual observation of skin as the primary
measurement. About the time this method was proposed numerous bioinstrumen-
tal methods were just beginning to emerge [13–18]. These various techniques,
many described elsewhere in this volume, were developed to quantify skin hydra-
tion (electrical hygromety), texture (profilometry), elasticity (dynamometry and
ballistometry), optical properties (spectroscopy and photography), and other
physical states (squamometry), just to name a few. These methods were often de-
veloped for research into the fundamental properties of skin, and the emphasis in
the literature was on what these measurements told about skin. For the product in-
vestigator they provided new opportunities for describing product effects; howev-
er, there was insufficient guidance in how the instrument should be used in the
context of a consumer product clinical trial. While these instruments are excellent
tools, there is an ever-present danger of seeing them as the test method rather than
as tools within a test method.

1.5 Regression Testing Revisited

Following publication of the regression method there was a growing body of lit-
erature on instrumental methods but a lack of writings on clinical evaluation. Yet
there was evidence that researchers were using the principles of the regression
method as framework for bioinstrumental evaluations [19]. Bioinstruments pro-
vided finer resolution than a four-point visual scale, and this improved the ability
to clearly separate the strictly visual (cosmetic) effects from fundamental changes
to skin condition.

For product investigation, the need for a well-structured test design in
which to use these new measurement techniques became clear. Because skin
moisturization can be achieved through various routes (occlusion, humectancy,
dryness prevention, and healthy skin repair), study details and the selection of the
measurement tools must be made appropriately. Further, as measurements be-
came more sophisticated and the demands for product discrimination increased,
some refinements (but not changes!) to the original regression method were need-
ed to meet the increased requirements [20]. These refinements proposed basic pa-
rameters such as weather and panelist recruitment criteria as well as defining pro-
cedures such as for product assignment and application to ensure unambiguous
results for evaluating consumer products. The robustness of the regression
method remains evident in clinical testing where it is almost no longer a consid-
eration but simply treated as a de facto approach for product evaluation [21,22].

1.6 The Miniregression Test

For the product investigator, bioinstrumental measures within a well-structured
test provided a sensitive measurement of product performance. Within these mul-
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tiweek trials, it was recognized that methods such as hygrometery had potential to
predict after one week the overall product performance seen after three weeks.
This led to the development of a more rapid predictive product evaluation test
called the Miniregression [23]. In this test, all of the principles of the original re-
gression method test are retained, just shortened. Treatment is for 5 days, fol-
lowed by a treatment-free weekend and then a 7-day regression period. Using in-
strumental measures instead of visual, the miniregression method focuses on
predicting the functional benefit (increased hydration state) rather than visual
(cosmetic) benefit of treatment. This method provides value to the investigator
not just for quickly screening products, but also for demonstrating the early treat-
ment benefits of products on skin.

1.7 “Nutrition Protocol” Regression Test

A novel approach took the standard regression test and turned it inside-out in or-
der to better evaluate the quality of skin following treatment [24]. Referred to as
the nutrition protocol, it starts with a 4-week pretreatment phase which allows full
stratum corneum turnover of the treated skin site. With fully treated skin and no
further product use, the test phase focuses principally on a 3-week regression.
The healthier the skin quality, as a result of pretreatment, the greater should be the
persistence of “good” skin during the regression period.

1.8 Short-Term Alternative to Regression Testing

While a well- and widely established test, the regression method and its variations
are by no means the only acceptable approaches to product evaluation. Regres-
sion testing in all its forms always involves the use of multiple product applica-
tions over time. However, rapid and sensitive bioinstrumental measures such as
hygrometry have allowed the development of methods to look at the immediate
hydrating effects of even a single lotion application. These immediate hydration
tests are typically used to discriminate product performance within 4 hr of appli-
cation though they can be extended [25,26]. With controlled application and re-
strictions on subject activities, the tests almost always involve a multiple product
design, typically evaluating up to six sites simultaneously, usually on lower legs,
which allows for highly sensitive, direct within-subject interproduct compar-
isons.

Note that while appropriate for showing moisturization effects, short-term
protocols involving moisturemeters are not appropriate for predicting longer-term
behavior. For example, occlusive materials such as petrolatum show no immedi-
ate benefit based on a moisturemeter yet are highly effective in the longer term.

Short-term testing is best limited to describing the immediate effect of a
treatment. Bioinstruments to look at elasticity, surface roughness, and other skin
properties can also be used in a single-use test to understand how quickly and ef-
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fectively a particular treatment delivers relief to the user. In fact, a thorough un-
derstanding of immediate effects can be as important to the product investigator
as determining the long-term benefit because when consumers begin to feel their
skin getting dry and tight, they want immediate relief.

1.9 Testing Moisturizers Today and Tomorrow

Today the product investigator has a wide array of tools, both visual and instru-
mental measurement methods, and well-designed long- and short-term protocols
to fully understand the effects of moisturizer treatment on skin. These techniques
have been used by researchers and product manufacturers to develop a solid un-
derstanding of lotion technology. While the growing array of bioinstrumental
tools complements the more traditional visual evaluation methods, the need for a
well-designed, structured framework for using any measurement technique is
fundamental.

We are already seeing today that the delivery of moisture is beginning to
come from a most unlikely source, body cleansers. As the range of moisturizing
products expands, it creates a need for a broader range of clinical methods [27].
As we look forward, the future in leave-on products bodes new delivery mecha-
nisms, biomimemics, and new forms [28]. However, in the end, to be accepted as
a true moisturizer, new technologies will still need to deliver immediate and sus-
tained relief and the well-developed methods for measuring short- and long-term
effects will still apply.

2 BASIC ELEMENTS OF CLINICAL DESIGN

The more objective and controlled the clinical trial, the more detached it becomes
from the normal-use consumer experience. The competing interests of clinical
control and consumer relevance cannot be easily reconciled. No single method is
all-encompassing. Taking a broad view of testing, one finds a spectrum of meth-
ods, from loosely controlled panel tests to the rigorously controlled clinical trials.
Moreover, dry skin has many aspects, from how it looks to how it feels to how it
functions, all of which further complicate the testing choices. Determining the
ideal course for testing is not always easy. Clearly the variety of available bioin-
strumental methods can play an important role in dry skin testing; however, in-
struments tend to give a unidimensional picture for a multidimensional problem.
Thus the answer is often a stepwise approach to product evaluation [29,30].

In developing a clinical testing plan, the product investigator must balance
the requirements of each experiment against the objectives and conclusions to be
drawn from the results. Before the details of a clinical trial can be determined, the
broad requirements of the trial must first be established. Discussed herein are
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three basic questions that underlie the study design. Only once the fundamentals
are established can then the details of the protocol can be considered, and these
are discussed in the next section.

2.1 Setting the Size and Scope of the Trial

Depending on the stage of the research or product development program, trials of
different size and scope are entirely appropriate. In the early stages of a program,
preliminary or pilot trials are often used as a cost-effective and rapid means of
getting indicative information as a guide toward further study and full clinical tri-
als. Sometimes referred to as preclinicals, these trials tend to be short with a min-
imal number of subjects and are typically used as screening tools or as predictors
of product effects.

In preparing a study proposal, it is necessary to understand the value and
limitations of pilot trials but also to approach such trials with the same thoughtful
diligence as larger clinical trials. A danger in labeling trials as preliminary is that
they can be perceived as informal, resulting in an unacceptable degree of laxity.
Preliminary trials should never be approached as “quick and dirty,” but must re-
ceive the same detailed consideration as large-scale trials. When done properly,
preliminary trials provide scientifically valid supporting evidence and incremen-
tally add to the knowledge base. The data may not necessarily be sufficient to
stand entirely on their own, but should constitute a solid first step.

Pilot trials must not be confused with small trials. The mere fact that a test
is small does not mean that it is preliminary. Pilot tests should be defined on the
basis of statistical risk, not just complexity. All studies carry with them some risk
of error, and preliminary studies carry higher levels of this risk. To illustrate the
difference between a pilot trial and small trial, consider two proposals: a 6-week
regression test with only six subjects per cell versus a 1-hr hygrometer trial on
100 subjects. The regression trial would likely be set up as a pilot trial because
expectations for the statistical power is low (i.e., high risk of error due to small
sample size) despite the complexity of conducting a 6-week trial. Depending on
objectives, the simpler hygrometer study may or may not be approached as a pi-
lot trial. If the objective were to record the before/after effects of a lotion, it can
pass as a definitive clinical study. But if the same trial were being used surrogate
for a 3-week home-use test, then it would be considered preliminary because it
was being used to make predictions well beyond the scope of its data.

So the first element in designing a clinical trial is to establish the size and
scope. How much risk can you accept in order to save time, money, or other re-
sources? How comfortable will you be making a decision based on the outcome?
How does this trial fit in with next steps? How does this trial fit in with the time-
line of your research program? With the study objectives in mind, the trial must
be developed appropriately, but to do so consideration must first be given to
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specifically determining what is appropriate and necessary to meet those objec-
tives.

2.2 Selecting the Measurements

Closely linked with setting the scope of the trial is selection of test methods. The
choice of measurement method is ultimately what will define the study. After all
is done, it is the output of these measurements, the numeric data, that is compiled,
analyzed, and pored over in order to describe the effects of skin treatment.

Based on a review of product claims, it has been shown that moisturizer
benefits can be divided into three categories: what moisturizers do for the skin,
how the skin looks, and how the skin feels [31]. Clinical tests can follow this path
using a three-prong approach. This multimeasurement approach offers strong ad-
vantages as each method has its own strengths and weaknesses (Table 1). More
importantly, the multiprong approach allows the conclusions based on one
method to be corroborated and reinforced by the others. These three classes of
evaluation methods are discussed below and further in Sec. 3.

Instrumental methods are ideal at providing objective data to individual as-
pects of what the product does for skin. They can provide quantification
of invisible aspects such as moisture content within the skin, and a bat-
tery of instrumental measurements helps draw a detailed picture of phys-
iological changes in skin. They are, nevertheless, unidimensional, which
can lead to an incomplete view of product performance. Instruments
also can be highly sensitive to small differences suggesting skin benefits
that are neither consumer relevant nor perceivable.

With expert assessment, a qualified human judge integrates many aspects
into a measurement of the visual appearance of skin. Normal healthy
skin is visually apparent, and this is the ultimate goal of a dry skin treat-
ment. Any deviation from normal/healthy appearance can be captured in
the evaluation. Visual grading is traditionally the cornerstone of dry skin
measurement.

Subject self-assessment within the context of the clinical trial gives quanti-
tative measure to the perception of skin look and feel. Self-assessment
measurements have two roles: they provide a means of measuring sen-
sory attributes that cannot be measured instrumentally and they demon-
strate whether the instrumentally measured changes are resulting in
meaningful and perceivable benefits to the user.

Clearly, the selection of measurement(s) must be made appropriately for
the products being evaluated. Moreover, it is axiomatic that they are made in the
context of the study objectives. No measurement is perfect; all have cost and re-
source requirements associated with them, and all have certain limitations.
Choice of measurement must balance the different study needs, and compromise
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TABLE 1 Comparison of Three Classes of Skin Measurement

Strengths Weaknesses

Instrumental Rapid, objective 
quantification of skin 
condition

Unidimensional, provides 
clear measure of singular 
aspects of skin condition

Uniform measurement; 
lower operator 
dependency than other 
methods

Wide variety of instruments 
for various skin attributes

Unidimensional, takes 
individual aspects out of 
context of entire skin 
condition

Capable of measuring 
parameters that are 
imperceptible or 
consumer irrelevant

Not always able to detect 
confounding influences

Expert visual Holistic, integrates 
numerous aspects of 
condition into 
measurements

Can make judgmental 
comparisons of different 
skin types or sites

Measurement capability 
continually improves 
with additional 
experience

Requires rigorous training 
and experience

Dependent upon individual 
grader for consistency

Limited to superficial (i.e., 
visible at the surface) 
conditions

Subject self-
assessment

Direct measure of user 
perceptions

Can quantify visual and 
sensory attributes

Can be done almost any 
time, anywhere, and 
under a variety of usage 
conditions

No frames of reference; no 
consistency in grading 
between subjects

Perceptions can be highly 
influenced by unrelated 
external stimuli

may be necessary. Careful consideration must be given to what information is
needed and what methods are best suited to provide it.

2.3 Establishing the Protocol

While measurements may be the defining aspect of the trial, they are nevertheless
only tools. It is the protocol for the trial that provides the framework in which the
measurements are made. In line with the choice of measurements, the protocol
must be defined appropriately for the objectives of the trial. Dry skin has a wide
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range of etiologies, and dry skin treatment can be achieved through a variety of
routes such as occlusion, humectancy, preventing dryness, and healthy skin repair
[29,32]. Thus, the difficulty facing the product investigator is that there is no sin-
gle all-encompassing clinical approach that addresses all of the aspects of product
performance.

For the evaluation of leave-on moisturizing lotions, common clinical test-
ing approaches can be divided into two groups: single application trials and mul-
tiple application trials, each of which can be further divided into trials for short-
or long-term effects (Table 2). Each has its own distinct purpose, which must be
considered in developing a clinical testing program.

Single application tests assess the physical changes in skin due to the prod-
uct and predict the physiological changes with repeated use. In short-
term moisturemeter hydration tests, measurements can be made within
seconds of applying lotion. This is appropriate for determining the im-
mediate, even instantaneous effect of a lotion on skin but is extremely
weak for predicting long-term repeat use benefits. The entire study usu-
ally takes place under controlled indoor conditions to eliminate environ-
ment effects. This test can be used to compare the overall moisture de-
livery of competing products.

The longer-term moisturemeter hydration test measures the persistence of
the immediate physical changes to skin. It is often used to demonstrate
“all-day” or “24-hour” effects. Due to the length of time involved, ac-
commodation for panelist comfort must be considered; however, pan-
elist activities can add variability to the measurement. This test can be
used to compare the long-lasting moisturization ability of competing
products.

Multiple application tests assess the true physiological changes in skin over
time. The advantage of tests with a 3-week or longer treatment phase is that it al-
lows time for complete stratum corneum turnover.

A test of 1 to 2 weeks with no regression shows the rate of benefit, that is,
the rate of healing of dry skin. Traced over time, it is a strong predictor
of overall benefit, though the skin may not achieve a level of complete
recovery. This test can be used to compare speed of benefit between
competing products.

The miniregression test shows the rate of healing and better predicts the
overall benefit by also showing the persistence in regression. This test
can be used to compare speed of benefit and predict the quality of that
benefit between competing products.

The Kligman regression test shows the speed of benefit as well as the over-
all benefit of treating skin through a complete cycle of stratum corneum
turnover. Further, it separates the cosmetic (superficial) benefit from
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substantive benefits by measuring how well the fully treated skin per-
sists in regression. This test can be used to directly compare the overall
effectiveness of competing products to treat dry skin and improve skin
quality. 

The nutrition protocol ignores speed of benefit to focus on the quality of the
skin due to product use. More than just measuring persistence of benefit
in regression, it measures the resistance of skin to external assault as in-
dicator of the underlying skin health condition. This test can be used to
compare the overall effectiveness of competing products to restore skin
health.

The selection of measurement tools and general framework for the study
provide the necessary structure for a well-designed protocol. But regardless of the
approach taken, numerous aspects must still be considered which not only define
what must be done, but ensure that the results are scientifically sound. There is no
single right way to conduct a clinical trial, though there are always opportunities
for improvements. (It is the nature of scientists to provide critical review and
identify what could be done better.) General protocols such as the regression test
provide well-established principles, but the specifics of the trial must be given in-
dividual consideration in the detailed protocol. The product investigator actually
has wide latitude to tailor a study to particular needs and must demonstrate sound
rationale for decisions.

3 DETAILED CONSIDERATIONS OF 
CLINICAL DESIGN

To fully elucidate the effects of a moisturizer on skin requires careful planning,
and every aspect of the study must be considered. These considerations go far be-
yond the mechanics of the test and measurement tools. Some considerations that
can impact on a study’s outcome have been well described in the literature, such
as the effect of weather, environment, temperature, and humidity on skin mea-
surements [32–37]. General descriptions of how to design and conduct trials are
harder to come by, although some excellent references can be found[38–41].
However, the real details of how a study is conducted are often the result of years
of experience by the investigating lab. These details become part of the operating
routine and are often taken for granted as their standard, good practice. While
some of these details may not be formally documented in the study protocol, they
are extremely important for a well-designed and well-conducted trial.

Following is a reference list of points to consider when developing a proto-
col or conducting a clinical trial. This list is not nearly exhaustive, but is fairly ex-
tensive. Thinking through these points will place detail on the general protocol
framework and help create an unimpeachable study design. The points are dis-
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cussed with respect to the clinical evaluation of dry skin and are relevant to all
manner of dry skin trials from the 2-hr hydration trial to the 6-week full regres-
sion trial.

3.1 General Factors

The first level of detail is to define the structure of the trial. Following are some
operational parameters that define the framework for the protocol.

3.1.1 Statement of the Test Objective

An obvious and necessary part of any study, a well-written objective will clearly
articulate what is to be achieved from the trial in a just few words. This objective
statement is the first stake in the ground and every aspect of trial must be mea-
sured against this statement. Therefore it must be the first consideration for the
detailed protocol and should be written specifically to the desired test. Broad or
generically written objectives should be avoided.

3.1.2 Body Site

Where on the body to focus treatment is not a trivial question. Legs, forearms,
hands, and face are the most commonly used sites and each has its strengths and
weaknesses. Site selection must balance the study objectives with the practicali-
ties of the clinical method. Most dry skin clinical trials are conducted on legs,
hands, and forearms and to a lesser extent on faces. Table 3 provides a compari-
son of strengths and weaknesses of each site. Other areas such as feet, knees, and
elbows are occasionally used when there is specific interest.

3.1.3 Number of Cells and Cell Size

Statistical analysis can predict the minimum panel size required to show an ex-
pected level of change where the level of variability is known. However, data
variability are not always known. Moreover, very large samples can sometimes
be used to demonstrate statistical significance on small differences that are nei-
ther consumer perceivable nor relevant. Another chapter in this book provides
thorough discussion of statistics and relevant cell size.

The product investigator who operates in the real world must think beyond
just the theoretical considerations and must also consider the practical aspects of
panel logistics. For example, how long each measurement takes will limit how
many panelists can be assessed in a given period of time. Equally important is
clinician fatigue that will occur with repetitive measurements. Both of these is-
sues have direct bearing on sample size and the number of cells that can be run by
exerting very real practical constraints. For reference, regression tests have typi-
cally ranged from 10 to 20 subjects per cell, while hydration tests typically range
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TABLE 3 Comparison of Body Sites in Dry Skin Testing

Strengths Weaknesses

Lower legs Excellent display of 
dryness/flaking

Ideal for a two-product direct 
comparison test

Suitable for treatment by the 
subjects at home

With clinician application, 
suitable for testing up to six 
products simultaneously

Awkward to evaluate
Not highly exposed to the 

environment
Shaving may be restricted to 

prevent interactions
Does not exhibit erythema

Hands Wide range of dry skin 
symptoms

Receives the greatest amount 
of environmental exposure

Highly relevant to consumers
Excellent for treatment by the 

subjects at home

Not appropriate for two-
product direct comparison 
due to potential for cross-
contamination

Wide variability in symptoms 
between subjects; may be 
difficult to assemble 
homogeneous test cells

Not suitable for some 
instrumental evaluations

Forearms Easily accessible; ideal for 
two-product direct 
comparison test

With clinician applications, 
suitable for testing up to 
four products 
simultaneously

Ideal for most instrumental 
measurements

Not highly exposed to the 
environment

Does not exhibit erythema
Lacks range of dryness 

symptoms of hands or legs

Face Most appropriate for testing 
facial products

Unique skin type cannot be 
perfectly modeled 
elsewhere on the body

High level of environmental 
exposure

Wide range of dry skin 
symptoms

Not well suited to two-product 
direct comparison tests

Not suitable for some 
instrumental evaluations

Subject compliance is constant 
issue

Limits to degree of dryness 
many subjects will allow

Limits to extent of what many 
subjects will apply
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from 20 to 30 per cell. In the end, actual study size must be established within the
context of what can effectively be handled by the lab.

3.1.4 Control Products

Control cells generally come in three varieties:

Positive or benchmark product: a product with a known effect against
which other products can be compared.

Negative or placebo product: a nonperforming product or a vehicle product
(test product minus “active” ingredients) to monitor background “noise”
which can be factored out of the test results

Untreated: baseline skin left on its own.

Typically a hydration test will include an untreated cell as the baseline reference.
Base vehicles are often used in a two-product direct comparative leg regression.
In a regression test, benchmark products are often included as a common point of
comparison across trials.

3.1.5 Number of Products per Subject

Hand trials are usually limited to one product per subject due to the propensity for
cross-contamination. In multiple application tests where home applications are
performed, no more than two products per person should be considered in a leg
test (left leg/right leg) and only with great effort made to insure there is no poten-
tial for cross-over or left/right confusion. Clinician controlled application tests
can comfortably accommodate up to six sites on the legs (three on each leg) or
four on the forearm (two on each arm).

3.1.6 Test Duration

Study duration depends first on the study objective. Measuring the “immediate
moisturization” can be accomplished in under 2 hr, but demonstrating persistence
of the moisture will require a longer time. Skin hydration tests are commonly
conducted over a 4-hr period. However, if a specific claim such as “lasts all day”
is sought, then test duration must be extended appropriately. To see beyond hy-
dration effects, the first indications of physiological improvement usually require
multiple applications over a few days and full recovery may require up to several
weeks.

While scientific requirements should be the primary factor in deciding how
long to run a study, environmental issues, panelist concerns, and logistics must
also all be considered. As discussed next, unpredictable weather conditions are a
significant risk in multiweek trials. Longer studies also have more difficulties in
maintaining panelist interest/compliance and are inherently more complex to or-
ganize and more costly to complete. Even with single-day trials, the logistics of
organizing panelists for a 4-hr study is much different than for an 8- or 12-hr
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study. The requirements for test duration must be considered in context of real
world constraints.

3.1.7 Test Period/Environment: Weather, Season, 
and Location

Weather plays a significant role in the induction and maintenance of dry skin and
therefore is an overarching force in dry skin evaluation. The relative effectiveness
of moisturizing products can appear very different when evaluated in the dead of
winter versus early spring. For a regression test, it is not possible to evaluate dry
skin under anything other than dry skin conditions; however, depending on the
product, very harsh conditions are not always required. For example, a hot dry
desert condition (such as 90+°F with average RH consistently under 40%) can in-
duce skin dryness, albeit without the severe cracking and chapping of cold dry
conditions. This may be ideal for testing a light, everyday moisturizer, but for that
heavy occlusive skin protectant more severe cold winter conditions may be
preferable, where average temperatures are consistently below freezing.

In trials of a few hours duration, weather and season are less of a factor. As
a model for predicting lotion performance, dry skin can be induced with soap for
2–7 days before the test, and on the day of the trial subjects can be maintained in-
doors in a controlled dry environment (such as 70°F, 40% RH) for the duration of
the test.

In selecting the location and the time of the year, consider what type of
benefit your product will deliver, how much dryness is needed at baseline, and
how weather conditions will affect performance. If the available conditions do
not make sense for your study objectives, be prepared to wait for appropriate con-
ditions or seek an alternative location where conditions are favorable.

For multiweek studies, consistency of weather conditions can be as impor-
tant as the average temperature and humidity. A sudden shift in weather, such as a
period of warm rainy weather, can completely overwhelm product effects falsify-
ing conclusions about product benefits. It is a good practice to define the accept-
able range of weather criteria and be prepared to discontinue a study if the criteria
are adversely exceeded.

3.2 Subject Recruitment

The practical issues around subject recruitment are often overlooked. An ade-
quate supply of bodies is not enough. The following points will help insure the
right panelists are available and that there is no misunderstanding with them over
requirements.

3.2.1 Panelist Criteria

Good clinical practice requires that characteristics of test subject are clearly de-
fined both in terms of what to seek (inclusion) and what to avoid (exclusion). The
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goal is to assemble a group of potential subjects from which homogenous subsets
can be assembled for testing. General inclusion criteria to consider may include
sex, age, and skin type as well as availability to participate. Exclusion criteria
may cover skin diseases and use of medications, known sensitivities, and partici-
pation by pregnant or nursing women.

In addition to these, criteria for the acceptable type and quality of skin nec-
essary for dry skin testing should be established. For dry skin testing, it is self-ev-
ident that you need dry skin. Valid comparisons across test cells require that ho-
mogenous groups are established at baseline. Therefore, to insure adequate
dryness is available, set specific criteria for acceptable dryness and be prepared to
dismiss panelists who fail to achieve it. If necessary, a pretrial dry-down or pre-
conditioning period can be used to induce dryness.

In studies involving contralateral sites on arms or legs, panelists should ad-
ditionally show bilateral consistency at baseline, that is, both legs (or arms) with-
in each subject should be similar. Likewise, for a multiproduct trial, the entire test
area on each leg (or arm) should be uniform. Inconsistencies at baseline immedi-
ately create variability and can set up for inequitable and unfair comparison after
treatment.

Some typical criteria to be considered in dry skin clinical testing on legs are
listed in Table 4.

3.2.2 Over-Recruitment Factor

After initial telephone recruitment, it is not uncommon to for some studies to ex-
perience 10–20% no-shows at the start of the trial. Moreover, if a dryness or skin

TABLE 4 Typical Basic Dry Skin Panelist Criteria

Inclusion Exclusion

Females, 30–60 years old
Willing and freely able to 

participate, agreeable to all 
directions, and available to attend 
all scheduled appointments

Exhibiting moderate to marked 
visible dry skin on test site (grade 
2–3 on 0–4 point scale) at baseline

Exhibiting uniformity of dryness 
across contralateral test sites on 
legs

Pregnant or nursing females
Visible skin disorder at or near 

treatment site
Under the care of a dermatologist 

and/or using topical prescriptive 
or OTC treatment

Use or prescriptive medications that 
can increase skin sensitivity or 
reactivity (e.g., retin A or 
tetracycline)

Known history of sensitivity to 
cosmetic products or ingredients
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condition criteria is established, losing a certain percentage of panelists at base-
line must be expected. To prepare for this, studies should be over-recruited by an
appropriate factor, perhaps as much as 50% if criteria are very restrictive. It is al-
ways better to start a panel with an excess of acceptable panelist than to have to
consider changing criteria because insufficient panelists are available.

3.2.3 Panelist Restrictions

During recruitment, well in advance of the start of the trial, it is important that
subjects fully understand the personal restrictions to be placed on them, that is,
the products that they cannot use and activities they must stop. The restrictions
should also be fully spelled out in the panelist paperwork. This will help insure
compliance and avoid misunderstandings later. Similarly, in multivisit trials, pan-
elist must commit to the observation schedule and understand the penalties for
not following it.

3.3 Grading/Measurements

As discussed earlier, the three-prong approach of expert assessment, instrumental
assessment, and self-assessment allows the results of one method to be corrobo-
rated and reinforced by the others. Within these three categories, the choice of
techniques must be rational and appropriate to the objectives. More measurement
is not always better. Data from measurements that are irrelevant to the objective
or, worse, inappropriate to the objective can be a distraction and waste resources.
Quality data will flow from a well-conceived set of measurements.

3.3.1 Expert Visual Grading

Dry skin condition is typically graded in terms of its main symptoms, flakiness
(scaling), roughness, and erythema, though it is also common to use a single as-
sessment of overall dryness. Because expert grading is only as good as the expert
grader, experience and training is critical. The use of photographic reference stan-
dards and/or descriptive texts to define grading levels is strongly recommended
[42,43]. Because visual grading is subjective, all expert grading scales should be
described in the protocol with the precise language used to delineate scale points.
It is the ability to discriminate each point unambiguously that defines the limits of
sensitivity.

Even the most experienced graders are not free from potential bias. To en-
sure complete objectivity of the visual grading procedures, visual assessors must
be completely independent of all other aspects of the trial and must be blind to the
products being tested and the allocation of cells. Grading must also be performed
absolutely, that is, how it appears at that moment. There should be no reference to
prior data for comparison.



483Clinical Testing of Moisturizers

3.3.2 Bioinstruments

The many instruments which are available to quantify a wide range of physical
attribute are discussed in detail elsewhere in this volume. For the study designer,
the selection of instrumental measures must be relevant to the objectives and
should be aligned with expert grading. Procedures for bioinstrumental readings
must be defined in the protocol, for example, that three replicate readings are be-
ing taken and averaged for each measurement. Also, in that skin can be influenced
by transient environmental conditions, the protocol should specify the acceptable
test conditions for instruments.

3.3.3 Self assessment

In clinical testing, self-assessment is not the same as in consumer panels. Where
consumer panels are interested in likes and dislikes of product attributes, self-as-
sessment clinical grading is concerned with how skin looks and feels to the user.
Clinical self-assessment demonstrates whether the changes in skin condition are
resulting in meaningful and perceivable benefits to the subject. It also allows
measurement of a much richer set of attributes than can be achieved with either
visual or instrumental evaluations both in terms of descriptive attributes (such as
roughness, redness, chapping, and cracking) and in terms of sensory attributes
that cannot be otherwise measured (such as soreness, itching, tight feel).

Self-assessment scales are commonly of two types. The first is analog, or
line scale, where subjects place a mark anywhere along a continuous line between
two endpoints. With this type of scale the relative distance from the end point is
simply measured and recorded. The alternative is a fixed interval scale, where
subjects select a relative grade of increasing severity, usually a series of bubble
dots. In either case, the language used to define the anchor points must be clear
and unambiguous (Table 5).

Self-assessment within a clinical trial can not replace consumer testing. The
relatively small sample size and controlled structure of the clinical trial are inap-
propriate for measuring consumer habits and attitudes. Within a clinical trial, self-
assessment should remain focused on the perception of skin condition (physical
and sensory) and the changes in condition due to product use.

3.3.4 Order of Measurements

Instrumental probes that contact the skin can alter the test sites. It is also difficult
to keep the subjects from having an awareness of the various evaluations, even if
they are not fully understood, and this can bias their own perceptions of skin con-
dition. Therefore the order of measurements should be thought through in terms
of how each could affect the next. It is generally good to allow subjects to com-
plete their self-evaluation first, with visual expert assessments next, followed by
any instrumental measures in order of increasing invasiveness.
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3.4 Observation Events

Observation is the essence of a clinical trial. When all is done, the output of the
study is the collection of observation data. Exactly how, when, and under what
conditions the measurements are taken must be well documented in the protocol.

3.4.1 Equilibration Period

Transient activities and environmental conditions can temporarily affect the
physical properties of skin. For example, the face can become flushed coming in-
side on a brisk day or perspiration can increase with nervousness. Subjects need
to accommodate to the testing environment prior to measurements being made. A
quiet period of 15–30 min is generally accepted as sufficient to equilibrate to the
testing conditions and allow the subject to reach a relaxed physiological state.

3.4.2 Blinding Procedures

Double-blind procedures are necessary to prevent product knowledge by subjects
and evaluators that could bias study results. Because they are such an important
part of good clinical practice, the specific blinding procedures should be defined
in the protocol. A double-blind trial includes both product and assignment blind-
ness, that is, all products are in coded plain white containers and evaluators are
unaware of which subjects are using which products.

3.4.3 Frequency of Observations

A study with only two observations, baseline and end point, leaves much to be de-
sired. A schedule of interim observations provides valuable insight into how the
skin reacts to the product over time, which allows a time course of improvement
to be plotted. A sensible time response profile is a very good indication of a valid
study. For a multiweek test, a schedule of Monday/Thursday or Monday/Wednes-
day/Friday is typical. Daily observations over several weeks are not usually nec-
essary, except perhaps at the very start of the treatment or regression phases. In
single application trials, readings at 30- to 90-min intervals are common, with at
least two interim observations between baseline and the end point.

3.4.4 Observation Schedule

Diurnal rhythms can have a significant physiological effect with potential impli-
cations for clinical measurements. In addition to natural cycles, the time gap since
morning shower or last product application should be consistent among subjects.
If it is not possible to ensure uniformity, having each subject evaluated at the
same time at each observation and having subjects from each study cell uniform-
ly distributed throughout the observation day can at least minimize the diurnal
effects.
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3.4.5 Condition of Skin Immediately Prior to Measurement

Skin reflects not just the effect of treatment, but the transient effect of any activi-
ty prior to measurement. For example, baseline hygrometer measurements can be
depressed immediately following a wash cycle or the visual appearance of dry-
ness can be affected by the presence of residual product still on the skin. Because
activities immediately prior to measurement can affect the measurement, the pro-
tocol should describe how skin is to be prepared. For example, in hygrometer
studies, a standard mild wash procedure can be implemented across all subjects
30 min prior to the baseline observations. For regression studies, daily treatment
on observation days can be delayed until after observations are complete.

3.4.6 Number of Independent Judges

Despite all efforts to ensure any two judges work similarly, there is always poten-
tial for inconsistencies between them to occur. It is more important that judges re-
main consistent within themselves (intrajudge consistency) than between other
judges (interjudge consistency). A practice to avoid is one judge being responsi-
ble for half of the study and another judge being responsible for the balance, or
some other such configuration. In any trial, a single primary judge responsible for
all observations throughout the study is ideal.

3.4.7 Observation Schedule: Timing and Traffic Flow

Machines never tire, but people certainly do. It is difficult to maintain the same
mental acuity for assessing the 99th panelist as the 9th panelist. A rule of thumb
would be to determine the typical amount of time it takes to complete an observa-
tion, then allow 50% more time. This will prevent the pace from becoming too
hectic. Short breaks should also be scheduled every hour to prevent fatigue. Pan-
elists too will become fatigued if they are endlessly probed by a succession of in-
struments. When setting up a schedule, consider what is reasonable for subjects
as well. The pace and break schedule will define the throughput, that is, the num-
ber of panelists per hour, that can be evaluated; the throughput in turn defines the
total number of subjects that can be evaluated in a day. The total subjects that can
be evaluated is often the maximum limit for participants in your trial.

The daily observation schedule should be described in the protocol. In a re-
gression test, throughput of 10–20 subjects per hour is reasonable, depending on
experience and efficiency of the clinicians. In a hydration test, throughput of 30
subjects per hour can be achieved.

In a trial where multiple measurements are being collected by different cli-
nicians, a panelist checklist is recommended. The panelist follows the list in se-
quence to be sure the correct order is maintained, and as each measurement is
completed it is initialed by the clinician. Before the subject is dismissed, a check-
list is reviewed to make sure everything has been completed.
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3.4.8 Lighting and Environmental Conditions

For all observations—visual, self-assessment or instrumental—consistency of
conditions is very important both from one observation to the next and from one
panelist to the next. Visual evaluations are best done under fixed lights and away
from windows where sunlight changes throughout the day. A 2x magnifying ring-
lamp is commonly used for dry skin visual evaluation. Instrumental measures
benefit from having subjects equilibrate to a standard indoor temperature and hu-
midity. For single-use tests, an air conditioned lab with good control is generally
acceptable; for more rigorous control, a humidity/temperature control room is
recommended.

3.4.9 Bathing and Shaving Restrictions

In studies over several weeks, it is recommended to standardize the bathing habits
of subjects, for example, by issuing a standard mild soap bar and requiring all
bathing be done in the morning, within 30 min of product application. Shaving
during leg trials poses a particular challenge as shaving can exacerbate the ap-
pearance of dryness. A uniform schedule of how and when to shave should be in-
cluded in the panelist instruction.

3.5 Sample Administration

In any trial, the product is usually the only thing subjects are concerned with. In
clinician applied studies, subject interaction with the product is minimal. But in
trials with home applications, the product is the most prominent source of infor-
mation disclosed to subjects. In such trials, products must be presented without
bias and should be adequately blinded. Label contents and product handling
should be defined in the protocol. The following points are relevant only to clini-
cal studies involving at-home application.

3.5.1 Uniform Packaging

Ideally all products would be presented in identical plain, coded containers. If
product forms are different (creams versus lotions) the different packaging should
be nondescript. Pump packages are preferred as they insure a more uniform
dosage.

3.5.2 Descriptive Label Contents

Labels should contain absolute minimal descriptive information about the prod-
uct. Three pieces of information are sufficient: study number, a cryptic product
code, and a unique bottle number or subject identification. Good product codes
are randomly assigned letter/number combinations. Bottle numbers can be se-
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quentially assigned independently of product codes to aid in traceability of the
products.

3.5.3 Warnings/Restrictions

If necessary, warning and caution statements must be included on the package. It
is good practice to include a contact phone number in case of emergency on the
label. Additional information may be provided in an accompanying sheet.

3.5.4 Weight Record and Sample Disposition

It is good practice to preweigh all bottles and reweigh at each observation. Using
the bottle numbers, products can be traced to the individual panelists, and non-
compliance (subjects applying too little or too much product) can be identified.
Clinical test products must always be returned by the end of the trial, even if re-
turned empty.

3.5.5 Retained Samples

It is always a good practice to retain one to three additional samples of each test
material in the test package for reference during and after the study.

3.6 Pretreatment Phase

To evaluate the effectiveness of a dry skin treatment requires some degree of dry
skin at baseline. The greater the initial level of dryness, the greater the potential
for demonstrating effects. In the real world, few people allow their skin to reach
marked or severe levels of dryness without taking action, therefore some type of
pretreatment may be needed. In designing the dry skin protocol it is necessary to
define the acceptability criteria for dryness, and if a pretreatment phase is needed,
then the means for achieving baseline dyrness must likewise be defined.

3.6.1 Product Use/Exclusion

The generally accepted means of achieving sufficient baseline dryness is with a
moisturizer weaning period, that is, where all cream/lotion use is stopped. For leg
studies, the use of moisturizing cleansers or moisturizing leg shaving products
must likewise be discontinued. During this phase subjects should be supplied
with a commercial mild cleansing bar (such as Dove) for general bathing.

3.6.2 Length of Preconditioning Phase

Inducing dryness too harshly can lead to irritation. Superficial dryness for single
application studies can usually be achieved in 24–72 hr even under moderate dry
skin weather. Moderate to marked dryness for regression tests typically requires
3–7 days under more severe dry skin conditions.
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3.6.3 Soap Washing Procedure

If weather conditions are severe, adequate dryness will occur naturally with lo-
tion weaning. To enhance the drying process when necessary, a routine of two or
three times daily washing can be included. A dry-down wash procedure is more
stringent than an ordinary wash. For example;

Lather bar in wet hand 10 rotations in 10 seconds.
Apply lather to wet leg (or arm) and lather test site for 30 seconds.
Rinse site thoroughly with water.
Lightly pat dry.

Note that overwashing, especially with plain soap, must be avoided as it can go
beyond flaky dry to a condition where surface squames are removed and skin
lipids are hyperdepleted.

3.7 Product Treatment Phase

Whether the product is applied once or repeatedly, by clinician or by subjects at
home, questions of how the products are applied, how much is used, where it is
used, when it is used, and when it is to be avoided must all be answered. In a con-
trolled clinical trial, the goal is to eliminate the variability of consumer use by
defining every aspect of the treatment phase so that all subjects across all product
groups are doing the exact same thing. Only by ensuring consistency across the
groups can valid comparison of the groups be made.

3.7.1 Usage Rate

The rule set down by the FDA in the 1970s for sunscreen testing was to apply a
uniform film of lotion at a rate of 2 mg/cm2 [44]. This standard has been widely
accepted for any lotion treatment, as it is in fact a reasonable amount. Higher ap-
plication levels lead to excess on the skin which is unpleasant to the subject and
will likely get rubbed off anyway.

For clinician-applied studies, test sites of 15–30 cm2 are typically marked
on the arm or leg. Treatment amounts are precisely dispensed using a pipette and
rubbed in uniformly within the demarcated area with a gloved finger.

Because trials with home application cannot achieve this level of precision,
detailed instructions to the panelists are required. For example, a pump which dis-
penses 0.5 g per press can be used as a convenient means of dispensing a standard
dose. An instruction to apply one pump of product to the lower outer leg and rub-
bing in thoroughly is acceptably close to the desired application rate and, at the
very least, is a uniform application procedure across test groups. In general, 0.5 g
of a facial product is adequate for treating the entire face, while 1 g of a hand lo-
tion is needed to treat both hands.
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3.7.2 Frequency of Application

The original regression method called for twice daily application. At this rate,
skin generally improves slowly over a week or two. While more frequent applica-
tion would appear to allow skin to improve more quickly, much of the additional
“benefit” would be cosmetic only and it could obscure the differences in real per-
formance between products. Moreover, twice daily is a very easy routine for
home-based panelists to follow: once when subjects get up in the morning and
again before going to bed at night.

3.7.3 How Long to Use Product

For regression testing, 1 week is minimum to begin to see true physiological ef-
fects (i.e., discernable from mere cosmetic effects). In 3 weeks the skin has
achieved full stratum corneum turnover so the entire skin layer at that point is the
result of the treatment product. Two weeks is a middling approach that gives a
performance prediction very near the 3-week results.

3.7.4 Weekend Treatments

The original regression test discontinued product over the weekends in order to
strip away the cosmetic benefits and view more clearly the substantive benefits to
dry skin. This procedure has its merit particularly where daily applications are
conducted by a clinician. However, for home-use trials, simplicity of routine is
key and it may be better to continue the same daily regimen over the weekends.

3.7.5 Observation Day Treatments

During regression tests, to avoid the cosmetic effect of residual lotion on skin,
there should never be a product application prior to observations. The recommen-
dation is to apply (as usual) the night before, then shower as normal on the day of
the observation to wash away residual product. The daily treatment resumes im-
mediately after the observation session is completed.

3.7.6 Panelist Instructions

Panelist instructions can never be clear enough or simple enough. The treatment
procedure should be described as plainly as possible. On the first day of the trial,
subjects must read these instructions and review them with the clinician. If possi-
ble, the first application should take place at the test center under supervision. A
brief review of the instructions at each observations is recommended.

3.8 Regression

The regression phase is the signature component of the regression test. To proper-
ly evaluate the rate of return of dry skin, as much consideration must be given to
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what panelists do not do during this phase as was given to what they did during
treatment phase.

3.8.1 What Products to Allow/Exclude

All treatment during this phase is discontinued. Panelists continue to refrain from
using their normal lotion products and must continue to use only the prescribed
wash products in the prescribed manner.

3.8.2 Length of Regression

Generally the regression phase is set up as a fixed term of 1–2 weeks after the fi-
nal treatment. Seven days is sufficient to establish a rate of dry skin return though
skin may not reach baseline. A 2-week regression allows skin to approach the
original baseline level of dryness. In the nutrition protocol, regression can be ex-
tended to 3 weeks.

3.8.3 Observation Schedule

The difference between a cosmetic and substantive product should show up im-
mediately after treatment is discontinued, where the healthier skin shows greater
persistence. Therefore, a daily or every-other-day observation schedule is used
during the first half of the regression phase.

4 EXAMPLE PROTOCOLS

From this discussion of points to consider when developing a protocol, it is evi-
dent that there is no single right way to conduct a trial. It is a generally poor prac-
tice to take a standard protocol and use it without thinking through the listed
points to insure that the proposed study design is appropriate for your products
and objectives.

Having said that, some guidance can be helpful. Table 6 provides a side-
by-side listing of typical protocol specifications for four common approaches 
to dry skin. This table provides quick reference for some details of procedures
and provides easy comparison of the size and scope of each procedure. Keep in
mind that these should only be used for guidance; the fine points of your own fi-
nal protocol must flow from your objectives and your consideration of the study
details.
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23
Noninvasive Instrumental Methods for
Assessing Moisturizers

Gary L. Grove, Charles Zerweck,
and Elizabeth Pierce
KGL Skin Study Center, Broomall, Pennsylvania

1 INTRODUCTION

Although the term moisturizer is in widespread use by both lay people and med-
ical professionals, it is a neologism of the cosmetics industry and lacks a precise
definition. It was conveniently coined by Madison Avenue to describe a treatment
for dry skin, which remains one of the most frequent everyday skin problems.
Unfortunately despite the fact that dry skin is a troublesome, disquieting problem
for many millions of people, surprisingly little is known about its pathogenesis.
We do know that dry skin is not a single entity, but rather a family of disorders
that can originate in a variety of ways [1–4].

One type is the temporary dry skin condition which is the inevitable result
of any kind of skin damage whether physical or chemical. This is a stereotypical
response to injury and reflects a repair process in which new skin surface cells are
formed at a greatly accelerated rate. This accelerated epidermopoiesis, which typ-
ically occurs after sunburn, chemical irritation, abrasion, or detergent damage,
causes the skin to be dry and scaly, for example. As pointed out by Marenus [5]
modern moisturizers often contain soothing agents to reduce chronic low level
irritation.
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We also know that some of the more severe dry skin conditions are geneti-
cally determined. Indeed, the biochemical defect in X-linked ichthyosis has been
precisely identified as a lack of a specific enzyme, steroid sulfatase, which is es-
sential for proper utilization of cholesterol in the keratinization process [6]. Other
forms of dry skin are associated with an underlying disease such as psoriasis,
atopic dermatitis, and diabetes or with nutritional problems.

By far the most general form of dry skin is that which is the primary con-
cern of the typical moisturizer user and the focus of this chapter. For a thorough
consideration of such common dry skin problems, one should read the excellent
review by Chernosky [7].

Although it is certainly a gross oversimplification, historically, a reduced
water content of the stratum corneum has been thought to be the key causative
factor in skin dryness. There are two reasons for suggesting this. First, consider
that dry skin problems are heavily influenced by weather conditions. Dry skin is
far worse in the winter months when low relative humidity is often accompanied
by low temperatures, strong icy winds, and dry overheated homes. The dry, hot
climate of the desert is also apt to provoke dry skin. The critical factor, as shown
by the thoughtful analysis provided by Gaul and Underwood [8], is the absolute
moisture content of the air. Since the exposed stratum corneum will establish a
hydration gradient in equilibrium with the surrounding air, any drop in the rela-
tive humidity of the environment will lead to a corresponding decrease in skin
surface moisture levels. As shown by Middleton and Allen [9] the suppleness of
the stratum corneum is closely related to its temperature and its water content.
This means that such dry skin is relatively inflexible and inelastic under the pre-
viously mentioned adverse conditions. As a result, it will crack and fissure in or-
der to accommodate body movements, producing one of the more characteristic
signs of dry skin.

The second reason for believing that water content is a key factor in dry
skin is a series of classic experiments performed by Blank [10,11]. He demon-
strated very convincingly in the early 1950s that skin softening was most effec-
tively achieved with water. Even long-term soaking of cadaver skin samples in
various oils failed to produce a comparable degree of softening as a brief expo-
sure to just water alone. Since that time, dermatologists and cosmetic chemists
have emphasized that water is the principal plasticizer of the skin and critical in
relieving the signs and symptoms of dry skin. Even if the therapy is based on an-
hydrous lipids, their effect on water content of the stratum corneum is still be-
lieved to be the keystone for an effective moisturizer.

Thus, it is not surprising that traditional moisturizers are formulated to in-
crease the moisture content of the stratum corneum in two ways:

1. Occlusion. Coating the skin with oils such as petrolatum will retard the
loss of surface water, thus increasing the moisture content of the un-
derlying stratum corneum.
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2. By humectants. Agents such as glycerin, sodium lactate, and PCA,
which draw and strongly bind water, are added to a formulation and
thus help trap water in the skin surface.

Of course, one should recognize that water alone can effectively eliminate all vi-
sual signs of dryness, although only temporarily. In this context, there are no in-
effective cosmetic moisturizers, and the major difficulty facing investigators in
this area is not to be unduly influenced by these transient effects. We must also
heed the views of Prall et al. [12] as well as Wehr and Krochmal [13], who have
found very little conclusive evidence to support a causative role of reduced water
content with skin flakiness. They feel, and we concur, that the majority of mois-
turizers work by merely “sticking” loosened squames back onto the surface,
thereby altering light scatter, causing the skin surface to appear more transparent,
and hence less dry for a short period of time. We agree with Kligman [1,2] that
such products should be classified as being “cosmetic” moisturizers in contrast to
“therapeutic” moisturizers, which in fact modify the dry skin process rather than
simply conceal it.

With these points in mind, let us review some of the clinical and instrumen-
tal methods that have developed to quantify skin dryness and thus allow us to
evaluate moisturizers. Although Marenus [5] has provided some justification for
extending the claims being made for modern moisturizers to include anti-aging,
in this chapter we are going to limit ourselves to the more traditional claims of re-
lieving the sings and symptoms of common dry skin.

2 EXPERIMENTAL DESIGNS FOR CLINICAL STUDIES

2.1 The Regression Method

By far the most widely used clinical method for assessing the efficacy of moistur-
izers is the regression method first proposed by Kligman [1,2] and later refined by
Boisits, Nole, and Cheyney [14]. Such an approach can be used to identify prod-
ucts that are therapeutic moisturizers, which really modify the dry skin process,
as opposed to cosmetic moisturizers, which merely conceal it temporarily. The
most noteworthy change is our preference for middle-aged suburban housewives
over young college co-eds as panelists. Although dry skin occurs across all age
groups, we have found the housewives to have more consistent levels of dryness
and, most importantly, to be far more reliable in complying with the requirements
of the protocol, which include refraining from the use of any products except
those provided during the study. We have also found that more mature volunteers
are quite capable of self-administering the treatments whether using a controlled
dosage or ad libitum application of the products. Nevertheless, we still prefer to
have panelists report to our research center on a daily basis for at least their morn-
ing applications.
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In recruiting volunteers for these types of clinical studies we screen for
those individuals who have a history of dry skin problems of sufficient severity to
require routine use of moisturizers during the dry skin season. We have found it
best to enroll approximately twice as many subjects as needed and require them
to refrain from the use of all products on the test sites for a 2-week pretrial period.
Since many of our studies are run on the lateral aspects of the leg, we also impose
restrictions on the scheduling and manner in which leg hair is removed. Restric-
tions are also placed on the use of such products as Buf-Pufs® (3M, St. Paul)
loofa sponges, and bath oil beads.

At the end of this 2-week pretrial period, we select from these candidates
the best subjects who have appreciable signs of dryness of equivalent magnitude
on the paired test sites. This pretrial period also gives us a chance to determine the
reliability of the panelists and their willingness to fully comply with the require-
ments of the experimental design, especially the restrictions.

Once a panel of 20 suitable subjects is selected, they are treated twice daily
with the appropriate test products on each weekday for the next 2 weeks. In con-
trolled dosing experiments, both applications are made by a technician, who ap-
plies liberal amounts of product with moderate hand pressure for a period of 30 s
per leg. Disposable gloves are worn to prevent cross contamination of test prod-
ucts. Of course, at-home studies with ad libitum applications by the panelists
themselves could also be conducted provided that the panelists are reliable and
properly instructed.

The test sites are evaluated on the first two Mondays (days 7 and 14), and
the study is terminated if improvement is negligible on the second Monday. Oth-
erwise, follow-up observations are made on a daily basis every weekday for the
next 2 weeks, or until the original level of dryness appears. During this regression
period, the application of test products is discontinued, but all restrictions as to
how the test sites are to be treated are maintained. Typical results based on the
classic 6-week Kligman leg regression study schedule, which illustrates the be-
havior of a “cosmetic” moisturizer and a very effective “therapeutic” moisturizer,
are shown in Fig. 1.

This basic design can be followed regardless of whether the test sites are
the legs, arms, elbows, face, or other sites. The clinical expression of dry skin
does vary from site to site, and the grading scale should be adjusted accordingly
to reflect these differences. One effective way to do this is to utilize a comparative
rating scheme in which the grader is forced to choose which of the paired sites is
better and indicate by how much better using the terms slight, moderate, or dra-
matic to describe the degree of difference. Another equally valid approach is to
use a well-characterized scoring scheme that has a sufficient number of grades (6
or more) to allow good resolution between products. We are very much in favor
of the creation of standardized grading schemes which are accepted industry-
wide such as EEMCO (European Expert Group on Efficacy Measurements of



503Methods for Assessing Moisturizers

FIGURE 1 Comparative behavior of a “cosmetic” (B) and a “therapeutic” (V)
moisturizer as revealed by the modified Kligman leg regression test. (From
Refs. 1 and 2.) 

Cosmetics and Other Topical Products) scoring system for evaluating dry skin in
clinical studies [15]. This includes having the expert grader use a scoring scale
which combines all of the major and minor signs of dry skin as well as individual
grades of specific symptoms of scaling, roughness, redness, and cracks/fissures.

We also like the approach developed by Spencer’s group [16] in which a
reference set of standardized photos is used to visually define the grading scheme
for the various attributes of dry skin being evaluated. Not only do such photo-
graphs serve as references for the expert graders to utilize during their actual as-
sessments, but they can also serve in training and rating their proficiency through
an external review process. Moreover, with such a photographic reference sys-
tem, a much clearer understanding of the inclusion/exclusion criteria can be es-
tablished. This is especially important in multicenter studies which involve dif-
ferent expert graders at different study sites.

It is also important to note that the relative merits of the test formulations as
perceived by the panelists should also be ascertained. This can be done by a
forced choice procedure, comparative visual analog scales, or written question-
naires. Also, as will be shown in the sections that follow, there are a number of in-
strumental methods that can be used to noninvasively measure various signs and
symptoms of dry skin in a highly objective manner. Thus we have what is now
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known as the three-pronged approach to claims substantiation, which is based on
ratings by an expert grader, instrumental measurements, and self-assessments by
the panelist themselves [17,18].

2.2 The Mini-Regression Method

As a result of our considerable clinical experience with a wide variety of mois-
turizers and the classic Kligman regression test, we gained the impression 
that we could reliably detect meaningful differences on the Monday morning
after the first treatment-free weekend. Prall’s group [12] had reported similar
experiences. This led to the development of the mini-regression method [19] 
in which the treatment and regression phases were compressed into a single 
week.

As can be seen from Fig. 2, the three-pronged approach also works quite
well in these types of studies. Indeed, if a moisturizer is to be truly successful in

FIGURE 2 The effects of a 6% AHA-containing moisturizer as revealed by dif-
ferent evaluation methods employed during a mini-regression test. (Based
on data presented in Ref. 12.) 
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the marketplace, then all three evaluations should be in good general agreement
with regard to how effective a formulation is.

2.3 Short-Term Hydration Studies

In short-term testing, the effects are usually determined within a few hours after
the initial application of a defined dose of test product to the dry skin site [20–24].
This type of testing is extremely useful during the product development process
since it allows one to determine rapidly which of many possible prototypes might
be the most desirable. The caveat here, and it is a big one, is that this approach
clearly does not allow sufficient time for a therapeutic moisturizer to exert its ef-
fects. Nevertheless, variations on this approach enjoy widespread use. Since just
water alone can provide a dramatic short-term effect, at least 3 hr should elapse
before measurements are taken to eliminate this effect.

3 INSTRUMENTAL METHODS

Because of the increased demand for scientific documentation of advertising
claims made for skin care products such as moisturizers, there has been consider-
able interest in developing instrumental methods for quantifying product efficacy
in vivo [25–28]. The use of instrumental testing techniques by a number of pre-
mier companies has provided them with a significant marketing edge by provid-
ing functional claims and supportive research data to consumers. As a result, we
have seen a large number of reports extolling the virtues of a wide variety of tech-
niques which purportedly can be used to evaluate skin care product performance.

In the following sections we briefly review the most promising of the meth-
ods for their utility in documenting the efficacy of moisturizers. Although
Marenus [5] has provided some justification for extending the claims made for
modern moisturizers to include anti-aging, in this chapter we limit ourselves to
the more traditional claims of relieving the signs and symptoms of common dry
skin. The emphasis is on brevity, and the reader will be referred to appropriate re-
views and research papers for details.

To provide a framework for these discussions we have arbitrarily grouped
the instrumental methods into four broad areas based on some of the classic fea-
tures of dry skin. First, we will deal with the appearance of the skin surface with
its characteristic flaking and scaling. Next, we will examine a number of electri-
cal and spectroscopic methods for determining the water content of the stratum
corneum. Third, discussed will be various mechanical measurements of skin soft-
ness, extensibility, etc., that are an indication of the hydration state of the stratum
corneum. Finally, we will discuss evaporative water loss measurements that can
be used to show the effects of occlusive moisturizers. Of course these features are
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all interrelated to some degree and there can be considerable overlap in what is
being measured by the various instruments.

3.1 Assessment of Skin Surface Appearance

3.1.1 Profilometry of Skin Surface Replicas

There are a number of different ways by which the skin surface topographic fea-
tures can be noninvasively analyzed for degree of roughness. The reader is re-
ferred to a comprehensive review [29] for details of the present state of the art.

One of the most widely used methods has been to cast a replica of the skin
surface by using one of the many excellent silicone rubber impression materials
such as Silflo. A plastic positive can then be cast and measured with a computer-
ized stylus instrument that provides a contour tracing of the surface. A number of
different data formats are possible with such instruments, ranging from a simple
plot of contour along a single axis to a three-dimensional stereograph of the skin
surface topography. Provided that the movement of the stylus is sufficiently accu-
rate, the problem becomes which of the many parameters that can be derived
from such specimens are the best measure of skin surface roughness. As pointed
out by both Cook [30,31] and Makki [32], certain roughness parameters appear to
be more utilizable than others, and they can vary with scanning orientation and
body area tested.

Despite its popularity [33], we do not advocate the use of replica profilom-
etry to evaluate moisturizers, especially if the panelists have flakes and scales.
There are many reasons for this. Among them is the fact that the application of the
silicone rubber material most surely flattens and disturbs the uplifted scales,
which is the primary feature of interest when evaluating a moisturizer.

3.1.2 Scanning Microdensitometry of Macrophotographs

Many investigators have shown that the visual benefits provided by a moisturiz-
ing cream can be photodocumented. Several attempts have been made by Mar-
shall’s group [34,35] to provide a more quantitative assessment of skin surface
texture from such low magnification photographs. This includes using a scanning
microdensitometer to detect the shadows and highlights of the skin surface cap-
tured in the photographic negative taken under standardized lighting conditions.
The resulting contour line is quite similar to those obtained in replica profilome-
try, and calculation of roughness parameters can be done in much the same way.
Although scanning densitometry has apparently been effective in following the
clinical progression of patients with scaling disorders, such as psoriasis or
ichthyosis, it seems less able to discriminate the degree of surface roughness in
normal volunteers before and after application of various occlusive emollient
agents. Thus, it seems that additional improvements must be made if this tech-
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nique is to acquire the resolution needed to deal with more typical dry skin prob-
lems.

3.1.3 Squametry of Tape Strippings/D-Squame 
Adhesive Discs

The use of adhesive tape strippings to facilitate observations of the skin surface
was first reported by Wolf [36]. When tape is pressed against the skin, the outer-
most, loosely adherent portion of the stratum corneum will stick to the tacky ad-
hesive. Thus, upon removal the tape provides a specimen, which retains the topo-
graphical relationships of the skin surface and its pattern of desquamation (Fig.
3). This technique has been called squametry by Prall [12,37] and has been used
extensively by both his group and ours [38] to provide an index of skin surface
scaliness. More recently, D-Squame discs (CuDerm; Dallas, TX) have become a
very popular way to sample the skin surface and objectively determine the degree
of dryness [39–42]. Although there are a few subtle differences in the various ap-
proaches taken by different groups, the basic strategy is still the same, i.e., to use

FIGURE 3 (Top) The use of D-Squame skin surface sampling disks for evalu-
ating skin surface scaliness. (Bottom) Reference photos showing increasing
scaliness levels. (Provided by CuDerm Corporation, Dallas, TX.) 
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an image-processing procedure to enhance and segment out the uplifted scales
captured in such specimens. These objects of interest can be sized and counted to
give a measure of the degree of skin surface scaliness.

3.1.4 In Vivo Image Analysis

Since an image-processing system has a video camera input, it is possible to di-
rectly record skin surface features. Indeed, we have been able to do a near real-
time analysis of skin surface roughness with our Magiscan system [38]. To do so
in a reliable fashion requires extreme attention to standardized lighting and criti-
cal camera angles. The use of special filters, such as those suggested by Dent
[43], can also be used to enhance surface detail. Unfortunately, this all takes time,
and we have found it more productive to take an intermediate photograph with a
conventional 35-mm SLR camera system, similar to that described by Prall’s
group [12]. This means that this approach is converging on the macrophotograph-
ic technique described previously. Recently developed optical instruments
(Scopeman, Microwatcher, Nikon) can collect and store electronic images direct-
ly from the skin surface. High-quality images can be evaluated by expert graders
and/or quantified by image analysis techniques (Fig. 4).

3.2 Assessment of Stratum Corneum 
Hydration State

3.2.1 Electrical Properties

As pointed out in the excellent review by Leveque and de Rigal [44], the flow of
electrical current through the skin surface is related to the water content of the
stratum corneum, and thus offers a noninvasive method for assessing moisturiza-
tion. They go on to describe that there are three distinct ways in which the appli-
cation of an electrical field to the stratum corneum results in current flow. They
are

1. Orientation of dipole moments of various constituents such as keratin
2. Ionic movement within the stratum corneum
3. Water mobility and proton exchange within the stratum corneum

It is obvious that water directly influences only the third mechanism, but it also
indirectly facilitates current flow by enhancing dipole motion and ion mobility
owing to decreased viscosity in hydrated stratum corneum. Unfortunately, agents
other than water can lower skin impedance or resistance to flow. For example,
urea, a common component in moisturizers, can induce changes in keratin dipole
orientation by virtue of its protein denaturant properties. In addition, salts,
whether as components of moisturizers or derived from perspiration, are intrinsi-
cally mobile and will cause a dramatic decrease in stratum corneum impedance. A
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FIGURE 4 Image of scaling obtained by directly photographing skin surface
using macrophotography. 

concern for electrical measurements in some cases is that a product film on the
skin surface can influence instrumental responses. The measurement of skin elec-
trical impedance at different frequencies may help to exclude the effects of prod-
uct residue on skin; however, no commercial instrument currently implements
this technique [45].

Despite these problems, a number of investigators have found electrical
measurements to be useful in assessing skin moisturization. Among the early
workers was Clar [46], who worked at low frequencies where the net impedance
of the stratum corneum is quite high. Unfortunately, her device required liquid
junction electrodes to assure adequate current flow. Not only do these wet elec-
trodes directly affect the hydration state of the underlying skin, they are also oc-
clusive and must remain in place for approximately 20 min for each determi-
nation.

More recently, investigators have employed higher frequency impedance
measurements that allow the use of dry electrodes. The most notable of these de-
vices is the unit developed by Tagami and coworkers [47,48] that is now com-
mercially available as the Skicon-200. This instrument operates at 3.5 MHz and
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uses an electrode of two concentric brass cylinders separated by a phenolic insu-
lator. Their results from both in vitro and in vivo experiments show that imped-
ance drops with increasing hydration. Furthermore, this method has been used by
Tagami’s group [48] and ours [49] to evaluate moisturizers as to their relative ef-
ficacy and duration of effect such as is shown in Fig. 5.

Other devices based on electrical measurements such as the Nova Dermal
Phase Meter [50–52] and the laboratory-constructed wire mesh electrode instru-
ment of Serban’s group [53] have also been used to assess skin dryness and the ef-
fects of chronic treatments with such agents as creams, lotions, and raw materials.
One of the more promising of the commercially available units is the DermaLab
Moisture Meter with Pin Probe recently introduced by Cortex Technology
(Hadsund, Denmark). As shown in Fig. 6 the probe configuration is not the typi-
cal flat electrode design but rather consists of a series of small pins. This arrange-
ment offers two advantages over the conventional flat electrode design. For one,
it is far less occlusive, especially when used with a stand-off device, and the prob-
lem of moisture accumulation under the probe with time is negligible. The other
advantage is that it can be used on irregular and scaly surfaces such as the elbows
or knuckles. With a flat electrode, the observed values are greatly influenced by
how much skin surface is actually in intimate contact with the electrode surface
[54].

Although it is assumed that these measurements are of the most superficial
layers of the skin surface, the depth of the stratum corneum being probed with

FIGURE 5 Impedance and stratum corneum hydration changes with time fol-
lowing the initial application of moisturizers of varying efficacies.
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FIGURE 6 Close-up view of the pin probe used with the DermaLab Moisture
Meter. This configuration is especially suited for making reliable measure-
ments on rough scaly skin such as the hands and knuckles. (Photo courtesy
of Cortex Technology, Hadsund, Denmark.) 

any of these electrical devices has not been well established. Jacques and his
coworkers [55–57] attempted to address this problem by utilizing a very high-fre-
quency microwave device to measure the dielectric properties of the skin. They
were operating in the region where the electrical fields will cause the water mole-
cules to oscillate; and the amount of energy required to do so is dependent upon
their number and hence their concentration. Clearly, microwaves can deeply pen-
etrate within tissue; indeed, this is the basis for microwave ovens. To confine the
microwave field to within a shallow depth of just a few microns, a focused mi-
crowave probe based upon fringe fields between closely spaced electrodes was
created. The ability of the microwave probe to measure differences in skin sur-
face water content was documented in vitro by following the water uptake of
samples of human stratum corneum. In good agreement with other findings, these
data showed biphasic behavior in which water was tightly bound at hydration lev-
els of less than 30% (w/w), whereas it behaved like bulk liquid at higher levels.
Jacques’s focused microwave probe was also employed to measure the water con-
centration profile of human skin in vivo. This stratagraphic analysis was achieved
by spacing the probe away from the skin surface with sections of inert Teflon film
of varying thickness. As anticipated, and consistent with Fick’s law, a nonlinear
water concentration gradient across the stratum corneum was revealed in this
manner.
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3.2.2 Spectroscopic Methods

Photoacoustic Spectroscopy. Another technique that offers the potential
for quantitatively measuring the water concentration profile is photoacoustic
spectroscopy (PAS). For a review of the clinical applications of this PAS method,
the reader is referred to several excellent reviews [58–61]. Briefly, PAS measures
the thermal properties of the stratum corneum by modulating optical radiation
with a beam chopper to create periodic heat waves within this compartment.
These heat waves propagate through the stratum corneum, giving rise to periodic
pressure waves that can be detected at the skin surface by an extremely sensitive
microphone. The distance a heat wave can travel before being dissipated is relat-
ed directly to the thermal diffusivity of the tissue and inversely to the modulation
frequency. This means that by altering the modulation frequency of the optical ra-
diation, one can probe the thermal properties of the stratum corneum as a function
of depth. Although such measurements are experimentally difficult and time con-
suming, the effects of hydration-induced changes in the human stratum corneum
water gradient have been evaluated both in vitro [62] and in vivo [63,64]. The re-
sults revealed that the stratum corneum is nonhomogeneous, and that the outer-
most surface layers dehydrate more rapidly than underlying tissue. The biggest
problem with the PAS technique is that the probe is occlusive and water can build
up during the consuming experiments leading to questionable results.

Infrared Spectroscopy. Attenuated total reflection infrared spectroscopy
has been used by a number of investigators [65–68] to noninvasively examine the
physicochemical interactions of skin and topically applied products. The basic
premise of this approach is that the infrared (IR) absorbance spectrum of water
can be, at least in principle, uniquely identified and effectively separated from the
IR absorbance spectrum of everything else in the skin plus topical product sys-
tem. Once this is achieved, the water content can be quantitatively determined
from the intensity of IR absorbance in that particular region.

In early applications of this technique, the O-H stretching band from 3200
to 3600 cm was utilized to assess skin hydration [69]. More recent workers
[70–72] have used the ratio of the amide I band at 1645 cm to the amide II band
at 1545 cm to evaluate moisturizer efficacy. The idea here is that the amide I band
is due to both protein and water absorbencies, whereas the amide II band is due to
protein alone. Unfortunately, as pointed out by Potts [73], it seems that both the
amide I and II bands of keratin, the major protein component of the stratum
corneum (SC), change with hydration, thus removing the possibility of an ab-
solute determination. Moreover, many moisturizers contain absorbencies which
overlap with and therefore influence the intensity of the amide I band. Thus there
are a number of difficulties inherent in quantitative evaluation of stratum
corneum water content from amide I/II intensity ratios. Potts [74] is a strong ad-
vocate of the use of spectroscopy and feels that these problems can be overcome
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by using a ZWS crystal that has a low refractive index which closely approxi-
mates that of skin and enhances sensitivity. His Fourier Transform IR (FTIR)
spectrophotometer allows rapid data collection and analysis. Moreover, he has
chosen to use an incidence angle close to the critical angle to enhance the depth of
penetration of the iodination into the skin and an optical path enclosed in a dry ni-
trogen purge to eliminate absorbencies due to atmospheric water vapor. With this
arrangement, a minor absorbance band of water centered at 2100 cm has been
found most useful in determining a quantity relative to the hydration of the stra-
tum corneum.

Near-Infrared Spectroscopy. de Rigal et al. [75] have reported on a
method for measuring skin surface hydration levels using near-infrared spec-
troscopy. By comparing the difference at 1100 nm, which is the wavelength at
which the absorption of water is minimal, to that at 1940 nm, where it is strong,
they were able to obtain a measurement that was well correlated to clinical scores
of dryness (Fig. 7). In fact in their hands this measure proved to be far better cor-
related to the degree of skin dryness than did skin surface conductance.

Nuclear Magnetic Resonance. Most of the reports on the measurement of
skin hydration using nuclear magnetic resonance (NMR) have been of the total
skin including the dermis. However, Salter [76] has reported visualizing the hy-
dration-dehydration process using MRI with a resolution of 0.06 mm. After 1 hr
of occlusion with Vaseline, two layers could be observed in the stratum corneum
of the finger pad. These differed in brightness with the degree of hydration, and
over time the outer band disappeared as the surface “dried out.” Unfortunately the

FIGURE 7 NIR absorption spectra of skin showing different levels of dryness.
(From Ref. 75.) 
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resolution is still poor, and this observation has only been made in the finger pad
which has a thick stratum corneum. Nevertheless, Szayna and Kuhn [77] have
shown that the hydration effects of beauty care products on the stratum corneum
could be demonstrated both in vivo and in vitro using high-field MRI and NMR
microscopy.

3.3 Assessments of the Mechanical Properties of
the Skin Surface

3.3.1 Gas-Bearing Electrodynamometer

The gas-bearing electrodynamometer (GBE) developed by Hargens [78] has
proven to be quite useful in determining the viscoelastic properties of skin. The
key element of this device is a highly compliant, virtually frictionless bearing of
pressurized gas. Suspended upon this “gas bearing” is an armature, which mounts
both the force coil and the core of a linear displacement transducer. The arrange-
ment is such that the GBE measures the displacement of a small tab attached to
the skin in response to a rapidly oscillating force placed parallel to its surface.
The resulting dynamic stress–strain diagram (hystersis loop), which instanta-
neously appears on an oscilloscope, can be analyzed to reveal several characteris-
tics such as stiffness, softness, and compliance. It is important to note that the
GBE does not measure a fundamental property of the stratum corneum because
there is a dermal component to these measured properties. Nevertheless, both
Christensen et al. [79] and Cooper et al. [80] have observed a dramatic decrease
in the elastic modulus immediately after the application of water to the skin. Such
a rapid response could not result from the action of the applied water on the der-
mis and clearly indicates that the mechanical properties of the stratum corneum
contribute significantly to the elastic modulus. Indeed, additional studies by both
groups [79,80] as well as Maes et al. [81] have shown there to be a high degree of
correlation of elastic modulus measurements with visual assessments of skin con-
dition by a trained grader. In vitro studies [82] have also shown that dry skin is
generally stiffer than normal skin, and effective treatments such as with glycerin
can indeed soften the skin.

3.3.2 Twistometre and Dermal Torque Meter

The group of Leveque and de Rigal [83] have made extensive use of the
Twistometre® (L’Oreal, Paris) to measure in vivo the influence of stratum
corneum hydration on its extensibility. The Dermal Torque Meter is a commer-
cially available variant of their device (Fig. 8). Both apply a weak torque to a ro-
tating disk that is attached to the skin with a nonslip, tacky adhesive. The torque
is held constant and the movement of the disk is monitored by a rotational sensor
that is linked to a microprocessor that computes the main parameters. The area
subjected to this twisting load is well delineated by a fixed guard ring that is con-
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FIGURE 8 (a) The Dermal Torque Meter for measuring the torsional elasticity
of the skin. (b) Schematic diagram of the Dermal Torque Meter. (Figure cour-
tesy of Dia-Stron, Ltd., Andover, UK.) 

a b

centric to the inner rotating disk. When the distance between the disk and sur-
rounding guard ring is less than 1 mm, the extensibility measurement (Ue) prima-
rily reflects the resistance of the stratum corneum to stretching. Both short- and
long-term studies with a variety of moisturizers and humectants have shown that
this is a sensitive measure for rating such products as to their hydrating efficacy
[83]. Indeed, it has been very nicely shown by Wiechers [84] that measurements
of skin elasticity with the Diastron Dermal Torque Meter in combination with
skin hydration levels by electrical conductance provides an excellent approach
for the formulator to assess performance claims for skin care product ingredients.
It has also been very clearly shown that there is a striking decrease in stratum
corneum extensibility as the severity of dryness increases [85]. By far the most
advanced application of this technology has been the creation of a “skin condition
chart” based on the torsional mechanical properties of the skin as measured with
the Dia-Stron DTM by Salter’s group [86], as shown in Fig. 9.

3.3.3 Coefficient of Friction Devices

Skin friction plays an important role in both subjective and objective evaluations
of many skin surface attributes including roughness and texture [87]. Devices
which have been employed for this purpose include a rotating wheel [88,89], a re-
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FIGURE 9 A “skin condition chart” based on the mechanical properties of the
skin in vivo using the Dia-Stron Dermal Torque Meter. Any person can be lo-
cated at a point indicating their overall skin condition in mechanical terms,
and changes can be shown by movement across the plot. (From Ref. 85.) 
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volving ground glass disk [90,91], a sliding sled [92], and a modified viscometer
[93–95]. In all cases, the underlying principle is that frictional properties of hu-
man skin in vivo can be assessed by determining how much force is required to
drag an object across the skin surface. Although Weinstein [92] states rather mat-
ter of factly that “smoother skin requires less force,” in actual practice the inter-
pretation of differences in frictional properties induced by product application is
very complicated. For example, moisturizers, which smooth and hydrate the skin,
can actually increase friction as a result of increased contact area with the moving
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surface of the measuring device [88,90,92,95,96]. Nacht and coworkers [97] have
suggested that these changes might also reflect an increased adhesiveness of the
stratum corneum in a hydrated state. On the other hand, materials which act as
surface lubricants do indeed lower the coefficient of friction, making the skin feel
more slippery [88,96,98,99]. In the case of a greasy occlusive material such as
petrolatum, a biphasic response can be observed in which initially the coefficient
of friction decreases owing to its lubricant properties, then later it increases over
baseline as a consequence of the increased hydration induced by occlusion [96].

Thus, it is not surprising that coefficient of friction measurements by them-
selves sometimes correlate very poorly with sensory scores of smoothness, as
shown by Prall’s group [90]. While additional studies in this area may correct this
situation, at the present time such measurements do not seem to be useful in pro-
viding a precise and objective measure of skin roughness per se. Nevertheless, the
use of this approach to screen topicals for their after-feel attributes of greasiness
and their moisturizing properties as outlined by Nacht and coworkers [97] should
prove worthwhile.

3.3.4 Scratch Resistance Test

Prall [90] has demonstrated that one of the physical properties of the skin that
contributes to the overall perception of smoothness by the customer is hardness,
as measured by the lowest pressure load which causes a stylus to just visibly
scratch the skin surface. Although not widely employed, many individuals who
suffer from dry skin problems will do an analogous procedure by scraping the
skin surface with their fingernail to reveal underlying defects that might not be so
obvious at first glance.

3.3.5 Sonic Wave Propagation

Experimental results from a number of laboratories have indicated that the me-
chanical properties of the skin vary dramatically with the stratum corneum hydra-
tion. These are often associated with subjective assessments of moisturization, es-
pecially with regard to the ability of the product to make the skin feel soft. For
example, Torgalkar [100] utilized a vibrational device operating in the audible
frequency range (approximately 700 Hz) to impart small amplitude oscillations
normal to the skin surface. By scanning the frequency range, he was able to mea-
sure the resonant frequency of these “ripple waves” and from the known vibra-
tional characteristics of the oscillator device calculate the energy loss of the vis-
cous component of the skin. His results revealed that a continuous and rapid
decline in energy loss occurred immediately after removal of an occlusive wrap
that remained in place on the volar forearm of a subject for 14 hr. Indeed, a con-
stant value was reached within 10 min after the wrap was removed, suggesting
that the outer epidermal layers were primarily responsible for these changes in
“softness.’’
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More recently, Potts and his coworkers [101,102] have extended these stud-
ies of the effects of moisturizers on the viscoelastic properties of the stratum
corneum. Their device consists of a vibrational stylus that lightly rests on the skin
surface. The amplitude of the vibrations propagated on the skin surface is con-
stant over the broad range of frequencies (20–1000 Hz) utilized in this method. A
second pick-up stylus is positioned on the skin surface a few millimeters from the
first. By using a spectrum analyzer, it was possible to determine the time required
for these shear waves to travel through the skin surface and the degree of ampli-
tude dampening as a function of frequency. As demonstrated in Fig. 10, the prop-
agation velocity of hydrated skin was dramatically reduced, especially at the low-
er frequencies where the properties of the stratum corneum are primarily
measured. This group has also shown [103] there to be seasonal and age-related
changes that are consistent with the notion that this approach is indeed an indirect
measure of the hydration state of the outer layers of the stratum corneum, al-
though the exact relationship between frequency and depth needs to be estab-
lished.

FIGURE 10 The propagation velocity versus frequency for shear waves in the
skin of the dorsal hand for one individual. Data were obtained under ambient
conditions (DRY) and after soaking the hand in water for 5 min followed by
brief towelling (WET). (From Ref. 101.) 
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Dahlgren and Elsnau [104] have utilized a similar sonic velocity technique
to assess the relative efficacy of moisturizers. Their results have shown that topi-
cally applied moisturizers do indeed decrease the sonic propagation velocity in
skin and that this decrease is highly correlated with subjective assessments of
moisturization. More importantly, the instrumental changes were noted after only
a few days of use, whereas the subjective assessments took several weeks, indi-
cating that sonic velocity can be a predictive measure.

3.4 Measurement of Stratum Corneum 
Barrier Function

The development of various methods for measuring trans-epidermal water loss
(TEWL) have been comprehensively reviewed [105–108]. Leveque et al. [109]
have shown that there is at least a trend toward higher than normal water loss val-
ues with dry skin. In more severe cases, where the skin is cracked and fissured,
water loss rates are clearly elevated. One would expect that the greater the occlu-
sivity of a product, the greater the reduction in TEWL upon its application, and
this is certainly the case as shown by several studies [110–114]. With the com-
mercially available instruments such as the computerized DermaLab TEWL
Probe (Fig. 11) these types of assessments are straightforward and easy to accom-
plish [115,116]. Some care should be taken to ensure that the amount of product
applied is relevant to the intended use conditions, as a thick film can give an un-
realistically high value [117], and that the ambient temperatures are low so that
sweating is not a factor [118]. In short-term experiments, it is important that suf-

FIGURE 11 (a) The DermaLab TEWL Probe for measuring evaporative water
loss from the skin surface. (b) Schematic diagram of the probe showing the
paired RH and temperature sensors at fixed distance above the skin surface
housed in an open chamber. (Figure courtesy of cyberDERM, Inc., Media,
PA.) 

a b
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ficient time be given for the volatiles to escape from the newly applied formula-
tion as some of these can harm the sensors of the TEWL probe [119].

In dealing with moisturizers that are based on humectants, the situation is
much more complex. Very early studies by Powers and Fox [120] demonstrated
that trans-epidermal water loss was increased, not decreased, when treated with
effective moisturizers. Rietschel [121,122] has confirmed these findings, espe-
cially with regard to the behavior of products containing glycerin. It is known that
the diffusion coefficient increases with increased hydration of the stratum
corneum [123–125], and thus water vapor will move through more readily. This
means that more water is available to the outermost layers of the stratum
corneum, thus leading to relief of the signs and symptoms of dry skin. Unfortu-
nately, damaging products such as detergents will disrupt the barrier properties of
the stratum corneum and also lead to increased flux and elevations in trans-epi-
dermal water loss values. Of course, this is an undesirable consequence of prod-
uct usage.

This means that there is a complex relationship between water content and
flux in the stratum corneum that depends upon skin condition, which has been
beautifully graphically summarized by Loden and Lindberg [20,21] as shown in
Fig. 12.

4 SUMMARY

The methods for assessing the moisturizing efficacy of skin care products range
from relying on the subjective assessments made by the panelists of their own
skin to highly objective computer-assisted instrumental methods. No matter how
accurate and precise an objective measurement may be, the question of relevance
must always be considered. The measurement must ultimately correlate with the
clinical perception of dry skin. At the moment, no one instrumental method can
replace the experienced grader in rating dry skin. Devices invariably measure a
single attribute, whereas the human brain integrates multiple inputs secured from
vision and touch. By employing a battery of instrumental methods we can hope to
gain a much fuller understanding of what defects are responsible for the dry skin
problem, but this should be done in conjunction with, not instead of, the more
classic clinical studies. Indeed, we strongly advocate that a three-pronged ap-
proach based on panelist self-appraisal, expert grader evaluations, and relevant
instrumental measurements be utilized for adequately substantiating product per-
formance.

Each of these methods has its own advantages, disadvantages, and idiosyn-
cracies. We recommend the use of multiple instruments in measuring the effects
of moisturizing products on skin to characterize the broad spectrum of their ef-
fects. We would also encourage the adoption of standard operating procedures ap-
propriate for the study design. Key methodological considerations include sever-
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FIGURE 12 A simplified description of the relationship between TEWL and
the degree of hydration of stratum corneum. (From Ref. 20.) 
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ity of dry skin being studied, product application procedures, time interval after
application before measurement, study duration, and types of instruments used.
We have found that the quality of instrumental measurements depends upon the
use of a controlled environment (temperature and humidity) and the proper accli-
mation of the panelists to that environment.

We cannot stress enough that the operator must have a clear understanding
of their instrument and how to consistently take correct measurements with it.
Many of the modern instruments available today have been made extremely user
friendly by their manufacturers. As a result anyone can plug in an instrument and
within a few minutes begin to acquire readings without needing to understand
anything else. If the readings show that their favorite product is the best, then they
are very pleased with how the instrument performs. If on the other hand their fa-
vorite product doesn’t fare so well, then most likely the new instrument will be
blamed as performing poorly, not the product. Seldom is any consideration given
by the investigator to undertake a proper validation study to learn the true limita-
tions of the instrument and/or product.

Fortunately several groups have begun to address this problem of operator
competency. Chief among them is the International Society of Bioengineering
and the Skin as well as the American-based Dermal Clinical Evaluation Society,
who have from time to time sponsored excellent workshops on how to use some
of the more popular instruments properly. At least one firm, cyberDERM, Inc.,
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has established a formal training program including educational course materials
and proficiency exams that lead to certification of the operator according to facto-
ry authorized standards.
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1 INTRODUCTION

The normal stratum corneum (SC) is composed of orderly interdigitating stacks
of corneocytes coated by layers of intercellular lipids. The protein-enriched cor-
neocytes are filled with a dense array of disulfide cross-linked keratin filaments
bound to filaggrin. Permeating through this matrix are low molecular weight wa-
ter-soluble molecules forming the natural moisturizing factor (NMF), which
largely derives from the enzymatic degradation of filaggrin. The NMF avidly and
effectively binds water. The resulting osmotic pressure inside the cells does not
lead to their disintegration because corneocytes are made of so strong a cross-
linked protein matrix surrounded by a thick cornified envelope, formed itself
from highly cross-linked isopeptide bonded proteins. The lipid-enriched intercel-
lular matrix provides a rate-limiting barrier to water evaporation from the skin
surface and to the transport of other chemicals across the skin. With failure of the
barrier, xerosis develops and may evolve to flaky and scaly presentations (Fig. 1).
This represents an abnormal process of desquamation. In fact, the SC is not sim-
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FIGURE 1 Aspect of the skin surface under ultraviolet illumination (Vi-
sioscan®). (a) Normal microrelief of a forearm; (b) xerosis (dry skin) of the
limb, (c) kerosis (follicular xerosis) of the face.
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ply a collection of dead cells, but rather represents a dynamic and metabolically
active tissue interacting with subjacent cell layers that reacts to various environ-
mental threats [1,2].

The integrity of the SC depends upon the intercellular cohesion provided by
the corneodesmosomes, also called corneosomes [3]. There is ample evidence
that regional differences are present on the body with respect of the structure, co-
hesion, thickness, and functions of the SC. Overall a critical level of hydration is
required to allow the SC to maintain its flexibility and orderly desquamation [3].
Enzymatic degradation of corneodesmosomes by proteases along with glycosi-
dases is inhibited at low environmental humidities [4–6]. Filaggrin hydrolysis
giving rise to the intracellular NMF pool is similarly critically influenced by wa-
ter activity in the SC. However, water is not the single modulator of SC func-
tions. The nature and amount in intercellular lipids are also important. The re-
newal rate and thickness of the SC and the presence of parakeratotic cells are also
key features. Laboratory-based in vitro methods may help in studying these pa-
rameters.

2 METHODS FOR SC HARVESTING

Half a century ago, the ex vivo usage of SC was pioneered to investigate its func-
tions outside of the body influences. Stratum corneum was removed from foot
callus and further dehydrated to demonstrate the effect of water upon flexibility
of the samples [7]. This model proved to be useful and innovative. However, cal-
lus is not representative of SC from other body sites in terms of structure, thick-
ness, and functions.

Powdered human SC is also a product made from foot callus which is cut
into small pieces and ground with dry ice to form a powder. Sieving brings uni-
formity in particle size. The material retains some physical and chemical charac-
teristics of human stratum corneum [8].

Other techniques of SC collection have been described from other body
sites. They are described hereafter.

2.1 Separation of SC from Excised Skin Samples

Skin samples can be collected from cadaver, on surgery and from slaughterhouse
animals. Different methods have been used to isolate the SC from the underlying
tissues. The mechanical method involved repetitive stretching of the skin [9].
This procedure has only a historical value because it is nowadays rarely applied
due to significant alteration of the SC.

Heat treatment of the skin samples is another approach [10]. Placing the
sample for 1 min in a water bath at 60°C allows easy subsequent removal of the
SC with a grip. Minor variants in temperature and incubation time have been de-
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scribed [11]. This treatment is likely to alter the SC structure and functions. How-
ever, permeability properties of the membrane appear unaffected by the proce-
dure [11]. Thickness was found to range between 10–15 µm. Due to the absence
of chemical treatment, this method is still used by some research groups.

Exposure of skin for 1 to 3 hr to ammonia vapor in a dessicator jar followed
by water immersion allows the epidermis to be separated from the dermis [12].
Epidermal cells are then gently scraped off to leave the SC with a thickness
around 25 µm.

Enzymatic treatment using trypsin digestion of the living tissues is still an-
other approach [13]. The skin sample is incubated several hours at 37°C or
overnight at 4°C in a buffered 0.5 or 1% trypsin solution, after which the SC can
be easily peeled off. Trypsin is then inhibited using soybean trypsin inhibitor, and
the SC is abundantly rinsed in water. Other enzymes like dispase can be used sim-
ilarly. However, an enzymatic technique should be reserved for some specific
aims when it has been demonstrated that the treatment is unlikely to interfere with
the SC function under investigation.

2.2 SC Harvesting from Human Volunteers

An SC sheet can be collected from the forearm using a surgical knife and a tweez-
er. This method preserves the SC from any chemical or mechanical alteration and
is often preferred to trypsin treatment for hydration studies [14]. Suction blisters
under negative pressure (2 atmospheres) is applied on a small area of the volar
forearm of the volunteers using a vacuum pump for about 1 to 2 hr [15]. When the
blister is formed, its roof is cut off and the living epidermis rubbed away with a
cotton swab moistened in saline solution. The SC may be full thickness, com-
posed of 14 to 17 layers.

Cyanoacrylate skin surface stripping is an ancillary method used to collect
a few layers of the outer portion of the SC [16–19]. Corneocytes are tightly bound
to the plastic or glass support used for the harvesting process. Horny casts within
the upper part of the hair follicles are also ripped off [20,21].

The stripping of corneocytes from the skin surface using casual adhesive
tapes [22] is nowadays often replaced by calibrated strippings with adhesive-
coated discs (SACD). This method removes fragments of the upmost outer layer
of corneocytes with better reproducibility. Cells collected represent those whose
bond with the underlying SC layers is weaker than with the bond of the adhesive
present on the collecting disc [18,19,23–25]. The pressure applied to the disc
should be carefully controlled [18,19,25]. The contact time between the disc and
the skin affects the data [19,25,26]. There may be some seasonal influence on the
amount of SC collected [27].

The detergent scrub method removes individual corneocytes from the stra-
tum disjunctum [28]. A buffered solution of 0.05% Triton X-100 is placed in a
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glass cylinder held firmly on the skin. The skin surface is rubbed or scrubbed for
30–60 s. The wash fluid contains individual corneocytes.

Forced desquamation using a motorized scrub apparatus with controlled
application force onto the SC represents a significant improvement of the method
[29]. Still another device generates an air current by a turbine, and a woollen pad
serves as a friction element to remove corneocytes [30].

In many experiments, the amount of SC harvested is critical for the inter-
pretation of data. In fact, it may represent the primary parameter to be evaluated
after an in vivo intervention. It may also affect significantly other outcomes in
purely ex vivo experiments. Weighing samples is difficult to perform accurately
due to the variability in the SC dessication according to the ambiant temperature,
relative humidity (RH), and air movement. Other methods include chemical
quantification [31], optical spectroscopy [32], and squamometry [18,19,25]. The
latter method consists of a colorimetric assessment (Chroma C*) after staining
the SC with a solution of toluidine blue and basic fuschin at pH 3.4.

3 SC AND XENOBIOTICS

Many xenobiotics are absorbed to, stored in, and/or transported across the SC.
The SC binding/partitioning of chemicals correlates well with percutaneous ab-
sorption. These biological features can be studied ex vivo on harvested human
SC. Water represents a particular example of such interactions.

3.1 Chemical Partitioning Inside the SC

Many experiments have been conducted to predict chemical partitioning into the
SC in vitro. Most were based on quantitative structure–activity relationships
(QSARs) or on related chemicals to determine the partitioning process.

Human SC has been used as an in vitro model to explore percutaneous ab-
sorption and risk of dermal exposure [33,34]. The traditional method of prepara-
tion uses physicochemical and enzymatic processes to separate the SC from
whole skin. However, it is time consuming and, in some cases, difficult to control
the size and thickness of a sheet of SC.

Powdered human SC can be used to study the partitioning process of di-
verse compounds and to determine which decontaminant might be able to remove
hazardous chemicals from human skin [35,36].

3.2 In Vitro Adsorption on SC

Isolated SC can be used in vitro to investigate the adsorption of various chemicals
[37–41]. This is especially important in the case of products which have to be
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rinsed off like body cleansing products. During the development of cosmetics and
toiletries with skin moisturizing claims, or at least aiming to respect the skin sur-
face moisture, the SC adsorption tests can be used to optimize the formulation in
two ways, namely, by minimizing the adsorption of anionic surfactants and/or by
maximizing the adsorption of emollients or humectants.

The residual anionic surfactants bound to the skin surface induce a percep-
tion of rough and dry skin to the consumer, independently of a loss of moisture
[42]. Understanding and controlling surfactant adsorption to the SC is thus a key
step toward consumer acceptance of cleansing products claiming skin surface hy-
dration. In such a study, SC isolated by trypsin from hairless guinea pig and hu-
man cadaver skin can be used for testing different radiolabeled anionic surfac-
tants [41]. After a defined incubation period, the amount of surfactant bound to
the SC is determined by scintillation counting and corrected for the weight of SC.
The adsorption of several surfactants to SC can be compared, and the effect of
concentration, temperature, and pH of the solutions is conveniently assessed.

Humectants are ingredients which adsorb onto the SC and hold water in it
like a sponge. Examples are sodium lactate, urea, glycerol, amino acids, pyrolli-
done carboxylic acid, and peptides. Emollients participate in increasing the SC
hydration by forming an occlusive coating between the SC and the environment
to avoid the evaporation of moisture from the SC. In both cases, the delivery of
molecules to the SC is a key step which can be investigated in vitro using isolat-
ed SC and revelation techniques depending on the ingredient to be detected and
on the level of quantification which is required [38–40].

3.3 Skin Permeation

The absorption of chemicals through skin can be assessed in vivo and in vitro.
With the current efforts to suppress tests on animals, in vitro tests on excised skin
have become more and more popular for percutaneous absorption studies [43].
For water-soluble compounds the absorption rate-limiting barrier is the SC, while
for lipophilic compounds, the living epidermis is the major barrier to absorption.

Depending on the compounds to be tested, skin permeation studies can be
performed on full or split skin thickness. When the interest is mainly in investi-
gating the passive barrier function of the SC to substances applied to its external
side, the split thickness model is preferred. The skin piece, checked for integrity,
is placed between two compartments. The chamber beneath the skin serves as a
container for a receptor fluid, while the compartment above the skin serves to re-
ceive the topical preparation. Many parameters need to be carefully controlled,
including the temperature of the receptor fluid, the hydration level of the skin, the
vehicle of the test compound and its application mode, and an adequate mixing of
the receptor fluid. Other models using dynamic flux also exist. However, these
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skin permeation tests are essentially used in toxicological studies, rather than for
SC hydration investigations, and the reader is referred to specific literature for a
more detailed description [43,44].

3.4 Predicting Surfactant-Induced Skin Irritation
with the SC Swelling Test

In the original swelling test, square (2 × 2 cm) pieces of guinea pig SC were
weighed and incubated in the appropriate test solutions and reweighed after the
incubation to estimate the extent of swelling of the sample [45]. A revised method
used SC collected by heat or trypsin treatment of cadaver skin samples [46]. Sim-
ilar results were obtained by both procedures. After isolation and drying, the SC
is cut crosswise to the longitudinal axis of the cadaver into strips 0.5 cm wide and
4 cm long. At each end of the strips, plastic tabs are glued resulting in final ex-
posed dimensions of 0.5 × 2.5 cm, and the membranes are hung by one end. The
membranes are then soaked into the solutions of surfactant to be tested and re-
main overnight in a refrigerator. Usually five to six strips are used as replicates.
Swelling of the SC is estimated by measuring the change in length of the long
axis of the strips and the weight.

The more irritant the test solution, the more the swelling of the SC (Table
1). Variants to the technique were described with SC from isolated pig skin [47]
and different incubation conditions (30 min at 40°C). Swelling is evaluated by
gravimetry. Nowadays, the SC sheets are often replaced by commercially avail-
able dried collagen membranes [48,49]. This procedure is faster, does not suffer
from the lack of reproducibility due to the SC preparation, and provides results
similar to the original SC swelling test.

Using these methods, a large series of anionic surfactants were tested and
showed excellent predictability of their skin irritation potential [43,46,48,49].
Nonionic surfactants do not induce SC swelling. Relative to anionic surfactants,
they are usually very mild and this could be considered as an acceptable predic-
tion of their skin irritation, with however a degree of uncertainty. In contrast, am-
photeric and cationic surfactants show no swelling or even swelling inhibition, al-
though several of them are clearly irritants for the skin. The SC swelling test is
thus not appropriate for those classes of surfactants in single solutions. In more
complex systems including surfactants from different classes, the presence of
nonionic, amphoteric, or cationic surfactant is able to improve the skin compati-
bility of anionic surfactants; such an effect can be easily predicted through SC or
collagen swelling tests, which have proved their usefulness in those circum-
stances [50].

As a predictor of the skin mildness/irritation potential of surfactant-based
compositions, the SC swelling test should be considered when developing a prod-



536 Piérard-Franchimont et al.

uct with skin surface hydration claims. Indeed, an aspect of improvement of skin
surface hydration properties relies on a gentle cleansing system. Any irritant hy-
giene product will tend to dehydrate the SC.

3.5 Corneosurfametry and Corneoxenometry

Cyanoacrylate skin surface strippings are the substrate used ex vivo to test the re-
activity and binding of surfactants and other xenobiotics on human SC. Samples
are sprayed onto or immersed inside the test solutions under controlled tempera-
ture and for a defined period of time [18,24,51]. Microwave activation can also be
used [52,53]. Samples are stained by a toluidine blue/basic fuschin solution. Col-
orimetric assessments are used in a reproducible way. Corneosurfametry and cor-
neoxenometry can predict some aspects of skin irritation when the product inter-
acts with the SC [54]. Alternatively, data are interpreted as the expression of the
product binding to the corneocytes.

Both bioassays are influenced by regional variations in the SC structure.
They are also affected by the previous biological history and cumulative environ-
mental threats at the site of SC harvesting. Repeated contacts with dishwashing
liquids significantly increase the corneosurfametry reactivity to a subsequent
standard challenge with a surfactant. Such a negative preconditioning is less
prominent when a moisturizer is regularly applied before harvesting the stratum
corneum for the bioassay (Fig. 2). Indeed, the moisturizer helps to eliminate the
altered corneocytes in vivo, somewhat cleaning the skin surface from partly ad-
herent and altered corneocytes. These latter cells strongly bind the corneosur-
fametry dyes.

3.6 Effect of Surfactants on Corneocyte Aspect

The damaging effects of soaps and surfactants on human SC can be assessed us-
ing small SC discs collected from suction blisters [15]. Samples are incubated for

TABLE 1 Factors Affecting SC Swelling

Temperature Swelling increases with temperature up to a plateau.
Incubation time Swelling increases with incubation time up to a

plateau.
Concentration Maximum swelling at 2–5% of surfactant and then

decreases.
Divalent cations Magnesium inhibits swelling, not skin irritation.
pH pH rise increases the swelling due to anionic

surfactants.
Carbon chain length Maximum swelling around C10–C12 chain length.
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6 hr at 60°C in solutions of surfactants or soaps. Cytological alternations of cor-
neocytes can be evaluated through different parameters: the number of corneo-
cytes released from the SC with time, their size (swelling), and their changes in
shape. This method allows a classification of the tested soaps according to their
irritancy potential. Nonionic and cationic surfactants do not appear significantly
different from water, although some cationic surfactants are skin irritants. Anion-
ic surfactants release more corneocytes, but induce less swelling and changes.
This test is a useful screening tool to determine the irritation potential of soaps. It
also provides insights in the understanding of the interaction of surfactants with
the SC.

Stratum corneum harvested by SACD can also be used to assess the cor-
neocyte integrity after an in vivo challenge. The method is called squamometry S
[25]. Samples are stained by a toluidine blue/basic fuschin solution at a pH about
3.4. The color (Chroma C*) is measured by reflectance colorimetry. In addition,
the microscopic assessment brings information about the shape and intercellular
cohesion of corneocytes [18,25,55].

4 SC AND WATER

4.1 Prediction of Water Uptake by SC

Several groups have run ex vivo studies to investigate water uptake by SC. The
moisture content of the SC is essentially determined by gravimetry [7] and spec-
trometric techniques [56]. In the first case, samples of SC were prepared by
trypsin treatment from human cadavers, dried, cut into small pieces, and weighed.
The SC pieces were placed at equilibrium at constant temperature, but variable
RH, when the samples were reweighed [9]. The gain of weight, relative to the wa-
ter uptake from the environment, was calculated. Up to 50–60% RH, water up-
take is moderate, while further increase in RH up to 90–95% leads to exponential
water uptake. Ambient temperature seemed to affect the uptake of water in the
low humidity range, while not above 50–60% RH, suggesting two different
mechanisms. Gravimetric techniques were also used to determine the effect of
formulations on SC hydration [57].

Spectrometric methods used to measure skin hydration of SC include in-
frared [58], Raman [59,60], and nuclear magnetic resonance (NMR) [61] assess-
ments. Such methods not only provide a quantification of the water content in the
SC, but also bring information on the interaction and mobility between the water
molecules with SC proteins. Among these assessment methods, only NMR is able
to quantitate the hydration profile of the various SC layers and to provide infor-
mation on the concentration gradient of water within the SC [62]. Proton NMR
can determine in the same samples both the total amount and the bound nonfreez-
ing water by recording the spectra below 0°C [61].
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Altogether, the data collected in vitro from the gravimetric and spectromet-
ric technique demonstrate that at low RH water molecules quickly adsord to the
SC and are tightly bound to the SC proteins. Increasing the ambient RH leads to a
slowdown the uptake of water by the SC and make it less temperature dependent.
Water also becomes less tightly bound. At very high RH, part of water is in a liq-
uidlike state [54].

4.2 SACD and SC Hydration

In some instances xerosis, flakiness, and scaliness are related to desiccation of the
superficial part of the SC [2,6]. Assessments of SACD samples can be used to
quantify such a physiological ailment [18,49,63–65]. Several methods of quan-
tification have been proposed. Measuring light transmission through the samples
[63] and weighing them are either not validated or difficult to handle properly. In
particular, data are significantly affected by RH after SACD has been harvested.
Image analysis appears more reliable although technically difficult to handle be-
cause a sophisticated softwave program is mandatory to cope with both area and
thickness of scales [64,65]. Squamometry X (for xerosis) entails staining SACD
using a toluidine blue/basic fuschin solution and subsequently measuring the col-
or (Chroma C*) using reflectance colorimetry [18,19,25]. The effect of moisturiz-
ers can be elegantly assessed by this method (Fig. 3). In fact, moisturizers exhib-
it an indirect corneodesmolytic effect. As a result the amount of corneocytes
harvested by SACD is abated. Time to recurrence after stopping the moisturizing
treatment evaluates the lingering effect of the product.

4.3 Water Diffusion Through SC

When water evaporation through SC is studied on human volunteers, some envi-
ronmental variables and the volunteer physiology need to be rigorously con-
trolled [66]. Temperature, humidity, air flux, psychologic status, sweating, food
consumption, and water hygiene procedure can affect the so-called trans-epi-
dermal water loss (TEWL). Measurements often yield high interindividual vari-
ability.

Using isolated SC in vitro allows one to better standardize the variability
factors linked to the individuals. Furthermore, due to the small size of the sam-
ples, they can be placed in test chambers with well-controlled ambient conditions
[67]. In those studies the SC membrane is mounted, external face side up, above
a water-containing reservoir. Water is maintained at a constant and defined tem-
perature and separated from the SC by a small vapor space. Water diffusion
through the SC membrane can be evaluated by measuring the weight loss from
the water reservoir [7], the water uptake in the environment [68], the flux of ra-
diolabeled water through the SC [69,70], or the water vapor gradient at the exter-
nal side of the SC [67]. Also in the in vitro tests, several parameters need to be
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well controlled. Changes in RH affect the SC water content and hence the water
diffusion rate through the SC [71]. The thickness of the SC also affects the water
diffusion [72]. Studies using SC from different body sites showed huge differ-
ences in water flux, with up to 20-fold differences between abdominal and scrotal
SC [73]. Any treatment of the skin before isolating the SC can also have signifi-
cant consequences on water diffusion, mainly if those treatments cause SC lipid
extraction or disorganization [73] or if they cause any mechanical damage to the
SC.

Well-controlled in vitro studies using a computer-based Evaporimeter® sys-
tem yield a threefold higher precision in TEWL in vitro measurement compared
to human studies [67]. With such a precision, the role of the corneocyte envelope
and intercellular lipids were shown on the skin barrier function. In addition, the
effect of treatment with anionic surfactants, skin permeation enhancers, and high
CaCl2 concentrations were demonstrated.

5 EFFECT OF TREATMENTS ON SC LIPIDS USING IN
VITRO TESTS

Lipids play a prominent role in the water-holding capacity of the SC. Such a func-
tion has been demonstrated in vitro on isolated SC by differential scanning
calorimetry (DSC) [74,75] and ultrastructural studies [14,76]. Briefly, the piece of
SC is dried and then hydrated in excess. The total amount of water in the SC is de-
termined by the gain of weight after rehydration. For DSC measurements, the SC
samples are first freezed to –40°C and then progressively heated at a constant,
slow rate up to 20°C. The melting behavior of the water contained within the SC
is recorded. Unbound water in the SC causes an endothermic peak between –17 to
–6°C. When the SC is hydrated to less than 33.3%, no peak can be observed in
this area. This is the approximate amount of bound water in intact SC which nev-
er freezes, even at –40°C, and thus has no endothermic peak when reheating. The
depletion in SC lipids by acetone/ether treatment causes the SC bound-water con-
tent to markedly decrease. Electron microscopic observations reveal the removal
or alteration of intercellular lamellae. In contrast, application of a mixture of SC
lipids to the acetone/ether treated SC is able to re-increase the bound water con-
tent in the SC and to refill the intercellular spaces induced by the treatment with
multiple lamellae [14]. These studies demonstrate the usefulness of in vitro in-
vestigations on isolated SC to understand and control the moisture of the SC. Us-
ing an in vitro model of SC lipids, glycerol helped to maintain the SC lipids under
a liquid crystalline state, even at low relative humidity [77]. Such an effect partic-
ipates in keeping SC well moisturized. The same model was used to investigate
the effect of several cosmetic additives in preventing lipid phase transition in vit-
ro [78].

In vitro studies have also been performed to determine how much and
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which lipids could be extracted from the SC by surfactants. The effects of sodium
lauryl sulfate (SLS) and linear alkyl benzene sulfonate (LAS) were studied on
isolated SC [79]. The extracted lipids were analyzed by high performance thin
layer chromatography (HPTCL) after elimination of the surfactants. Both surfac-
tants at various concentrations removed lipids only above the critical micelle con-
centration (CMC). Even at high concentrations, only very small amounts of SC
lipids were extracted. Such in vitro extractions of lipids from SC can also be used
for rapid screening of lipid biochemical abnormalities of scaling skin disorders
[80]. Extraction and analysis of lipids by HPTLC can also be performed on
cyanoacrylate skin surface. However, this method may look more tedious as it is
necessary to completely remove glue residues from the extracted lipids before the
chromatographic analysis can be performed.

6 SC AND MOISTURIZER DEVELOPMENT

As described, many methods are available to harvest human SC and to study its
interaction with xenobiotics in vitro. Some of these approaches can be used for
moisturizer development. The study design may involve a spontaneously devel-
oped xerosis or scaly skin. A similar aspect can also be induced by different
means including barrier disruption by organic solvents, occlusive surfactant
dressing, and decreased environmental dew point. The effect of a moisturizer can
be performed in a second step in vitro. In these instances, squamometry is one of
the cheapest, most rapid, and most reliable objective in vitro tests.
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Formulation of Skin Moisturizers

Steve Barton
The Boots Company, Nottingham, United Kingdom

1 INTRODUCTION

Earlier chapters in this treatise on skin moisturizers have provided detailed analy-
sis of skin physiology and function or described conditions resulting from pertur-
bations in these. Other chapters have discussed some common moisturizer ingre-
dients and means of assessing their efficacy. This chapter attempts to bring all this
into perspective for those wishing to understand how the knowledge may be used
to develop and manufacture a skin moisturizer.

This cannot hope to be a comprehensive directory on the art of formulating
a moisturizer; the range of raw materials alone is prohibitive. For formularies and
details of raw material nomenclature and function the reader can access specific
texts [1–3]. Here I will identify the major issues to be considered in this process
of moisturizer product development.

Some assumptions are required. The first of these is recognition that the
challenge is both technologically and commercially driven. This chapter will fo-
cus on the technology but always with a view to commercial factors, the principal
of which is consumer need. This gives rise to the second assumption; no attempt
will be made to artificially separate “cosmetic skin care” from “therapeutic skin
care” since these can be seen to derive from slightly different consumer needs,
but with often very different regulatory constraints. The third, related, assumption
is recognition of the fact that any topical product will have a physiological action.
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It is therefore clear that all raw materials contained within the final product have
a potential contribution toward efficacy, safety, stability, and consumer accept-
ability.

Recognition of these potentially conflicting interdependencies—techni-
cal/commercial, pharmacological/physiological, single material/whole product—
is an essential first step to understanding what drives decisionmaking on the final
constituents of a moisturizer.

Figure 1 shows some of these interrelated factors to be discussed in the fol-
lowing pages; others will have been covered in other chapters. The objective of
this chapter is to outline the challenge presented by attempting to create products
that are stable, safe, and in a form acceptable to the user. Consumers have in-

FIGURE 1 Some of the factors that influence moisturizer product develop-
ment can derive from technical or commercial considerations. Their impact
may be greater on product stability or product performance. Understanding
the elements of these interactions helps to define key product development
criteria. Some relationships are predominantly one-way (e.g., skin physiolo-
gy defines safety, ingredient action, and claims). Others are iterative (e.g.,
consumer awareness of skin physiology will determine the market, but as
this grows it will reinforce greater consumer awareness).
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creasingly high expectations of these performance criteria with the consequence
that “acceptable” is being replaced by “esthetically pleasing and efficacious.’’

2 BACKGROUND

The term skin moisturizer is a misleading anachronism from a technical or scien-
tific viewpoint, since the means of achieving “moisturized” skin may have little
to do with adding water. The benefit perceived by the person using the moisturiz-
er will depend on several factors, including skin type, product type, and expected
benefit, and again may not necessarily relate to moisture. Alongside this there has
been constant growth in the added benefits delivered by a moisturizer. This has
had the effect of changing the meaning of moisturizer to become a class of skin
care products in their own right. Whilst this may seem to create an initial difficul-
ty in deciding how to formulate a moisturizer, it can help focus on the key attrib-
utes the target consumer requires (see Table 1).

This is the first stage of developing a product, to be assessed alongside
many other factors including total market size, anticipated market share, price,
competitor products/benchmarks, and any promotional or advertizing require-
ments. Consideration of these factors will help a product developer to focus on
the technical options and cost constraints required to deliver the targeted benefits.

Table 1 also introduces specific considerations, worthy of more detailed
analysis, which may help to provide a comprehensive background to developing
a moisturizer. These can be loosely termed demographics—skin type, age, gen-
der, ethnicity, and intention to purchase (see this volume, chapter by Johnson, for
more detail). Such information will help describe the target user and required
product function of a given moisturizer—conventional moisturizer, specialist
moisturizer, or a product with a secondary moisturizing action. These insights
will help define the technical delivery options. Table 1 summarizes some of these
factors and Fig. 2 shows one way of defining where a product is positioned, thus
helping to identify the technological options available to satisfy consumer expec-
tations.

2.1 Technological Influences

The earlier chapters within this book explore more fully the many biological fac-
tors that undoubtedly drive the development of moisturizers. Not only do these
factors suggest options for achieving improved skin condition, they also influence
how this improvement can be assessed.

Understanding the role of the skin’s own moisturizing components also
presents options, e.g., should we directly address the “deficiency” by replacement
or allow the skin to replenish its own integrity by use of a protective product?
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FIGURE 2 Consumers may be driven by different needs (health or beauty)
and may have different values which influence their preferred solution. This
figure shows one way of treating such choices. Hypothetical solutions are
described to help illustrate this using product or ingredient considerations.
(A) Botanical extracts to improve normal skin condition; (B) lanolin or
beeswax to improve skin health; (C) basic moisturizer; (D) single entity (e.g.
retinoic acid for acne-prone skin); (E) hyaluronic acid to plump skin; (F) vita-
min A to improve fine lines and wrinkles.

The transfer of technology from skin physiology through therapeutic prod-
uct to cosmetic product is clear from examples such as α-hydroxyacids and vita-
min A, but it may skip directly to mass market product as evidenced by the early
incorporation of natural moisturizing factor and ceramides into consumer prod-
ucts. What may not be clear from the previous parts in this book are the other
technological aspects that enable this technology transfer.

2.1.1 Raw Material Availability and Performance

Most mass market moisturizers are multicomponent systems, with each material
contributing more than one property to the final product. It is therefore rare to at-
tribute unique properties to an individual component. Consumer-defined product
attributes may impose limitations on choice of raw materials, requirements such
as oil-free, nongreasy, or hypoallergenic may automatically exclude certain class-
es or species.
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Specific comments on useful raw materials are given later in this chapter.
However, some general comments on raw materials are worthwhile.

Identification of a useful raw material (e.g., ceramide) is only the first stage
in providing a means of modifying stratum corneum. Producing a material in
commercial quantities, to an acceptably reproducible standard, in a form that may
be easily and safely used in the manufacture of moisturizers represents a major
challenge. Commercial and regulatory considerations will influence whether a
material is suitable for a therapeutic or mass market product.

The essential fatty acid linoleic acid has been shown to improve dry skin in
essential fatty acid deficiency, and the natural source (sunflower seed oil) was
also shown to be beneficial [4].

Other sources such as evening primrose oil have also been shown to pro-
vide skin benefits, but cost, esthetic, and stability considerations dictate that mass
market products use limited proportions of these materials.

Natural raw materials or blends of raw materials are thus an important and
attractive source of moisturizing ingredients. Natural sources present other chal-
lenges, some of which are dealt with elsewhere (see this volume, chapters by
Flower, Young). The key technical factors include stability (including resistance
to microbial degradation), variability in identifiable “active” constituents, consis-
tency of supply, and removal of unwanted components.

In the case of plant extracts where skin benefits are attributable to particular
components (e.g., chamomile extract) the method of extraction, species, cultivar,
time, and place of harvest may also be considerations a product developer wishes
to take into account. Where the desirable element within the plant is not readily
available, the extraction process may help to provide a more usable form without
compromizing benefit. The saponification of plant structures is an example where
this occurs. Insoluble components can be made available as modified waxes or
oils. Alternatively, useful materials can be left in the unsaponifiable fraction. This
may have the added advantage of reducing the bulk of the material, hence making
it easier to handle and formulate into products. An alternative approach to using
natural materials is to use synthetic processes to provide “nature identical” mole-
cules (e.g., lactic acid/panthenol). In such cases the proportion of different iso-
mers may or may not be an important consideration. The purity and reproducible
quality of synthetic sources may outweigh any cost disadvantage.

Many of the basic raw materials for moisturizers originate from the petrole-
um industry. Cost, bulk availability, and reproducible quality were influential in
their introduction, though undoubtedly the coincidental growth in affluence and
the petrochemical and cosmetics industries also played a part. Materials such as
white soft paraffin and light liquid paraffin (mineral oil) remain relatively cheap,
standard components for many moisturizing products.

Other important petrochemical byproducts are emulsifiers. These are not
only important in themselves, in allowing stable oil and water emulsions to be
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formulated, but also form the major tool for modifying other raw materials such
as vegetable oils or waxes to allow their easy incorporation into the moisturizer.
Such modification of raw materials may have several purposes. Changing the sol-
ubility, fluidity, or sensory properties are important, but a secondary aim may be
to improve the bulk handling properties.

Where novel raw materials have been identified there are additional consid-
erations of safety and registration or patenting. Whilst the latter may not seem a
technical issue it may place constraints on the timing of testing. Placing the in-
vention in the public domain before the patent application is accepted may con-
stitute “prior art.’’

2.1.2 Manufacturability

Raw material bulk handling has already been recognized as an important factor in
the previous section. The level of human exposure to a raw material in a manu-
facturing environment will be different to that anticipated in a product, thus as-
sessment of safe levels under both conditions is important.

Such raw material factors will be considered alongside the processes used
to manufacture the bulk. Size of batch, heating/cooling requirements, energy re-
quired for dispersion, water content, transfer to pack, pack material and size, will
all be considerations in the choice of final formulation. It is also clear that pro-
cessing itself is an important component of the final formula since viscosity, clar-
ity, and appearance are all dependent on achieving reproducible processing.
These factors are considered in more detail later in this chapter.

2.1.3 Performance Testing

The practicalities of performance testing have been discussed elsewhere (see this
volume, chapters by Jarret, Grove, Pierard). In formulating a moisturizing prod-
uct the claims, regulatory requirements, and performance expectations will influ-
ence which raw materials and testing methods are to be used and will thus affect
the total time and cost of new product development.

2.2 “Extraneous” Constraints

In starting out to develop a new moisturizer there are several other nontechnical
issues which will play a part. These are dealt with in detail elsewhere (see this
volume, chapters by Flower, Young). For a given raw material, different markets
will impose various conditions upon what may or may not be used from the point
of view of safety and claims. Additionally, its use in the various product cate-
gories and limitations on level of incorporation into a product will impose con-
straints on the product developer. Patent searching is also an important early step
in the product development process—what is freely used in one market may be
protected in another.
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Various guidelines will exist for good manufacturing practice and good
clinical practice for testing efficacy. There are also existing guidelines for claims
substantiation testing, e.g., COLIPA guidelines [5]. Thought will need to be given
to the promotional activity supporting the postlaunch marketing. Various geo-
graphic regions will have their own advertizing standards guidelines which need
to be borne in mind in order to help decide, at an early stage, how the product
benefits are to be communicated. Outside of these formal systems there will also
exist an awareness of attitudes, concerns, and product performance requirements
within the healthcare professionals community, particularly dermatologists.

3 DESIGNING MOISTURIZERS: BASIC PRINCIPLES

Moisturizing products are to be applied to the skin and left there to replace lost
moisture to improve hydration, protect from drying, and improve the various out-
ward signs of dryness such as scaling or flaking and generally smooth the skin
(see Table 1). Bringing together all the materials to achieve the desired result(s)
requires an understanding of their benefits to the skin and physicochemical be-
havior if the three key criteria of safety, stability, and esthetics are to be achieved.

3.1 Cosmetic Emulsions

The delivery options open to a product developer may seem straightforward, but
given that most mass market moisturizing products are emulsions, one could be
forgiven for asking why this is the case. Table 2 summarizes some of the reasons
for choosing an emulsion. In most cases the emulsion will comprise oil and water.

Emulsions are multiphase systems where one phase (the continuous phase)
contains droplets of the other (dispersed) phase(s). Commonly skin care emul-
sions are two-phase systems where the relative volume of the continuous phase is
usually, but not necessarily, greater than the dispersed phase. Droplet size is usu-
ally, but not necessarily, large enough to interfere with the path of light and thus
emulsions will be at least opalescent and usually white. Special cases exist where
the particle size is so small that the liquid is clear (microemulsions) or where the
emulsion structure becomes a liquid crystalline matrix (ringing gels). Three-
phase systems can also exist, but all these systems tend to follow the basic princi-
ples described herein.

The theoretical approach to emulsions is helpful in formulating personal
care products, but the underlying principles are often based on highly simplified
systems. Experience and intelligent use of these principles rather than exact sci-
ence underlies much of the skill of the formulator. To formulate cost-effective
moisturizers the basic challenge is to overcome the problem that oil and water are
immiscible. It is thermodynamically preferable for the two phases to exist in dis-
crete layers, minimizing the interfacial tension.
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TABLE 2 Why Use an Emulsion?

Benefit Example

Esthetics Elegant, pleasant to use; water content improves
skin feel and cooling effect better than oil
alone.

Range of physical forms Cream, lotion, milk, paste.
Vast range of properties From light through to heavy.

From lubricious through to “draggy”.
From quickly absorbed through to maintained

film on skin.
Inclusion of actives Simultaneous delivery of incompatible materials,

e.g., oil soluble with water-soluble actives in
the same base.

Allows use of these materials at levels
appropriate to their benefit.

Cost Water content reduces overall cost.

Agitating mixtures of oil and water, in whatever proportion, will increase
the surface area between the phases, thereby increasing the surface energy of the
system. Thus any oil/water system, in the absence of external energy input, will
ultimately configure itself in the lowest possible energy state—in this case by
minimizing the amount of contact between two phases and reorganizing itself
into two separate layers. The solution is to reduce the interfacial tension between
the two layers and thereby reduce the surface energy of the system.

Generally we use a combination of chemical and mechanical energy to
achieve an emulsion that will retain its stability for an acceptable period of time
(equivalent to what is often referred to as the shelf-life). The main source of
chemical energy is from emulsifiers or surfactants (the terminology can become
confusing and the term emulsifier will be used throughout this chapter). These
change interfacial tension and, depending on various factors, will produce either
oil-in-water (o/w) or water-in-oil (w/o) emulsions.

Mechanical energy input into the emulsification process is an underrated
consideration. High shear, applied to the phases under continuous agitation, will
reduce the size of emulsified particles. Generally, the smaller the particle size, the
greater the stability, so mechanical energy can contribute greatly to the overall
emulsion stability and esthetics. The usual means of achieving this is to force the
agitated mixture through a small orifice under pressure. The design and geometry
of the tools to achieve this will vary, but a turbine drawing up the mixture and
forcing it back through mesh is a common format. The size and shape of the mix-
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ing vessel, the speed of mixing, and the rate of heating and cooling will also play
a role since heat energy is conventionally another means of facilitating emulsifi-
cation.

Alternatives to simple emulsions have been prepared and used in personal
care products: multiple phase emulsions (e.g., oil-in-water-in-oil), liquid crystal
emulsions, etc. Silicone oils can also form part or all of one of the phases of an
emulsion. Space does not permit a full description of the differences, but energy
requirements, particle size, and different manufacturing conditions required are
amongst the considerations a product developer would consider when choosing
one of these special types of emulsion. The principal considerations to be de-
scribed will be similar for these specialized cases.

The process of emulsification also finds use in cleansers (see this volume,
chapter by Simion) where oil droplets are suspended in an aqueous environment
thereby removing oil-bound dirt. Emulsifiers are amphipathic molecules that act
by partitioning themselves at the boundary between the oil and water phases.
Since conventional emulsions comprise water and oil it is their relative prefer-
ence for, or solubility in, water and oil that dictates the characteristics of an
emulsifier. The partitioning between the phases will also be influenced by the
physicochemical characteristics of the two phases—for example, the melting
point of the combined oil phase and the salt concentration of the water phase,
each of which, separately but indirectly, may contribute to the effectiveness of
emulsification.

The factors responsible for determining the physical format of the emulsion
(lotion, cream, etc.) include emulsifier selection, physicochemical nature of oil
phase components, relative phase volume, and droplet particle size. The mechan-
ical energy applied to the system can also influence greatly the droplet size and
therefore the whole outcome.

One clear source is energy during manufacture, however secondary sources
worthy of consideration from a stability and esthetics standpoint are pumping
from manufacturing vessel into pack and dispensing from pack during use.

3.1.1 Emulsifier Types

There are various types of emulsifier described by their chemical nature. The ear-
liest used chemical emulsifiers were probably soaps. These have a charged, hence
hydrophilic, group and a fatty, hence hydrophobic, portion. These early anionic
emulsifiers—named on the basis of the nature of the ion providing the polar or
hydrophilic region—demonstrate some of the problems of turning emulsification
into an exact science.

Soaps from tallow and coconut have very different proportions of fatty acid
species. Even within coconut soaps the proportion of particular carbon chain
lengths will vary between batches and the source of coconut oil starting materials.
This variation will affect the physicochemical behavior at the oil–water interface,
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since the oil partitioning will depend upon fatty chain length, and thus there will
be a range of emulsifying performance resulting from the chemical heterogeneity
of the starting raw material. Refinement of the starting material can produce more
reliable performance but at a higher cost. Crude material, e.g., hydrogenated veg-
etable oils can be “cut” to produce mixed fatty alcohols, e.g., cetearyl alcohol,
and further refined to produce purer materials, e.g., polyglyceryl-3 oleate. This
principle applies as much to emulsifiers as it does to other oil phase ingredients
commonly used in formulating moisturizers.

Many original skin care emulsions were produced by in situ neutralization
of stearic acid with sodium hydroxide. The resulting soap acts as an emulsifier.
There are problems with such systems, particularly their pH and susceptibility to
heavy metal salts. In particular their aggressiveness on skin has tended to rule
them out of favor moreso in leave-on moisturizers than wash-off cleansers (see
this volume chapter by Simion). More sophisticated anionic systems do however
still find use in emulsions. Modified coconut oils still form the basis of the sulfate
and ether sulfate anionic emulsifiers (such as sodium lauryl sulfate and sodium
lauryl ether sulfate). The substitution of the fatty chain using an ether group re-
duces the hydrophobic nature of the fatty chain, hence the emulsifier, and pro-
duces an emulsion system less aggressive to the skin [6].

Nonionic emulsifiers are commonly used in personal care moisturizers, and
as the name implies they have no charge. Instead their amphipathic nature derives
from their long carbon chains imparting hydrophobic nature (e.g., fatty acids) or
hydrophilic nature (e.g., alcohols). Unsaturated carbon chains are easily substitut-
ed with ethylene oxide. This process of ethoxylation can be carried out to varying
degrees on the same starting material to give a range of different amphipathic be-
haviors. When combined with varying lengths and branching of the carbon chain,
this has produced a vast array of different molecules; many of which have be-
come the workhorses for skin care formulators. 

Cationic emulsifiers also exist and do have some use in skin care formula-
tions. Many of those used also demonstrate some antimicrobial activity; this may
be considered of benefit. Cationic emulsifiers do not have the same problem as
anionics with metal salts, but may be prone to instability at high pH and negative
ion concentration. They also have a property that can be either detrimental or ben-
eficial. The skin surface has a net negative charge, and cationic emulsifiers may
thus bind to the substrate.

Polymeric emulsifiers are also common in moisturizer formulations. Exam-
ples include those based on silicone or polyacrylic acids. These polymers distrib-
ute themselves along the oil/water interface with side groups of lipophilic and hy-
drophilic nature inserted into their respectively preferred phase.

It is not uncommon to find mixed types of emulsifier in a given emulsion.
Indeed many raw material suppliers combine anionic and nonionic emulsifiers as
a blend for commercial purposes. The skill of the formulator will be to recognize
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where one of the particular properties mentioned is required, understand the con-
sequences and compromises this confers on the emulsion, and act accordingly.

3.1.2 Emulsifier Choice

This is not straightforward but has been simplified by the introduction, around 50
years ago, of the HLB system. The system accompanied the increased use of non-
ionic emulsifiers where it finds greatest use. The HLB number (hydrophile/lipo-
phile balance) represents the balance of the size and strength of the hydrophilic
(or polar) and lipophilic (or nonpolar) groups within the emulsifier molecules.
This can be visualized in terms of how the emulsifier molecule will position itself
at the oil–water interface (Fig. 3).

The more polar one part of the molecule is (often referred to as the head-
group), the more it will insert itself into the water domain of an emulsion. Con-
versely, the more nonpolar the other part (or the tailgroup), the more it will be
part of the oil phase. The relative polarity will not only affect the final position
of the emulsifier within the interface, but also the stability and fluidity of this
boundary.

The HLB system uses this relative preference on a scale from 1 to 20 and
provides most emulsifiers, particularly nonionic emulsifiers, with such a number.
The usefulness of the HLB system is that it is additive. Thus combining equal
proportions of emulsifier of different HLB (e.g., 5 and 15) will produce a system
of average HLB (i.e., 10). This property of the HLB system can be used to calcu-
late the most appropriate emulsifier for an oil phase of unknown requirements.
Simple experimental determinations can be carried out, using a range of emulsifi-
er mixtures with a known range of HLB, to show the HLB value(s) that result in
good emulsification. An appropriate emulsifier, or blend of emulsifiers, can then
be chosen having the equivalent HLB number. In practice the task is not always
that simple, however the HLB system provides a useful guide. The HLB values
are normally published in suppliers’ literature and are therefore often readily
available.

The factors that influence HLB include the chemistry, stereochemistry, and
purity for each emulsifier and their miscibility with other oil and water phase
components (rarely do we wish to produce an emulsion of a single oil with pure
water). These factors can usefully be taken into account alongside the HLB. It is
also necessary to point out that HLB determinations will produce two conclu-
sions, one for oil-in-water the other for water-in-oil systems.

The usefulness of the HLB system, the range of physical forms, and relative
mildness (compared to anionics and cationics) have made nonionic emulsifiers
the commonest choice.

Milder anionics have become more available and more appropriate for
leave-on products and blends of nonionics and anionics are useful starting points
for emulsions, combining the advantages of both emulsifier types. However non-
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FIGURE 3 Emulsifiers cross the oil–water interface as shown in this diagram-
matic representation.
(A) Emulsifier 1 has greater affinity for water than oil (e.g., HLB 12–15). The
stereochemistry of the polar headgroup may contribute to its performance.
As spherical droplets of oil form in water this stereochemistry will limit the
number of emulsifier molecules that are used per unit surface area of oil
droplet. Emulsifier 2 has a more even affinity for oil and water (HLB 5–12)
and may be able to contribute more molecules per unit area provided that
the lipophilic domains do not sterically hinder this. Emulsifier 3 will readily
form water in oil emulsions (HLB 1–5). It can be seen that combinations of
more than one emulsifier will enable greater numbers of emulsifier mole-
cules per unit surface area of droplets.
(B) Alignment of emulsifiers in oil-in-water emulsions. (C) Alignment of
emulsifiers in water-in-oil emulsions. (D) The concept of using a secondary
emulsifier with higher HLB to stabilize the emulsion. A bilayer effect is pro-
duced around the oil droplet as the polar heads and nonpolar tails orient
themselves in alternating fashion. The outer portion of the spherical droplet
is therefore hydrophilic, and the hydrophilic heads of primary and secondary
emulsifiers align themselves at the oil–water interface. It is also likely that
secondary emulsifiers insert lipophilic tails into the oil droplet. The overall
result is greater emulsion stability. 

ionics have other advantages. They are more stable to pH changes and less influ-
enced by salt concentration, and they are more easily combined as emulsifier
blends. By using the same carbon chain length backbone and different degrees of
ethoxylation an emulsifier blend can be created which, though it has an equivalent
HLB as a single emulsifier of similar chain length, produces a better quality emul-
sion. The rationale for this lies in the packing of the individual emulsifier mole-
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cules into the oil–water interface; single species will compete for space, whereas
mixed species will take up complementary spatial distribution (see Fig. 3).

3.1.3 Stability

Stability is a term used in the cosmetics and toiletries industry to describe how the
product may be expected to respond to storage and use after manufacture, pack-
ing, and temporary storage in warehouse or point of sale. As with many of the is-
sues discussed in this particular chapter there are no absolutes; much will be de-
termined by assessing risk on the basis of experience and laboratory simulation.
Cosmetic emulsions are in thermodynamic equilibrium and changes in this status
quo can destabilize the emulsion structure in a number of ways.

To help understand why we use some ingredients in a moisturizer it can be
useful to look at what might go wrong. A formulator, having understood the com-
promises mentioned, will think ahead to some of these possibilities and modify
the formula appropriately. Table 3 is a brief and incomplete summary of some of
the factors. It is designed to show how the factors affecting emulsion stability are
interlinked. We can rarely pinpoint a single variable and change it to effect a de-
sired end. For example, increasing the viscosity (actually the rheology, since the
system is in equilibrium) of the continuous phase using a thickener will reduce
the effects of dispersed phase Brownian motion.

However, the use of such additives (e.g., waxes for continuous oil phase or
polymers for a continuous water phase) will also increase the specific gravity of
the continuous phase, change the interfacial behavior at the water–oil interface
and thus affect the fluidity of this layer.

The overall effects on the emulsion may be beneficial, but simultaneously
changing other emulsion components or processing parameters will render it dif-
ficult to know which emulsion characteristic has been changed and how, hence
the inexact science!

Coalescence resulting from fusion of two droplets of the dispersed phase
may be minimized by the changes mentioned (through limiting the effects of
Brownian motion), but the void space (between the dispersed phase particles) and
the particle size are important contributory factors. Changing the relative volume
and/or the emulsifier can effect changes to these emulsion attributes. Concentra-
tion of emulsifier is also important in maintaining the phase separation at the in-
terface, and minimizing the possible confluence of droplets if they do come into
contact. Increasing the concentration of a nonionic emulsifier in this way to over-
come the risk of coalescence may however create other problems—flocculation,
for example. Options for overcoming this eventuality may include substituting
some anionic for nonionic emulsifier. Here again the concept of emulsifier blends
helps to achieve the desired end (see Fig. 3).

Where dispersed phase droplets become extremely tightly packed, phase
inversion can occur, e.g., oil-in-water emulsion changes to water-in-oil. There
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TABLE 3 Emulsion Stability Factors and Their Implications for 
Formulation Development

Symptom Causes Some formulation implications

Coalescence of
disperse phase
droplets

Proximity of droplets.
Instability at 

oil–water interface.
Brownian motion.

Improve strength of interface—
emulsifier blend choice effect

on stability.
Change relative volume of 

phases.
Continuous phase thickeners.

Flocculation of
disperse phase
droplets

Attraction of droplets
via van der Waal’s
forces results in
effectively larger
droplets.

Change charge of droplet 
surface.

Change relative volume of 
phases.

Continuous phase thickeners.
Sedimentation or

floating of
dispersed
phase droplets

Large differences in
specific gravity of
phases.

Change specific gravity of 
phases.

Change viscosity of continuous 
phase.

Reduce dispersed phase particle 
size.

Phase inversion High relative volume 
of dispersed phase.

Instability at 
oil–water interface

Change relative volume of 
phases.

Change emulsifier blend.
Change processing—increased 

shear reduces particle size.
Ostwald ripening Large dispersed 

phase droplets 
formed at expense 
of small ones.

Instability at 
oil–water interface.

Change solubility characteristics
of dispersed phase
components to prevent
migration into continuous
phase.

will be a critical volume fraction for the dispersed phase beyond which the ther-
modynamics will favor the dispersed phase becoming continuous. The risk of
phase inversion can be a particular problem in water-in-oil emulsions where high
relative volumes of water are favored to reduce the oily feel. The choice of emul-
sifier influences whether a system favors a water-in-oil or oil-in-water emulsion,
but the rate of addition of the dispersed phase or the degree of mixing can influ-
ence whether or not an emulsion phase inverts. This potential problem has been
exploited in manufacturing some sophisticated emulsion types.

Many of the potential problems may also be modified by use of “co-emulsi-
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fiers.” These too have amphipathic nature and can be thought of as outer coatings
around the individual droplets. Using as an example cetyl alcohol in oil-in-water
systems, the hydrophilic domain (alcohol group) will co-locate with the primary
emulsifier hydrophile. The hydrophobic tail (fatty chain) will not be physico-
chemically compatible with the aqueous phase, but more easily associated with
other hydrophobes. As a result some hydrophilic heads project back toward the
aqueous phase, their hydrophobic tails aligning together forming a bilayer (see
Fig. 3). As an extension of this principle a network of structured lamellae can
form a matrix throughout the continuous phase—the so-called liquid crystalline
emulsions being the result.

The advantage here is that the structure adds stability to the system and may
even add skin care benefits of longer-term moisturization and improved esthetics.
The intercorneocyte lipid arrangement in skin is an analogous system that not
only helps explain how this structure works, but also shows how it may help in
“selling” an emulsion of this type into a skin care product or the skin care market.

The enhanced stability provided by liquid crystalline structures is a specific
example of how polymeric systems can stabilize the emulsion. A variety of poly-
meric systems can be used in the water phase of o/w systems (celluloses, algi-
nates, etc.). Another commonly used polymer matrix used to stabilize emulsions
can be seen with polyacrylic acid copolymer systems (carbopols). In extreme cas-
es these can act as the sole emulsifier and modified carbopols can make useful
“emulsifier-free” emulsions.

Other symptoms of instability such as “creaming” (oil droplets floating to
surface in oil-in-water system) or “sedimentation” (water droplets sinking in wa-
ter-in-oil systems) can also be addressed by altering the viscosity with polymers.
Balancing the differences in the specific gravity of the dispersed and continuous
phases will also minimize this effect. Again processing to achieve small particle
size in the dispersed phase is also a key factor.

In systems where dispersed phase components are partially soluble in the
continuous phase—cetyl alcohol can exist in both the oil and water phase—Ost-
wald ripening may occur. Larger droplets are formed at the expense of smaller
ones, another manifestation of the dynamic status that emulsions exhibit.

The formulator has a number of tools available to assist in assessing the be-
havior of the emulsion and the likely stability implications (Table 4).

As can be seen from the foregoing, the type and number of raw materials in
the formulation required for producing a stable emulsion already appears large.
This has stability implications, but controlling the symptoms of instability may
also change the esthetics of the product. Many of the materials used are chosen
for their esthetic properties, so the process of understanding this interdependency
between stability and esthetics can be convoluted.

Once other materials are added the potential interactions increase logarith-
mically. The skill of the formulator will be to understand the physicochemical
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TABLE 4 Some Tools to Assist in Determining Emulsion Characteristics in
Short-Term and Long-Term Stability

Tool Principle Comments

Microscopy Visualization of phase
differences

Very useful qualitative tool
Dark field; phase contrast, 

polarized light and Nomarski 
optics very useful modes of 
visualization

Can require emulsion to be 
disturbed (squashed) in the 
process

Laser particle
sizer

Droplet disturbs the
laser beam in
proportion to its
size

Usually requires diluted samples

Tensiometer Measures force
required to pull a
ring or plate
through the
interface between
two layers

Gives basic information on
interfacial tension but can only
be carried out where a large
surface area interface can be
achieved

Rheometer Measures the
changes in
viscoelastic
properties of the
emulsion under
known stress

Stress conditions and
parameters of interest can be
specific to particular emulsion
types

Turbidometry Examines bulk light
scattering
properties

Gross stability rapidly assessed
if used with accelerated testing

properties of the raw material used and, by combining this with experience of pre-
vious products, predict what may be a suitable solution for the consumer need.

It has already been pointed out that a “simple moisturizer” may also have
other required functions. Example formulations are presented in Sec. 4 detailing
examples of these classes to help demystify the ingredient labeling nomenclature.

3.1.4 Stability Testing

Why conduct stability tests? This question, if thought through, should provide all
the necessary parameters with which to assess the risk of failing to deliver con-
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sumer expectation. The consumer wants a safe, effective product. What may
make it unsafe or ineffective? The consumer wants a product that will be pleasur-
able to use. What may detract from this pleasurable experience? The consumer
wants to be able to use it in the course of their daily routine. What is that likely to
be and how will the product respond? Many of these questions are common to the
general principles underlying formulation of a successful product.

The formulator will test the initial batch(es) of the product to assess fit with
consumer expectation; what happens once the product is opened or stored for
long periods?

Physicochemical and Organoleptic Stability. As detailed in Table 4 there
are a number of physicochemical characteristics that can help determine stability.
Viscosity and microscopic appearance are commonly used as laboratory tools in
this way. Rapid change in viscosity over time will suggest a change in the emul-
sion structure. Both increased and decreased viscosity can have implications for
stability and each may affect the delivery from the pack.

Microscopy can be helpful in understanding the reasons underlying the
change in stability. Emulsion structure and homogeneity of droplet in terms of
size and structure can be visualized. Emulsification of complex lipid mixtures can
result in droplets containing different lipid phases; their stability can be assessed
from how well defined and how consistent these phases are within and between
individual lipid droplets. Crystallization of water-soluble or oil-soluble compo-
nents can be seen using polarizing light microscopy, and the special case of liquid
crystalline emulsions can be assessed for consistency and appearance.

Many of the other criteria for stability assessment focus on the sensory as-
pects—odor, color, and viscosity, in particular. Changes in these are likely to be
noticed by the customer and have an effect on the perceived as well as the real
performance. Objective characteristics such as pH and viscosity are easy to
record; sensory properties often require reference to a standard sample, usually
the one stored at room temperature.

Amongst other factors that may change, the pH of the product will be the
most often tested, and changes here may have safety implications. This can only
be assessed in an oil-in-water emulsion, and pH changes in a water-in-oil formu-
lation could affect the overall product stability.

One of the requirements during the initial formulation work will be to rap-
idly assess potential stability problems. Exposure to elevated temperatures (60°C)
is often used as an indicator, since many of the potential problems are a conse-
quence of the thermodynamics of emulsification. Temperature cycling can also be
used in a similar way to stress the potential formulation, but the method finds use
in longer-term testing for anticipated changes that may result from warehouse
storage, travel, and export to other countries.

Many of the stability characteristics will be dictated by the pack. Whilst
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glass is fairly inert, many of the other commonly used plastics can impose con-
straints on formulation raw materials. Some esters used in formulations can solu-
bilize certain pack types. The resulting effect varies from softening and deforma-
tion of the pack to reduction of permeability of the pack material. The latter
change will reduce the physical barrier allowing gaseous exchange to occur and
even result in microbial spoilage. Testing in the appropriate pack is therefore es-
sential.

Clear packs also impose some constraints. Colored products can fade in a
clear pack and inclusion of a sunscreen in the product or pack required may re-
solve the problem. Testing to mimic the exposure to light in the shop window or
bathroom window is therefore another means of ensuring that the esthetics of the
product do not change on storage.

Microbial Stability. The most important of the potential risks in the safety
category is microbial contamination. Sources of contamination occur throughout
the supply chain—raw material, raw material storage and processing, packaging,
final product storage, and product use and storage by the consumer. There may be
particular considerations that influence the risk analysis. For instance baby mois-
turizer products for the diaper area will be exposed to fecal contamination.
Eczema sufferers have increased risk of skin staphylococcal contamination.
Botanical extracts for incorporation in skin moisturizers may contain microbial
contamination at source.

Particular parts of the machinery used to process the product may have
reservoirs susceptible to contamination or prove difficult to clean in between
manufacturing batches, pumps in particular. The pack in which the product is pre-
sented also plays an important part. Whilst pump packs and squeeze bottles pre-
vent the introduction of contamination from the fingers or outside world, the
“suck-back” from a squeeze bottle could siphon contamination back in and pro-
vide a false sense of security. Once the product has been used a number of times,
there is a large air space and condensation on the side of pack can create an envi-
ronment for microbial growth.

The response to all of these risks is to incorporate a degree of preservation.
Incorporating preservatives or using barrier methods (e.g., pump pack; single-
dose format) are two common strategies but these should be as protection against
accidental contamination postmanufacture. Primary risk reduction should always
come from good manufacturing practice—avoidance of contamination in the first
place. The implication for the product developer is that no raw material or process
used should increase the risk of microbial contamination. Use of freeze-dried or
alcoholic or glycolic rather than aqueous plant extracts is one level of risk limita-
tion.

The processes used for testing microbial stability are termed challenge test-
ing. Here inoculation of the product with known organisms is carried out and
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their subsequent survival monitored. The protocols used and the criteria for pass-
ing and failing may be laid down in prescribed monographs [7]. Such testing will
be conducted on samples from first laboratory or small-scale batches as well as on
these samples after storage for a given period. Full microbial counting after man-
ufacture and before release for sale may also be used to assess the quality of the
factory batch prior to delivery.

3.2 Processing and Packaging

Whilst the focus of this chapter is the formulation aspects of moisturizers, pro-
cessing and packaging cannot be excluded as they impose limitations and create
opportunities for the formulator.

Skin care moisturizers are produced in large quantities worldwide. Many
different batch sizes, processes, and plant specifications exist, and economics of-
ten dictate the role played by human operator or automated machine. Small-scale
production runs up to 1000 L can be managed by small enterprises without much
sophistication. Where large-scale volumes permit, continuous processing can be
achieved, but this is probably the exception. Similarly, dispensing lotions into 
30-mL narrow-necked bottles will impose different economic constraints than
filling 500-g tubs with a thick cream. Whichever the case, raw material handling,
water purity, and plant hygiene are of prime concern.

The technical and formulation constraints imposed by different manufac-
turing conditions are a key part of formulation development and can command
considerable resource. The key issues that require control will be speed of heating
and cooling, speed of addition of one phase to another, shear, duration, and ener-
gy input during mixing. Some of the other constraints imposed will be addition of
volatiles (e.g., fragrance) or heat-sensitive raw materials (e.g., vitamins, botanical
extracts).

Where oils are added to water there is the likelihood of crystallization of
some high–melting point components if the water temperature differs too greatly
from the oil. Water phase thickeners also pose potential problems since thorough
dispersion is required to prevent the formation of gelatinous lumps; hydration of
the external layer can occur, preventing adequate hydration of the central mass.
Overagitation can introduce air into the mixture and with some emulsifier levels
and types, this aeration can be retained all the way through into the pack.

Another area of potential risk is incorporation of mineral particulates such
as talc, zinc oxide, or titanium dioxide. These create a high surface area and re-
quire adequate “wetting” if incorporated in water phase or dispersion into oil
phase. The effect on the overall emulsification requirements will not be simply
assessed via HLB calculations.

In some cases processing conditions can be the vital element in producing
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the desired product and here, or where other factors dictate, small-scale trial or pi-
lot batches may be desirable.

4 FORMULATION EXAMPLES

A number of example formulations are presented and ingredients discussed to il-
lustrate the issues highlighted earlier in the chapter. The formulations will also be
referred to later in the chapter when discussing performance aspects.

4.1 Basic Moisture Lotion

Formula I (Table 5) is a basic moisturizing lotion, which requires that some of
the oil phase will remain fluid at room temperature. Shorter chain esters are more
fluid contributing to this property in this formulation. Mineral oils are also use-
ful here but with added benefits of stability (lower risk of rancidity than esters)
and lower bulk cost. However the esthetics of a solely mineral oil formula would
not be very good and incorporating esters improves the skin-feel without reduc-
ing lubricity. Cetyl alcohol helps stabilize the emulsion and provides some vis-
cosity. Its higher molecular weight fatty chain length and relative hydrophobici-
ty contribute to this action. The ratio of oil to water will be around 1:3 and this
will influence the overall viscosity. Silicone oils usually count toward the oil
phase, and the type and concentration of silicone oil will depend on the intended
product use. Higher levels of barrier can be achieved with higher molecular
weight silicones.

Water phase thickeners not only provide added stability, but also increase
the bulk or body of the lotion. Such viscosity modifiers are also important when
considering how the product is dispensed. Pumping through nozzles creates high
shear forces. Some rheology modifiers tolerate these better than others and the
formulator must choose the correct combinations for this and “rub-in” proper-
ties. In the case of alginates or carbomers the effects of salts also require consid-
eration.

Salts present on the skin have a thinning effect on these systems and this
can be put to use to achieve “quick break” effects on application. Glycerin is an
all-purpose moisturizing ingredient that is cost effective and widely available
from a variety of sources. The level of incorporation and claims associated with
glycerin depend on the target market. In some markets urea might be another ex-
pected moisturizing ingredient though its mode of action would be different. Urea
also introduces stability constraints—pH and preservative and thickener compat-
ibility being examples.

Since pump delivery has the added benefit of reducing the risk of spoilage
via microbial contamination, this can be a popular pack choice for baby lotions.
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TABLE 5 Formula I: Basic Moisture Lotion—Oil-in-Water Emulsion, Lotion
Consistency

Ingredient name Function Comment

Aqua Solubilize and deliver
aqueous phase
ingredients; provide
cooling effect

Continuous phase.

Paraffinum
Liquidum

Provide occlusive layer
for emollience,
protection, and smooth
skin-feel

Disperse phase; low cost; low
risk of oxidation; low
miscibility with water phase.

Glycerin Humectant Polar nature enhances water
binding.

Caprylic/capric
Triglyceride

As mineral oil but with
better esthetics as a
result of its esterified
structure

Relatively short chain length to
maintain lotion
characteristic of this
formulation.

Dimethicone Adds some slip to the
skin-feel on application
and adds to barrier
produced by the oil
phase components

Different grades of silicone oils
(chain length, viscosity) give
different benefits to the
barrier and feel
characteristics.

Glyceryl stearate Nonionic emulsifier Lipophilic>lipophobic HLB 4.
PEG 100 stearate Nonionic emulsifier Lipophilic<lipophobic HLB 18.
Cetyl alcohol Co-emulsifier/wax Stabilizes disperse phase

droplet interface and acts as
viscosity builder.

Carbomer Aqueous phase thickener Improves stability; adds body
to lotion; breaks quickly as
product is rubbed in to
enhance esthetics.

Potassium
hydroxide

Neutralize acidic groups
on carbomer

Tetrasodium
EDTA

Sequestrant to prevent
metal ions being bound
to cationic groups on
aqueous phase
thickeners

Also enhances microbial
stability by removing metal
ions.

Parfuma

Preservativeb

aFragrance may or may not require special consideration during formulation.
bChoice of preservative will depend on local market regulations and preservation
needs.
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4.2 Water-in-Oil Cream

Whilst water-in-oil creams (Formula II, Table 6) may be expected to have high
proportions of oil, this is not axiomatic. Use of a combination of low HLB non-
ionic and silicone emulsifier systems to obtain highly stable small droplet size
water phase can contribute to an increased water content. The rich feel can come
from the high oil loading, and the emulsifier combination enhances this by pro-
viding a shear-thickening effect in use. This is counteracted by silicone fluid help-
ing provide final rub-in characteristic. In the case of this formulation the
C12–C15 ester makes up the bulk of the oil phase. This material has good solubi-
lizing properties for other oil phase components and has lower cost and greater
predictability and quality compared with other oil phase components. The lanolin
and bees wax add structure. The ratio of these structuring waxes and the fluid es-
ter will help define the final viscosity. The glycerin in the water phase is “trapped”
within the lipid matrix and when applied to skin may be released more slowly.

4.3 Anhydrous Emollient Cream

Where cost and efficacy permit, such anhydrous systems as Formula III (Table 7)
can deliver moisturized skin via emollience and occlusion. Lanolin performs this
dual role well but in the case of this formulation the cost is reduced by blending
petroleum based oils and waxes, silicones and carnauba wax (also a common
structural wax ingredient for lipsticks). Dispersion is aided by stearic acid. Mi-
crobial spoilage is unlikely in the absence of water but rancidity of lanolin and
other oils can be prevented by the inclusion of anti-oxidants such as butylated hy-
droxy toluene.

4.4 Basic Dry Skin Cream

A basic dry skin cream is described by Formula IV (Table 8). Where products for
therapeutic use are required, there are limitations imposed by regulatory bodies
on permitted raw materials.

Here the bulk of the oil phase is from mineral oil/wax to achieve a suitable
consistency occlusive film that rubs in well without being too greasy. Lanolin is
added for its emollient properties.

The combination of PEG-20 stearate and cetearyl alcohol is an example of a
commercially available mixed emulsifier system. This one known as Polawax™ is
commonly used in therapeutic skin care products. It provides very thick but not
particularly elegant emulsions. Oil phase components have well-documented tol-
erance and pharmacopoeia specifications. Other ingredients may be included for
therapeutic purposes—urea, lactic acid introduced into the water phase; additional
oil phase components rich in linoleic acid (borage oil, evening primrose oil, etc.).
Anti-oxidant may be included for formulation stability rather than skin benefit.
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TABLE 6 Formula II: Cold Cream—Water-in-Oil Emulsion, High Viscosity

Ingredient name Function Comment

Aqua Solubilize aqueous
phase ingredients

Disperse phase; effect more
prolonged since it is
trapped in oil phase.

C12–15 alkyl
benzoate

Provide emollience,
protection, smooth
skin-feel

Mixed chain length ester 
provides better 
combination of occlusion 
without waxiness (e.g., 
compared to paraffin).

Allows incorporation of 
other waxes.

Cetyl stearate Emollient
Polyglyceryl-3-

oleate
Nonioinic emulsifier/

thickener
HLB 5.

Cetyl dimethicone
Copolyol Silicone emulsifier

Lanolin alcohols Provide emulsifying and
emollient properties,
protection, smooth
skin-feel

Branched nature provides a
balance between
occlusion and protection.
Also has HLB 4

Cyclomethicone Slip on application,
subsequent
evaporation means
that it does not add to
occlusion

To balance against shear
thickening of cream
during rub-in.

Cera alba Provides emollience,
protection, smooth
skin-feel

Waxy nature also provides
structure to the
formulation to give high
viscosity.

Glycerin Humectant In disperse phase, slower
release possible.

Preservative

4.5 Upper-Mass Cosmetic Moisturizer

More sophisticated products inevitably comprise more ingredients. This may
seem self-serving in terms of ensuring the customer appears to get more for their
money. However such complex mixtures are required to create the desired textur-
al properties. Formula V describes an upper-mass cosmetic moisturizer formula-
tion (Table 9).



571Formulation of Skin Moisturizers

TABLE 7 Formula III: Anhydrous Emollient Cream—Ointment Consistency,
High Viscosity Cream

Ingredient name Function Comment

Lanolin Emollient; protective;
occlusive; smooth
skin-feel

Lanolin is a complex material
and its many components
provide a variety of
advantages to the skin.

Paraffinum liquidum Occlusive; protective Allows the bulk volume of
the product to be
substituted by this cheaper
and more stable raw
material.

Paraffin Occlusive Blend of liquid and this solid
matches overall lanolin
consistency to achieve
above.

Stearic acid Dispersing agent
(anionic emulsifier)

In this case there is no water
to create an emulsion, but
the material aids the
dispersion of all the
components.

Carnauba Structuring agent Together with the paraffins,
this wax creates a
lanolinlike consistency.

Cyclomethicone Skin slip on
application

BHT Butylated
hydoxytoluene;
anti-oxidant

Prevents the lanolin from
oxidizing (going rancid) on
storage.

In the case of this cream the backbone is a nonionic emulsion system using
the common C18 carbon chain backbone. Stearyl alcohol with 2 and 21 moles
ethoxylation respectively together with cetearyl alcohol co-emulsifier produce a
structuring effect that has liquid crystalline properties. This enhances stability and
mimics the structure of the stratum corneum lipids. Other oil phase components
are emollient esters; some, such as dioctyl maleate, have secondary action, in this
case as a solubilizer for the UV filters added to provide a level of UV protection.
Petrolatum, caprylic/capric triglycerides, isopropyl lanolate, and Theobroma oil
provide a balance of solid/liquid oils. Theobroma oil has a melting point close to
skin temperature and thus excellent skin-feel properties.
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TABLE 8 Formula IV: Basic Dry Skin Cream—Oil-in-Water Emulsion, Thick
Cream Consistency

Ingredient name Function Comment

Aqua Provide cooling, moisturizing
effect, consistent with
expectation

Continuous phase;
allows some
reduction in cost.

Paraffinum liquidum Protective; occlusive Bulk of oil phase.
Paraffin Protective; occlusive Combination of liquid

and solid paraffin
allows thick consis-
tency to be formed.

Lanolin alcohols Emollient
PEG-20 stearate Nonionic emulsifier HLB 1.4.
Cetearyl alcohol Co-emulsifier; structuring

agent
HLB 1.3.

Preservative

Humectant properties of glycerin and butylene glycol ensure a mixed, pro-
longed moisturization, which can be measured instrumentally.

Dimethicone adds “slip” during application to the skin. The water phase is
thickened using polyacrylamide and modified cellulose providing increased sta-
bility for this complex oil phase. The former gels but is more watery and cooling,
and “breaks” on application; the cellulose persists longer.

The skin benefits provided by the combination of vitamins A, E, and C are
common amongst modern anti-aging skin creams.

4.6 Moisturising Gel

The gel formula (Formula VI, Table 10) provides a rapid, cooling watery feel to
the skin and would be common for after-sun or body massage products. In order
to deliver more than transient moisture, the formula comprises humectants seen
in other formulae, but also amino acids to mimic the role played by natural mois-
turising factor. Aloe barbadensis is reputed for soothing properties and would fit
well within an after-sun product. The source and quality would dictate what
strength of claim could be made for the product.

Alcohol adds additional cooling as well as augmenting the resistance to mi-
crobial challenge. The level of alcohol chosen needs to balance these properties
with the potentially drying effects on the skin that alcohol may have.

The bulk of the gel is carbomer cost effective and highly stable in these
product types, particularly in the presence of alcohol. The only emulsification re-
quired is to solubilize fragrance.
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TABLE 9 Formula V: Upper Mass Cosmetic Moisturizer—Oil-in-Water
Emulsion, Cream Consistency but Light with Good Break Properties

Ingredient name Function Comment

Aqua Solubilize and deliver
aqueous phase
ingredients; provide
cooling effect

Continuous phase.

Butylene Glycol Humectant More expensive than
glycerin, but better
efficacy.

Paraffinum liquidum Emollient; protective
Dicaprylyl maleate Emollient ester; good

skin-feel and
solubilising properties
for UV filters

Petrolatum Emollient; protective
Glycerin Humectant
Caprylic/capric

triglyceride
Emollient ester Relatively short chain

length to add to
sophisticated skin-feel

Octyl
methoxycinnamate

UV filter Peak absorbance around
erythemal (UVB) part of
spectrum.

Steareth-2 Nonionic emulsifier HLB 8.
Cetearyl alcohol Co-emulsifier;

structuring and
stabilizing agent

Butyl methoxy-
dibenzoyl-methane

UV filter Absorbance in UVB and
UVA regions of
spectrum.

Steareth-21 Nonionic emulsifier HLB 15.5 Combined with
steareth-2, cetearyl
alcohols give liquid
crystalline structure to
emulsion.

Isopropyl lanolate Conditioner; emollient Lanolin derivative adds
lubricity.

Theobroma cacao Structuring agent; good
skin-feel on application
and on skin

Solid with melting point
at skin temperature.

Dimethicone Added slip during
application

Polyacrylamide Aqueous phase
thickener; stabilizer;
viscosity enhancer

Breaks quickly as product
is rubbed in to enhance
esthetics.
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TABLE 9 Continued

Ingredient name Function Comment

Hydroxyethyl
cellulose

Aqueous phase
thickener; stabilizer;
viscosity enhancer

Adds body to lotion;
slower break to
encourage rub-in
characteristics.

Tocopheryl acetate Anti-oxidant
Ascorbic acid Anti-oxidant Combination of vitamins

E and C improves anti-
oxidant action.

Retinyl palmitate Vitamin effect Effective in rebuilding
epidermal lipids.

Tetrasodium EDTA Sequestrant Prevents metal ions
interfering with water
phase thickener.

Parfum
Preservative

5 PERFORMANCE CRITERIA

The performance of moisturizers has been continually referred to throughout the
chapter. Some of the important aspects of this are discussed here alongside the
regulatory and safety considerations, which the formulator will need to assimi-
late.

5.1 Esthetics

Earlier in this chapter, and elsewhere in this book (Chapter 1), reference has been
made to the need for moisturization and the benefits conferred by various types of
product. When the question Why are there so many to choose from? is asked, part
of the answer lies in esthetic considerations. This property (including the packag-
ing and branding) drives much of the purchasing behavior. There is a spectrum of
needs from a moisturizer but the pleasurable experience that moisturizers convey
is important. I want to touch upon the esthetic considerations affecting choice of
raw material. The relationship between esthetics and stability referred to earlier in
this chapter will again become evident.

The role of fragrance is of undoubted importance in choice of most mass
market moisturizers. I shall not deal with this particular aspect since, though fra-
grance stability in the formulation is vital, limitations imposed by fragrance on
raw material choice are few and often idiosyncratic. Fragrance can be a means of
masking unpleasant odors from some of the raw materials.
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TABLE 10 Formula VI: Moisturizing Gel—Aqueous Gel, Pumpable 
Thick Viscosity

Ingredient name Function Comment

Aqua Bulk of product
Alcohol denat Provides cooling

effect on
application

Also provides solubilization and
ehancement to preservation.

Butlyene glycol Humectant Prolongs moisturization effect
beyond initial application.

Glycerin Humectant Prolongs moisturization effect
beyond initial application.

Polysorbate-20 Fragrance solubilizer HLB 16.7
Triticum vulgare Source of amino

acids
Mimics NMF in skin.

Glycine soya Source of amino
acids

Mimics NMF in skin.

Carbomer Structuring agent The only source of structure in
the product, this is chosen for
its stability to alcohol and
pumping. Pump packs reduce
the risk of introducing
microbial agents and (like
alcohol) enhance preservation.

Aloe barbadensis Moisturizing
ingredient

Quality and quantity of aloe
extract will dictate what
benefits can be conferred on
the product.

Potassium
hydroxide

Neutralizing
ingredient

Tetrasodium
EDTA Sequestrant

Parfum
Preservative

5.1.1 Sensory Properties

The key characteristics will differ between consumer groups but some will be
universal. Definitions of these properties vary from person to person and the in-
dustry has long had an interest in using sensory panels to help them understand
exactly what the criteria are and how they can be influenced by product formula-
tion—raw material and processing.

In comparing emulsions one of the most obvious characteristics is its visu-
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al impact. Bright, white, shiny emulsions are achieved with good processing and
small particle size. Earlier in the chapter the role of emulsifiers has been dis-
cussed. Some stabilizers, such as higher molecular weight waxes, can induce
some graininess and crystallike appearance, especially if heating and cooling has
not been well controlled. Use of water phase thickeners and stabilizers can induce
a watery whiteness. A high degree of order, as exhibited in liquid crystalline
emulsions, can confer a translucent appearance.

In order to understand these properties expert panels can be used. These
comprise persons with a high degree of sensory perception. By recognizing the
skill and developing it by suitable training the panel can detect and reproducibly
describe in a quantitative manner many of the attributes that consumers demand
of the product. In doing so they are acting in a similar way to instrumental analy-
sis, providing numeric information with which to compare many different proper-
ties from a given set of products. Ultimately the measures are comparative, and
the use of benchmarks is essential to make any comparison between sets of data.

Sensory testing can only be a test under ideal conditions, and relating this to
in-use conditions is another essential part of understanding product esthetics.
Factors that must be borne in mind include the variations in skin site (e.g., face
versus body). Even on the face the underlying bone and musculature will vary
within individuals and with other factors such as age. Thus formulations targeted
at older facial skin types will first need to consider the sensory properties pre-
ferred by the target group prior to testing these using expert sensory panels. The
final stage will be to confirm the result in a large number of the target population.

Results from product comparisons using sensory analysis will provide an
understanding of the qualitative differences between products (see Fig. 4). Con-
verting these findings into quantitative changes in the raw material components of
the formulation will require skill and experience from the formulator. Like many
other factors in formulation technology, changing one component rarely results in
a single change in one product characteristic. As an example of this I shall briefly
touch on some of the sensory properties that may be exhibited in a product and
show how they may be altered.

Rub-in. This property can be described as the ease with which a product
disappears on application. It will be a function of several things includ-
ing initial viscosity, viscosity change under shear, compatibility of oil
phase with the skin, the amount of water, and whether the water is the
continuous or dispersed phase. Improving rub-in of Formula I (Table 5)
could be achieved in several ways. Increasing the aqueous phase thick-
ener concentration whilst reducing the cetyl alcohol will maintain the
viscosity and decrease the rub-in. Increasing the ratio of caprylic/capric
triglyceride to liquid paraffin in Formula I, or increasing the ratio of
C12–15 alkyl benzoate to cetyl stearate and or lanolin alcohols in For-
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FIGURE 4 Predicted sensory properties of four formulations referred to in the
text. This shows how the different performance attributes can be analyzed
using this technique. Customer expectation of particular attributes will help
to define final formulation performance, usually against a benchmark. 

mula II (Table 6) would similarly reduce rub-in. Increasing the water
phase in either of these formulae will reduce rub-in, but with very differ-
ent consequences for stability since the water-in-oil emulsion may al-
ready be close to its maximum water content. However this option is not
possible in Formula III (Table 7), where altering of the ratio of liquid to
soft paraffin or the introduction of lower viscosity oil may be required to
improve rub-in. The structure of the emulsion also plays a major part in
sensory properties. Liquid crystal structures tend to smooth the rub-in
characteristics (Formula V, Table 9).

Greasiness. Greasiness on the skin can be determined by visual and tac-
tile signals. The changes in oil phase components suggested to improve
rub-in may increase the greasiness, whilst increasing the water phase
may reduce greasiness. Improving the compatibility of oil phase compo-
nents with the skin by reducing the reliance on mineral oils and waxes or
changing to natural esters may also improve the relative greasiness of
Formula III. Whilst the possible change in degree of greasiness for this
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formula may appear to be small in comparison to the lotion in Formula I,
sensory analysis (comparing like with like) may show where improve-
ments have been achieved. Smaller particle size o/w emulsions will also
have reduced perception of greasiness.

Tackiness. Although self-explanatory, this property can manifest itself
during or after application to the skin and can stem from oil or water
phase components. Tacky oils include lanolins, cetyl and cetearyl alco-
hols, and high viscosity modified silicones. Water phase components
such as proteins, panthenol, and some aqueous phase thickeners will
produce a tacky feeling if used in too high a concentration. Thus the
ranges in which these can be used to improve stability are limited by
their adverse effects on sensory properties. Anhydrous systems such as
Formula III will have an inherent tackiness during application; this
could be reduced by changing the ratios of higher and lower melting
point components or increasing the level of silicone. However “oil-free”
moisturizers are not without tackiness. Polyols and proteins added to
provide substantive moisturization (beyond the transient addition of wa-
ter to stratum corneum) can confer some tacky after-feel to the skin if
used at inappropriate levels.

Slip. This expresses how the product glides across the skin. In some ways
this is related to “break” (see following). The lubricity of a product can
be highly pleasurable and an indicator of the “premium” position of a
product. Likewise a moisturizer for compromised skin will require a de-
gree of slip in order to prevent putting a dry or friable skin under undue
stress during application. Esters are among the best sources of slip in a
formulation, but mineral oils and silicones are also important. Where
massage is an important attribute of the product in-use (e.g., ante-natal
body creams), slip might need to be balanced against provision of some
resistance to encourage more rub-in (e.g., shear thickening properties of
Formula II, Table 6).

Break. This can be seen as the initial slip and is more a descriptor of the
formulation than its action on the skin. A thick, gel-like cream may actu-
ally contain relatively low oil phase and very quickly break down under
the stress of rubbing in. Such systems need to be stable to other forms of
stress (e.g., pumping), and the presence of salts on the skin helps to de-
structure the polymer matrix and achieve the break. Such products when
placed on the skin without any rubbing can sometimes be seen to melt
and flow across the skin as the gel structure breaks down. Certain emul-
sifiers can also impart this property.

Moisturized after-feel. This is obviously a highly important factor for a
moisturizer. However there are other sensory characteristics contribut-
ing to this, e.g., softness, smoothness, suppleness. To understand their
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relative importance, further breakdown of the sensory properties may be
required if the consumer group targeted actually wants a specific mois-
turizing effect. However for basic moisturizers satisfying moisturized
after-feel may be sufficient. The formulation choices will depend in part
on which of these different needs are to be fulfilled.

It is important to point out that these sensory descriptors and any others that
may be generated for a particular product are of no inherent value without an un-
derstanding of their contribution to consumer expectation or demand. Thus a high
level of tackiness may be a negative influence in formulating a premium moistur-
izer, but neutral or of no importance for a therapeutic dry skin cream. It is also im-
portant to understand the role of fragrance and minimize its impact in comparing
products by using unfragranced samples or masking the sensory panel’s sense of
smell in some way. Understanding the relationship between sensory characteris-
tics and consumer expectation can be difficult for innovative products, but for ex-
isting product types the use of a benchmark will help define the key parameters
that will drive choice of formulation.

It is also clear that there are an enormous number of raw material combina-
tions that will achieve a required sensory profile. Thus different combinations
may provide sensory properties so similar that they are beyond perception.

5.1.2 Rheology

The process of rubbing a product into the skin involves placing the product under
shear, and the sensory performance of products under these conditions are key to
our understanding of the consumer acceptability. For this reason product rheolo-
gy is studied in an attempt to produce objective instrumental data on product be-
havior during shear. This has the added benefit of assisting understanding of prod-
uct performance during processing, packing, and delivery.

Under increased shear, a proportional linear increase in the induced stress
(Newtonian flow) is rarely seen in emulsions. Usually the response will exhibit
some form of curve describing viscoelastic behavior. Where increasing shear rate
causes an initially steep but then plateau response in stress, the flow is pseudo-
plastic. This would be typical for a rich cream that resisted initial massage but
then flowed into the skin. When increasing shear rate produces an initially low
shear stress response which then rises exponentially, the flow is dilatant. This
would be typical for a lotion which flowed but then thickened as the water disap-
peared into the skin and the mixture became thicker in texture.

5.1.3 Ensuring Continued Product Use

From a therapeutic or commercial standpoint this is an important factor since a
product will be best used if it is pleasant, easily absorbed, and well tolerated in
use. For therapeutic moisturizers the skin-feel during application may be less im-
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portant than the skin texture after application, and skin comfort will probably
override both. Skin texture will be important for users of cosmetic products but
less important than elegance on application and skin residue. The role of raw ma-
terials in providing these sensory properties is vital, as is to a lesser extent how
the product is processed prior to sale.

In assessing the compliance factors and the trade-offs a consumer may
make in approving a product, the formulator will need to use a number of meth-
ods. The sophistication of the method will vary depending on the cost of getting it
wrong. Large-scale consumer testing using identified target consumers will bring
better information but is not a useful screening method for candidate formula-
tions. There exists an array of methods that can help the formulator refine and/or
select the final product. In many of the cases it is the qualities of the formulation
that are under test rather than the total product (pack, design, claims, etc.).

5.2 Regulatory Influence

These issues are covered elsewhere in this book, but it is worth noting their im-
portance in driving choice in formulation components, testing, and delivery. The
product must fulfill consumer expectation not only from a legal standpoint, but
also from commercial necessity. Understanding the formulation constraints of
(say) α-hydroxyacids is as important from a technical standpoint as a legal one if
safety and efficacy are to be delivered.

5.2.1 Interaction of Product with the Skin

It is clear that combining the complexity of skin biochemistry, in particular that of
the stratum corneum, with the complex chemistry of moisturizer formulation, in
particular emulsification, produces a system with little in the way of predictive
behavior. Deleterious effects of raw materials can be detected in simple systems,
but once formulated the picture becomes less clear. The product developer has the
task of assessing raw material performance (including safety) from a number of
sources, including previous experience. In light of this, limitations on new raw
material introduction and product innovation need to be balanced against issues
of ethics and safety.

The formulator must design for safety (and efficacy a close second!) from
the bottom up. Some authors have suggested that long-term use of emulsions will
adversely affect the skin [8], and routine testing of skin tolerance should ideally
be achieved using more than a single use. It has also been suggested that emulsi-
fier choice contributes to the skin intolerance often attributed to other formulation
components such as fragrance or preservative [9].

Whilst the relative risk here is probably low, future developments in tech-
nology and consumer expectation of moisturizer formulations will undoubtedly
involve continued tailoring of the emulsifiers to the skin.
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Elsewhere in this chapter the need for preservatives is discussed. There is
increasing interest in the prevalence of skin hypersensitivity to particular preser-
vatives. This is also the case for sunscreens and fragrances. The product develop-
er will be aware of these issues and prior to inclusion in a formulation will assess
the rationale for incorporating any raw material with a likely sensitization risk.
Consideration will be given to target customer (e.g., infants, people with sensitive
skin), conditions of use (where on skin, how often, etc.), use rate (daily, weekly),
and geographical market (European, global). Product testing will also help to in-
form a final assessment of the risk.

5.2.2 Interaction with the Skin and Ensuring 
Claims Substantiation

In the context of regulatory influence it is also true that the cosmetics industry has
other challenges. The increasing desire to control products appears to be driven
from several angles. One suggests that since cosmetic products are “trivial,” the
risk/benefit analysis should err toward greater control of safety. More recently the
increased understanding of skin physiology has led to the belief that cosmetics
can have beneficial effects on skin physiology and products should reflect these
benefits in claims on the packaging. This has again resulted in a belief that control
along the lines of drug status or “cosmeceuticals” is desirable (see Chapters 16
and 28).

The challenge for the product developer is to ensure that the claims remain
within the legal definition of a cosmetic. Ensuring that the product actually deliv-
ers a claim is also vital, since claims are increasingly seen as the means of prod-
uct differentiation. This is especially important where ingredients referred to on
the label are used to justify or help deliver claims. Whilst this is a legislative issue
the formulator (and marketer) should consider this high on the list of product
specification, since not delivering a claim can be commercially disastrous. Indus-
try guidelines on claims do exist but since the market moves very quickly it is
impossible to define a particular test to support a given claim. The European
Guidelines propose an approach to claims substantiation rather than prescribed
methods [5].

It is important to return to the fact that skin moisturizers now encompass
many products that do more than moisturize (see Chapter 1). Skin lightening,
anti-aging, sun protection, and cell renewal are all claimed to be delivered from a
daily moisturizer. Much of the rest of this book is dedicated to understanding the
underlying skin physiology and some of the means of influencing this. Here I will
briefly touch on issues that exercise the formulator’s thoughts in designing mois-
turizers with “actives.’’

The formulator is often first confronted by data from suppliers of candidate
raw materials. In previous times such data may have been from animal studies,
which were sometimes performed irrespective of ethical factors and were of lim-
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ited value in scientific interpretation. Today data from in vitro tests is frequently
provided.

The formulator needs to understand the limitations of the test(s), the influ-
ence of formulations used in these tests, particularly where cells grown in aque-
ous media are used, and the relevance to human in vivo exposure. The develop-
ment of three-dimensional, fully differentiated human epidermal skin models of
reproducible quality has gone some way to assisting the formulation scientist in
this task [10].

With these factors taken into account, there is often a residual question to
be answered. How much of raw material X do I need to achieve the desired ef-
fect? The response is to work through the available data in order to choose a lev-
el of ingredient that is both safe and efficacious prior to testing the final product in
human volunteers to assess if a claim is measurable and perceivable. (See this
volume Chapters by Jaret; Grove; Pierard).

5.2.3 Fitting Performance to Skin Physiology

This aim would appear to be sensible in order to maintain the safety and perfor-
mance expectations of the consumer. However, even where a case appears
straightforward, there can be complex issues that influence the formulator’s final
decision. The case of UV protection in daily moisturizers is an example.

The influence of ultraviolet light exposure from the sun on premature skin
aging (photoaging) is well accepted though compounded by other factors [11].
The role of short wavelength ultraviolet light (UVB) in burning the skin is also
accepted, but the relationship between frequency and intensity of burning and
premature skin aging has not been defined. What is clear is that those who have
outdoor occupations show higher degrees of photoaging than those with indoor
occupations.

The role of longer wavelength ultraviolet light (UVA) in burning is approx-
imately 1000 times less than UVB, but there is still damage caused by increased
exposure to UVA alone. This has been termed aging damage, though both UVB
and UVA are involved.

Sun protection factors (SPF) can be derived for products using accepted
and standardized human test methods to deliver protection against burning. How-
ever the protection is not complete; even SPF 60 products allow 1.7% of the burn-
ing UV rays to get through to the skin. The raw materials used as UV filters in the
formulation rarely act like a neutral density filter. Therefore the burning UVB
wavelengths may be absorbed, protecting against burning without absorbing the
longer wavelengths to the same efficiency. Therefore there may be a risk of over-
exposing the skin to the longer wavelengths by use of these products. This has led
to the use of other measures of assessing sun protection against longer wave-
length ultraviolet (UVA) penetration.
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The consumer need for SPF numbers is protection against burning, and the
product is usually applied when deliberate, recreational exposure is anticipated,
e.g., whilst at the beach. Daily moisturizers are not used globally as protection
against burning, and only in markets where the occasional, accidental exposure to
UV constitutes a threat of burning is the SPF number really relevant.

Where the consumer need is protection against premature aging the role of
the SPF number has become the consumer short-hand. In the absence of anything
better, the message has become “sun protection is important therefore SPF num-
bers are important.’’

This message has been given great support by dermatologists and the beau-
ty press, and as a consequence we find ourselves using SPF numbers (possibly in-
appropriately) to help deliver a consumer need. We cannot guarantee what level
of SPF is appropriate since we do not have the direct supporting evidence, but
SPF 15 has become the recommendation for protection against UV in daily skin
care based on the opinion of a number of experts. Discussion of the value of this
number and the basis for this recommendation has been overtaken by events.

Perhaps more importantly there are other considerations for the formulator.
A once-per-day application of a moisturizer claiming SPF 15 would require that it
deliver this level of protection throughout the day. Beach use products normally
include advice on pack to reapply ever hour or two. In terms of consumer expec-
tation, the package wording needs consideration. Neither is it easy to formulate
an SPF 15 moisturizer with high quality esthetics; the UV filter loading required
produces heavy and greasy skin-feel. From a safety standpoint, there is also the
issue of exposure to UV filters. The risk of contact sensitization has been raised
though not quantified. The safety assessments made on UV filters used exposures
based on infrequent holiday use rather than daily exposure via a moisturizer. Thus
even with an active with a known action, physiological endpoint, and standard
test methods, there are difficulties for the formulator to overcome.

6 SUMMARY

Formulation of a moisturizer requires an understanding of technical and commer-
cial factors and the restrictions that they can impose. As discussed in Chapter 1,
many new moisturizers launched on the market do not survive. The overall suc-
cess can depend on such factors as promotion and professional support, which
though they are outside the developer’s control should be part of the early plan-
ning. Understanding how the various factors interact is as important as under-
standing the physicochemical interactions within the formulation. Delivering a
stable, safe, and esthetically pleasing product that meets consumer expectation is
the aim of all product developers. This chapter has identified some of the techni-
cal elements that go toward supporting successful product development.
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1 INTRODUCTION

Very few types of cleansing products have the ability to truly moisturize the skin,
either by enhancing the residual moisture content of the stratum corneum, remov-
ing dry skin flakes, or increasing skin elasticity. Many cleansing products claim to
be, or are trademarked as, moisturizing cleansers but during typical use they do
not deliver these benefits. The objectives of this chapter are to provide an expla-
nation of what constitutes a moisturizing cleanser in today’s market and outline
methods of measuring the benefits.

The most common and economical form for cleansing is bar soap. Soap is
the comparative standard for all personal cleansers. If a product is milder, more
moisturizing, less drying, etc., it is always milder than soap, more moisturizing
than soap, and less drying than soap.

Simplistically, soap is the sodium and/or potassium salt of a fatty acid.
When sodium potassium soaps are used with conventional water, the divalent and
trivalent metallic ions will exchange with the Na+ or K+ ion to form multivalent
salts that are insoluble. The multivalent metal soaps readily precipitate on the skin
and any other available surface. These insoluble soaps are referred to as lime
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soaps or soap scum. This phenomenon is important since it affects the sensory
properties of cleansing products. The scum deposition is not observed with the
synthetic detergents used in moisturizing cleansers.

The pH of toilet soaps is approximately 10 [1]. This high pH and its cleans-
ing properties promote the loss of water and water-binding materials from the
stratum corneum. These characteristics establish the basic precepts for moisturiz-
ing cleansers. By substituting different surfactants for all or part of the soap and
lowering the product pH closer to physiologic values, the product becomes less
disruptive to the skin barrier, and therefore less residual water is lost. The first
products to apply these precepts were combination bars that used a mixture of
sodium soap and synthetic detergents. These products were shown to be less dry-
ing than conventional soap bars and subsequently became thought of as moistur-
izing cleansers. The most common synthetic detergent added to bars is isethion-
ate.

2 FORMULATION

Isethionates were one of the first surfactants used in the moisturizing category.
This class of surfactants is a monovalent metallic salt of an alkyl carboxyethane
sulfonate. Their properties make them ideal for solid cleansers. They possess a
high melting point and are stable when added to soap bars. Isethionates are effec-
tive dispersants for lime soaps and thus decrease the surface deposition of soap
scum. Soap bars containing isethionate are stable at a pH of 7.

The solid cleansing products have now given way to the liquid cleansers,
which are less drying than the combination bars and allow for a high degree of
flexibility in formulation and the delivery of new benefits. The liquid cleansers
are essentially the same formulations as today’s hair shampoos. The approach for
formulating moisturizing cleansers will be detailed in the following sections.

2.1 Ingredients

2.1.1 Surfactants

The surfactants are classified usually by the inherent charge associated with the
surface-active moiety of the molecule. The surfactant classes are anionic (nega-
tive charge), cationic (positive charge), zwitterionic (both positive and negative
charges), and nonionic (no charge).

Primary. The products are usually assembled with a mixture of detergent
types. The primary detergents are almost always anionic. The alkyl sulfates may
be included as the primary detergent for their lather characteristics and durability
in the presence of soil loads. They are inexpensive but are much too irritating to
the skin to be the only surfactant in a cleansing product. The linear alkylbenzene
sulfonates have also been used as the primary detergents. Although as a class they
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are milder than the alkyl sulfates, they are considered skin irritants. The most
prevalent anionic surfactant used in moisturizing products today is the alkyl ether
sulfates. This class of detergents usually has a C12 alkyl group (lauryl) and 2 to 3
moles of ethylene oxide (ethoxylation) to form the ether linkage of the molecule.
If lower degrees of ethoxylation are used, the surfactant will produce better foam-
ing characteristics and have lower water solubility, higher propensity for irritating
or drying skin, and higher Krafft temperatures. The 2–3 moles of ethoxylation
seem to be the best balance at cleansing, foaming, and mildness. Longer carbon
chains will produce some lather but at a much lower volumes and more dense
when compared to the C12 alkyl chain.

Other anionic surfactants have been used as the primary cleanser but usual-
ly have some disadvantage when compared to sodium laureth sulfates, e.g.,
monoalkylphosphates, ammonium isethionates, and lauryl or cocoyl sarcosinates.
Primary surfactants can be combined to achieve the ideal balance between mild-
ness and lather characteristics (volume and durability). The primary surfactants
are commercially available with various counterions. The counterion can affect
the solubility, formula compatibility, and overall mildness. Na+, K+, and Mg2+ are
the more common counterions seen in today’s moisturizing liquid cleansing prod-
ucts. The active concentration for the primary surfactants is typically in a range of
8–20 w/w%.

Co-Surfactants. The co-surfactants are added to moisturizing liquid
cleansers for a multitude of reasons. If co-surfactants were used as the primary
detergent, they would be inferior by consumer standards for lather volume and
density. Consumers typically would rate the products as diluted, weak, and ineffi-
cient. When the co-surfactant is combined with the primary anionic detergent, the
formulation will produce results that increase consumer acceptance and are less
destructive to the stratum corneum barrier.

The usual co-surfactants are anionic or zwitterionic. In some specialized
products, nonionics will be used to decrease the harshness of the cleanser to skin
and eyes. The nonionic co-surfactants are generally found in products marketed
for children or babies. Adding nonionics to liquid moisturizing cleansers is a
challenge since they suppress lather volume and durability. In many moisturizing
liquid cleansing compositions, two or three co-surfactants will be used. The zwit-
terionics are more prevalent due to their various properties. Zwitterionics dimin-
ish the harshness of the primary surfactants and have a propensity to adsorb to the
skin, thus providing some conditioning benefit. The most common zwitterionics
are imidazoline, amino acid, and betaine derivatives. The inherent charge of the
zwitterion surfactant molecule is pH dependent. Adjusting the pH to an acidic or
basic range can control the character of the composition. The amphoteric (or
zwitterionic) detergents will as a rule produce a better quality of lather at basic pH
since they assume a negative charge (anionic). When the pH of the formula is
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acidic, the amphoteric surfactant becomes cationic (positively charged) and pro-
duces a conditioning effect since it is now substantitive to skin or hair. It is well
documented that irritation and eye stinging can be significantly reduced by the
addition of amphoterics to conventional cleansing systems [2].

The newest class of co-surfactants is the polyglucosides. This group of de-
tergents is formed from the reaction of glucose and fatty alcohols. The polygluco-
sides are mild and have a low potential for irritation. They are nonionic in charac-
ter and possess better foam properties than the amphoteric class of detergents.
They are not well adsorbed by skin and therefore have no conditioning effect. The
application of polyglucosides is detailed in the referenced patent [3].

One of the mildest anionic co-surfactant classes is the sodium alkyl sulfos-
uccinates or alkyl ether sulfosuccinates. Sulfosuccinates are restricted to a narrow
formula pH of 4 to 6 because they are prone to base catalyzed hydrolysis.

The amino acid–derived co-surfactants include the sarcosinates, propi-
onates, glutamates, and taurates. The mildness and conditioning effects of these
detergents are well documented. They are often included in specialized hair
shampoos and moisturizing body cleansers.

The co-surfactants have the significant ability to influence the consumer
sensory properties of moisturizing cleansers. In general applications, the total ac-
tive concentration for co-surfactants can range from as low as 2 w/w% and as
high as 15 w/w%. The use concentration in moisturizing formulas is frequently
limited by product economics.

2.1.2 Conditioning/Moisturizing Agents

This diverse group of materials provides the distinctive features of marketed
moisturizing cleansers. The discussion in this section has been limited to the more
common ingredients. These agents are used for their effects on skin, whether they
would be physiological, sensory, or a combination of the two.

The deposition of these ingredients on skin is a true dichotomy since the in-
tent of cleansing is to remove foreign material from the target surface. Promoting
the deposition of the conditioning or moisturizing agent while selectively remov-
ing dirt is a significant challenge for the product formulator. The deposition of the
selected materials must be highly efficient since only 5 to 15 g of product are used
during the cleansing treatment. Considering, on average, an adult has 2 m2 of
skin, this calculates to be 0.75 mg cleansing product per square centimeter. Since
the conditioning or moisturizing ingredient is usually less than 10% of the cleans-
ing composition, and if 20% of this material would be adsorbed, the amount of
material remaining on the skin is less than 15 µg/cm2. Another factor which can,
and usually does, interfere with the deposition of these beneficial materials is the
use of an accessory, e.g., a washcloth, a polyethylene puff or pouf, or even a
sponge. Often the target material deposits or adsorbs to the accessory and very lit-
tle is delivered to the skin. Finally, the most significant obstacle to skin deposition
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is the constant elution of the adsorbed agent by the rinse water. It becomes more
apparent that delivering an effective amount of the conditioner or moisturizer to
the skin is not a simple task and presents a true challenge to the technical formu-
lator.

Lipids and Oils. If moisturizing or conditioning the skin were simply
adding a lipid or oil to the cleansing product, then this discussion would be brief.
Simply adding these materials to a cleansing formula usually results in a product
failure. The lipophilic ingredients suppress the lathering characteristics and often
lead to phase separation of the cleansing product. There must be a balance be-
tween the detergent and conditioning ingredients in the formula. Ethoxylation of
the oil or lipid will facilitate its incorporation into the formula, but if the material
is too soluble or too dispersible in water, it can easily be rinsed from the skin. An-
other concern about the inclusion of an oil or lipid in the cleansing formula is that
the lipophilic material may enhance the solubility of the skin lipids and facilitate
their removal during treatment. There are commercial hard-surface cleaning
products that have successfully applied the synergy of oil and detergents. Obvi-
ously, skin is not a hardsurface and this is not a desired outcome for a moisturiz-
ing cleansing product.

Another technology that is used to incorporate the lipid in the cleansing
composition is structured surfactants. Albright and Wilson developed this tech-
nology in the 1980s. A simple analogy of the technology is an onion [4]. The
onion is composed of multiple layers, in this case surfactant layers, and sand-
wiched between the surfactants is the lipid ingredient. When this material is ap-
plied during cleansing, the structure collapses when diluted (rinsing) and the lipid
is deposited on the skin. The technology provides a significant lipid payload to
skin.

The cleansing accessory must also be included in this discussion. With the
rapid commercialization of the polyethylene body pouf or sponge, cleansing for-
mulas no longer needed high levels of surfactants. The open weave of the acces-
sory provided a high number of nucleation sites for bubble or lather generation, in
other words the device mechanically compensates for low lather volumes and
slow lather-building systems. This allowed formulators to use higher percentages
of lipophilic ingredients and maintain consumer acceptability of the product
when used with the accessory.

There are many examples of oils and lipids used in marketed moisturizing
cleansers. Glycerides from vegetable oils, e.g., capric, cacprylic, and soybean,
which are usually unsaturated or short carbon chains, are often added as the mois-
turizing ingredient. Giret discloses the utility of some of these oils [5]. The unsat-
urated or branched carbon chains have lower melting points and tend be liquid or
semisolid at room temperature, which is desirable for ease of incorporation into
the formula and product stability. Hydrocarbons, such as petrolatum or paraffin,
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have been used successfully in key moisturizing cleansing brands. The usual use
level of these materials is 3–5 w/w%, but some products may contain as much as
8–10 w/w%.

Polymers. This discussion will include synthetic and natural polymers
since both are used as conditioners in moisturizing cleansers. The majority of the
polymers has a cationic net charge and is substantive to skin. The molecular
charge is usually from a quaternized structure in which N+ is the cationic moiety.
These large chains attach to the negative sites on the skin and create the sensory
effect of smoothness and softness. Many of the polymers have a cellulosic or re-
peating sugar backbone. The polymers must be hydrated, to facilitate their elec-
trostatic attachment to the skin. The conditioning effect is transient since the
polymers eventually will dehydrate and be sloughed from the skin’s surface. Af-
ter the polymers are fully hydrated, they are tolerant to the anionic detergents
without flocculation or precipitation. This phenomenon will be discussed in more
detail later in the chapter. A few examples of these polymers are polyquaternium-
10, polyquaternium-7, polyquaternium-11, and chitosan. The active polymer con-
centration normally found in cleansing products is 0.1–1.0 w/w%.

Proteins. The original use of proteins in moisturizing cleansing products
was found in marketed hair shampoos. The proteins, which can be animal or plant
derived, are usually hydrolyzed or chemically modified to improve their physical
properties, such as odor, color, and their affinity for skin or hair. This discussion
of proteins also includes polypeptides since these ingredients all have similar
characteristics. They are somewhat substantive to areas of the skin where some
protein denaturation has occurred. These ingredients may also be cationic and at-
tracted to the skin via the electrostatic forces. Proteins exhibit a sensory effect
similar to the polymers, i.e., skin smoothness and softness. Their effect is also
transient since these materials will also wear from the skin. The concern of using
proteins, especially animal derived, is the potential for developing sensitivity to
the material. The use level of proteins is relatively small due to material cost and
the adverse influence they can impart to the quality of the marketed cleanser. The
active protein concentration is usually restricted to less than 1 w/w%.

Silicones. Silicones have been used as a conditioning or moisturizing
agent in cleansing products for over a decade. One of the first applications of sil-
icones in a cleansing product was reported by Bolich et al. [6]. He disclosed how
to suspend the silicone gums in a detergent system (shampoo). Upon rinsing (di-
lution) the silicone suspension is destabilized and the gum is uniformly deposited
on the hair or skin. One of the inherent properties of silicones is to efficiently
spread and form single layers on a surface. The expectation would be the same for
skin. The silicone spreads evenly on the skin surface providing a sensory effect
and possibly forming a barrier to reduce water loss. The sensory effect is a
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smooth, powdery feeling on the skin. The challenge with using silicones is the
fact they are known to be one of the most efficient antifoam materials available.
In a personal cleansing product the lack of lather will make the product’s perfor-
mance completely unacceptable. The most common approach for adding sili-
cones to cleansing compositions is to suspend the material separately and then in-
corporate this suspension into the detergent phase. The mixing of the two phases
uses minimal shear, which allows them to form a uniform macrosuspension, with-
out physical interaction. The preferred range of silicone in a moisturizing cleans-
ing product is 1–5 w/w% active.

2.1.3 Preservatives and Fragrances

These two classes of ingredients are not necessary for cleansing or moisturiza-
tion, but are required to prevent spoilage and to drive consumer acceptance of the
product. A variety of preservatives are available that have different types of action
retarding spoilage of the formula. Microbial spoilage is usually controlled with a
formaldehyde donor, such as DMDM hydantoin, imidazolidinyl urea, diazo-
lidinyl urea, methylchloroisothiazolinone and methylisothiazolinone. Other types
of microbicides that are common to toiletries include iodopropynyl butylcarba-
mate, methylparaben, propylparaben phenoxyethanol, benzyl alcohol, and etha-
nol. Often times chelating agents and anti-oxidants are added to prevent oxidation
and color change of the product or to enhance the effectiveness of the microbi-
cides. These materials are highly effective at low levels in cleansing products.
The phenoxyethanol is usually 1 w/w% or lower and ethanol is usually more than
10 w/w%. The other preservatives are usually no more than 0.2 w/w%. It is al-
ways desirable to use the minimum effective level of these ingredients since some
consumers may react to the preservatives (hypersensitivity).

Fragrances are an essential component to most cleansing products. The ob-
vious benefit of a fragrance is to impart a pleasant odor to the product so that dur-
ing use it creates a positive emotional experience. Fragrances can be designed to
be retentive to the skin, which will maintain the pleasant odor character for an ex-
tended period of time. Even though fragrances do not usually have a physical or
chemical effect on the moisturizing cleanser, they can be the single most impor-
tant point of differentiation for the product. The formulator carefully selects the
fragrance based on several factors:

The inherent odor of the formulation
The product concept and emotional message
Consumer satisfaction and approval of the product’s aroma (in the package

and during use)

Oftentimes the fragrance will determine whether the product is a market success
or failure, regardless of other formula benefits.
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2.1.4 Viscosity Modifiers

A broad definition for the viscosity modifiers would be a single ingredient (or
group of ingredients) that will increase or decrease the apparent viscosity when
added to a liquid cleanser. Since these cleansers are complex mixtures of surfac-
tants, electrolytes, and conditioning or moisturizing ingredients, the effects of
viscosity modifiers are highly unpredictable. These materials almost always have
significant interaction with the available water in the formulation. They often
have the ability to increase or reduce the water solubility of the other ingredients
in the composition. If the viscosity modifier increases the water solubility (hy-
drotrope) of other formula ingredients, frequently the viscosity will decrease. If
the modifier decreases the water solubility of materials in the composition, the
viscosity of the formula increases. If the modifying material has impact on 
the surfactant dynamics (structure), it also will affect the apparent viscosity of the
product. As a generality, if more organization occurs in the detergent network,
then characteristically the viscosity will increase; and if the network is disrupted,
the viscosity decreases.

Polyols are well known for their hydrotropic actions in detergent mixtures
and are one of the most effective materials for reducing the viscosity of liquid
cleansers. Short chain alcohols, e.g., methanol, ethanol, propanol, etc., will also
act as a hydrotrope and effectively decrease viscosity. Electrolytes that are poly-
valent often will reduce viscosity since they can disrupt the dynamics of the sur-
factant network. From the formulator’s perspective reducing the viscosity is not
difficult and usually is a minor modification to the composition.

Thickening liquid cleansers is more challenging than reducing the product
viscosity. The simple approach is to modify the electrical properties of surfactant
network by adding NaCl to the formula. The formulator can construct a curve of
added salt versus apparent viscosity of the formula. Typically, by adding a small
percentage of NaCl to the composition, the viscosity will increase. The elec-
trolyte influences the surfactant network by encouraging the multilamellar units
to build upon themselves [7] and have less interaction with external ingredients.
The NaCl may also reduce the water solubility of other ingredients in the compo-
sition and, as explained previously, lead to higher viscosity in the formulation.
Since NaCl is easily added to the liquid cleansers and is very economical, it typi-
cally is the formulator’s first choice for increasing the product viscosity.

The next major class of viscosity-building agents is the polymers. Acrylates
and cellulosics are the most common polymers used to increase viscosity. The
acrylates require a basic pH for maximum efficiency and impact on the product
viscosity. The acrylates are somewhat sensitive to the inherent electrolyte in the
formula. This may prevent the polymer chain from unfolding, and subsequently
the polymer does not create its typical network. This phenomenon precludes any
significant increase in viscosity. The combination acrylates are less sensitive to
the electrolyte contaminants. These copolymers, such as acrylates/steareth-20 ita-
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conate copolymer, tend to increase viscosity regardless of the electrolyte present.
The cellulosics are equally efficient as the acrylate copolymers. Cellulosics such
as methylcellulose, hydroxyethylcellulose, and hyrdoxypropyl methylcellulose,
are not excessively sensitive to electrolyte after hydration and usually will build
the product viscosity. The advantage of the cellulosics is that they are neutral
(have no charge) and therefore are more compatible with multiple classes of sur-
factants and conditioners. The cationic polymers may add to the product viscosi-
ty, but this is a secondary benefit to their conditioning properties.

The alkanolamides are one of the most common classes of viscosity build-
ing agents. They are easily incorporated into liquid cleansing compositions and
enhance the lather properties of the composition. They synergistically build the
product viscosity with small amounts of electrolyte. The alkanolamides, which
includes the monoethanolamides and diethanolamides, are insoluble in water but
dispersible. This property allows them to build within the surfactant network,
which leads to higher viscosity. This alkanolamide–surfactant network increases
the compatibility with the air interface, which leads to more stable and denser
foams or lather. Although the alkanolamides are highly effective, there are some
concerns associated with their purity and the free amine present in the material.
Free diethanolamine is considered to be a precursor to nitrosoamines, which are
known carcinogens. Industry has responded to this concern by manufacturing su-
peramides, which have less than 1% free amine. This has not eliminated all con-
cern and the issue remains unsettled. The monoethanolamides are of less concern
since the free monoethanolamine does not form the precursor that is required to
generate the nitrosoamines. In spite of the apprehension associated with alka-
nolamides, their use has not declined in liquid cleansing products.

Another type of thickener that acts as the alkanolamides do is the high mo-
lecular weight, ethoxylated fatty acid esters. Several examples are the PEG-150
pentaerythrityl tetrastearate, PEG-120 methyl glucose dioleate, and PEG-18 glyc-
eryl oleate/cocoate. These large molecules are water dispersible, with some small
degree of solubility and contribute to the product viscosity by promoting the sur-
factant network structure.

There are numerous materials that may not be included in a classical dis-
cussion of thickeners but are used by formulators to increase product viscosity.
Many times these viscosity-building materials are formula specific, and their ef-
fects are due exclusively to their interaction with that formula. The one such
group of materials is the amine oxides. These ingredients significantly enhance
lather formation and density and often contribute to the product viscosity. There
are several concerns with using amine oxides in personal care products. Since
amine oxides have a propensity to form the nitrosoamines precursor, these mate-
rials must be extremely pure and be stabilized to prevent conversion to the ni-
trosoamines. The first commercial materials were known to have free amine con-
taminants, which caused human reactions. The materials no longer have these
high levels of impurities but the concerns associated with nitrosoamine formation
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TABLE 1 Moisturizing Cleanser 1

Part Ingredient

Percent
of active

(ww) Function

A Polyquaternium-10 0.20 Conditioning agent/moisturizer
Deionized water QS

B Glycerin 1.00
C Cocamidopropylbetaine 5.25 Secondary Surfactant

Sodium myreth sulfate 4.80 Primary Surfactant
Decyl glucoside 2.00
PEG-150 Pentaerythrityl

tetrastearate 0.30 Viscosity Building Agent
Sodium chloride QS

D Preservative QS
Fragrance QS
Citric acid QS

Procedure: Disperse the polyquaternium-10 into the water with adequate
mixing. Add Part B to A. Heat Part C to 50°C to dissolve the PEG-150 pen-
taerythrityl tetrastearate. Add Part AB to C. Cool to room temperature (35°C)
and add Part D. Bring to total weight.

still exist. It is unfortunate, since the amine oxides are amphoteric or cationic (pH
dependent) and condition as well as enhance product lather and viscosity.

2.1.5 Opacifying/Pearling Agents

The natural appearance of many liquid cleansing products is clear or slightly tur-
bid. When products are pearled or opaque, additional ingredients were added to
create this effect. These specific materials have very limited water solubility and
usually have a particle size greater than 15 µm. Materials that have these proper-
ties and are commonly used in personal care products for their opaque character-
istics include fatty alcohols (C16 to C18), glycol monostearates and distearates,
propylene glycol or glycerol monostearates, latex emulsions, and titanium diox-
ide. Some of these materials have a tendency to form large reflective crystals (es-
pecially the glycol diesters). The reflective properties impart a pearled appearance
to the product, or pearlescence. These ingredients normally have no functional
benefit in the formulation other than to embellish the product appearance. The use
percentage is usually 1–3% except for the latex emulsions and titanium dioxide,
which are used at less than 1%.

Example formulations of liquid moisturizing cleansers are shown in Tables
1 and 2.
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TABLE 2 Moisturizing Cleanser 2

Part Ingredient

Percent
of Active

(w/w) Function

A Quaternium-61 3.00 Conditioning agent moisturizer
B Deionized water QS
C Cocamidopropylbetaine 3.00 Secondary surfactant

Sodium laureth sulfate 8.00 Primary surfactant
Dioctyl sodium

sulfosuccinate 10.50 Secondary surfactant
Acetamide MEA 3.00 Conditioning agent/moisturizer
Glycerin 1.50
Di-isostearyl dimer

dilinoleate 1.00 Refatting agent/emollient
D Preservative QS

Citric acid QS
Fragrance QS

Procedure: Add Part A to B and mix until dissolved. Add Part C ingredients
individually to Part AB and mix. Add Part D to Part ABC and mix until uni-
form.

3 SOLUTION/SUSPENSION STRUCTURE

The liquid cleansing products can assume various physical forms, from a classi-
cal solution to a multiphase suspension. In this section the more common product
forms will be discussed, i.e., those represented in today’s market. Most commer-
cial liquid cleansers will not be limited to one type but take multiple physical
forms, e.g., liquid crystals within a suspension.

3.1 Suspensions

The common definition of a suspension is an insoluble particle dispersed in a uni-
form concentration throughout a continuous vehicle. Many of the moisturizing
liquid cleansing products are suspensions, since the lipid or silicone is insoluble
in the aqueous-based detergent vehicle. The typical approach is to formulate these
suspensions with rather large lipophilic particles so that they have less interaction
with the surfactant and subsequently less suppression of the lather. All suspen-
sions are formulated so that the insoluble particles remain dispersed throughout
the vehicle. Liquid cleansers are no exception. The vehicle separates the
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macrolipophilic particles from each other, and the inherent viscosity of the vehi-
cle prevents the settling or coalescence (fusing) of these particles. The shelf-life
of the composition is a primary concern for the formulator, since suspensions are
thermodynamically unstable. The intent is to have the product remain stable
throughout its life cycle. Most of the suspensions are unstable by design. The sus-
pension while in a concentrated state is stable. During use, the consumer applies
the product to their skin and then rinses. The dilution associated with rinsing
destabilizes the suspension and the moisturizing ingredient is delivered to the
skin (or hair). Suspensions allow the formulator to target and control the delivery
of the moisturizing ingredient. Although this is somewhat simplistic, it is a cost-
effective delivery system for liquid moisturizing products.

3.2 Solutions

Very few moisturizing liquid products would conform to the ideal definition of a
solution. The ideal solution is one in which there is no change in the properties of
the components, other than dilution, when they are mixed to form the solution [8].
The less complicated product forms would fall into this class. These are usually
simple mixtures of detergents with an ethoxylated refatting ingredient. The
ethoxylation allows the moisturizing ingredient to be solubilized in the aqueous
detergents. When the product is used for cleansing, a small amount of the refat-
ting ingredient will deposit on the skin and remain throughout the rinse (theoreti-
cally). Those formulators experienced in the art usually find this product form to
be inefficient for any significant delivery of a moisturizing or conditioning mate-
rial. A great majority of the refatting agent is lost during rinsing.

3.3 Coacervates/Colloids

Coacervates refers to the polymer-rich phase that occurs when dilute solutions
separate into a solvent phase practically free of polymer and a viscous liquid
phase that contains almost all of the polymer still with a significant amount of sol-
vent. How is this phenomenon relevant to moisturizing cleansers? Coacervation
is another method for delivery of conditioning ingredients to the skin during the
dynamics of cleansing and rinsing. When more than one polymer is in solution
and then incorporated into the detergent phase of the formulation coacervates can
form which build the product viscosity and temporarily stabilize the mixture [9].
When this mixture is applied to the skin during cleansing, the product is diluted.
As it undergoes infinite dilution during rinsing the coacervate structure is elimi-
nated allowing the polymer to readily deposit on the skin. Often during the mix-
ing of polymer phases coacervation is undetectable, except for a slight increase in
the formulation viscosity.
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Colloidal solutions are another common form for moisturizing liquid
cleansers. These are not true solutions and often exhibit a Faraday–Tyndall effect
[10]. This is the effect when a strong light beam passing through a colloidal solu-
tion causes the colloidal particles to scatter the light to form a cone, usually blue
in color. Although the mixture appears to be clear, it is a dispersion with particles
of size less than 5µm. Since many of the conditioning polymers are cationic and
have a limited, if any, compatibility with the anionic detergents, it is likely they
form colloidal solutions. The presence of colloidal solution can be confirmed by
testing for the Faraday–Tyndall effect. The colloidal solution upon dilution will
exhibit characteristics of a true solution. The cationic polymers will have a high-
er affinity for the skin than the anionic solution. The product then delivers its con-
ditioning effect during rinsing.

It is very difficult to determine which phenomenon is responsible for the
moisturizer/conditioner delivery but from the formulator’s perspective, it is not
necessary, since the consumer benefit is still realized.

3.4 Liquid Crystals

There are three types of liquid crystal phases relevant to detergents. They are one-
dimensional periodicity, which is lamellar; two-dimensional periodicity, hexago-
nal; and three-dimensional periodicity, cubic. These liquid crystal phases are im-
portant since they have very different rheological properties. The hexagonal
phase is the most viscous and is often preferred by the formulator [11]. The
hexagonal liquid crystal structure allows the suspension of noncompatible mate-
rials into the aqueous vehicle. The liquid crystalline structure is very stable until
the concentration of the surfactant is altered. The surfactant concentration is
changed when the product is used in the cleansing and rinsing process. When the
cleansing composition is applied, the suspending properties are lost and the non-
compatible polymer or lipophile is readily available for deposition on the skin.

The knowledge of liquid crystals and their stability has been extensively
applied to emulsion products for many years. The liquid crystal formation from
surfactants is now being applied in a similar manner to temporarily stabilize oils
that would be commonly used in emulsions. The delivery dynamics are different
but the end result is similar.

4 STRATEGIES FOR FORMULATING 
MOISTURIZING CLEANSERS

There are two approaches to enhancing skin condition. First is not to damage the
skin. The second is to deliver moisturizing agents that improve its condition.
These approaches are not mutually exclusive and can be used simultaneously.
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4.1 Reducing Skin Damage

Skin irritation can take many forms. This includes primary irritation (erythema
and edema), skin dryness and roughness, as well as sensory irritation. It is likely
that these phenomena are caused by different mechanisms—different interactions
between the skin and surfactants. Therefore it is important to develop formula-
tions that minimize the different interactions thereby reducing all forms of irri-
tation.

4.1.1 Primary Irritation

Prolonged and repeated surfactant exposure to the skin can produce erythema
(redness) and edema (swelling). The relative ability of the surfactants to cause
primary irritation has been well documented especially for anionic and cationic
surfactants. For anionic surfactants, primary irritation potential reaches its maxi-
mum for C12 surfactants [12]. Either reducing or increasing the alkyl chain
length reduces primary irritation. Other factors that can reduce irritation of the
surfactant molecule are

Increasing the degree of ethoxylation
Increasing the size of the hydrophilic headgroup
Reducing the charge density of the hydrophilic headgroup

4.1.2 Mechanisms Inducing Primary Irritation by 
Anionic Surfactants

The key step by which anionic surfactants start the irritation process is the inter-
action with the skin surface. The two main factors in this process are (1) the num-
ber of surfactant monomers available and (2) their ability to bind to the skin’s sur-
face. In examining the dose response of surfactants to swell the stratum corneum,
it is apparent that both parameters increase it until the critical micelle concentra-
tion (CMC) is reached [13,14]. Further increases in surfactant concentration do
not cause additional swelling. As the concentration of surfactant monomer also
ceases to increase at the CMC, it has been hypothesized that the surfactant
monomers are key contributors to irritation. This hypothesis is supported by the
alkyl ether sulfates. Increasing the degree of ethoxylation reduces both their
CMC and their primary irritation potential [14].

There are alternative models that account for many of all these effects. For
instance, the ability of surfactants to bind to the stratum corneum surface and to
cause the denaturation of the skin, are important steps.

4.1.3 Surfactant Binding to Skin Causes Primary Irritation
and Skin Dryness

Imokawa and his colleagues have proposed that surfactant binding to the stratum
corneum surface has an important effect on its potential to cause dryness and
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roughness [15]. It may also play an important role in primary irritation. They
modeled normal use of surfactant solutions by exposing the skin to a surfactant
solution for 10 min, once a day, for four consecutive days. A trained evaluator as-
sessed the extent of skin roughness. A rank order for the surfactants’ ability to in-
duce roughness in vivo was determined:

SLS > LAS > AOS > SLES-3EO > C12(EO)7

There were two in vitro parameters that correlated with this in vivo order:

The ability of the surfactants to bind to the stratum corneum
The ability of the surfactants to denature bovine serum albumin

Its is known that the first step of the denaturing interaction of surfactants with the
bovine serum albumin is ionic absorption onto the protein [16]. This initial denat-
uration appears to have two important effects. First, it is the basis of superhydra-
tion, the ability of surfactants to cause rapid swelling of the stratum corneum.
Wilhelm et al. demonstrated that even a short, 10-min exposure to a surfactant so-
lution will cause a significantly greater uptake of water than exposure to a buffer
solution [12]. Although this swelling is temporary and reverses when the solution
is removed, the stratum corneum does not go back to its original condition. The
small hydrophilic molecules in the stratum corneum, known as natural moisturiz-
ing factors, are probably leached out. Conversely, the damaging surfactants that
bind to the stratum corneum proteins probably remain in place to further damage
the skin. Wilhelm’s data also showed a correlation between the superhydration
caused by alkyl sulfates of different chain lengths and their primary irritation po-
tential. This observation is probably the basis of using the in vitro stratum
corneum and protein film swelling assays to predict irritation potential of anionic
surfactants and cleansers.

Further support for the binding models of irritation comes from the work of
Warren et al. [17]. They were able to show that increasing water hardness, espe-
cially in the rinse, increased soap binding and soap-induced skin irritation. This is
probably caused by the formation of insoluble calcium soaps, scum, on the skin’s
surface. Irritation caused by anionic surfactant based bars was less influenced by
water hardness. The calcium salts of these surfactants are more soluble than that of
soap.

This mechanism of irritation is probably more relevant for cationic surfac-
tants. Dodecyl trimethyl ammonium chloride (DTAC) does not swell the stratum
corneum or protein film, yet in occlusive patching it can be as irritating as SLS
[18,19].

4.1.4 Percutaneous Penetration of Surfactants Has Little
Effect on Irritation Potential

Ironically, the ability of surfactants to penetrate the stratum corneum barrier does
not appear to have much effect on their irritation potential. Sodium lauryl sulfate



600 Story and Simion

penetrates more slowly than its ethoxylated analog [SLES-3EO], which in turn
penetrates more slowly down its unsulfated analog laureth-3EO [C12–(EO)3]
[20,21]. The primary irritation potential is in the reverse order.

However it is known that SLS will significantly increase in the percuta-
neous penetration of other molecules such as water and hydrocortisone. This
probably relates to its ability to damage the stratum corneum [22].

4.1.5 Strategies for Enhancing Formulation Mildness

There are three approaches to enhance formulation mildness:

Use of mild surfactants
Use of interactive surfactants
Addition of polymers

Use of Mild Surfactants. The substitution of a harsh surfactant by a
milder one will reduce the overall irritation potential of the product. However,
mildness is not the only parameter that needs to be optimized; the ability to pro-
duce lather/foam is also critical for consumer acceptability. Unfortunately, many
mild surfactants do not lather as well as their harsher analogs.

Use of Interactive Surfactants. The irritation of harsh anionic surfactants
can be reduced by the addition of a secondary milder surfactant, even though the
level of the more irritating ingredient remains unchanged. This was demonstrated
by Rhein et al., who added increasing levels of SLES-7EO to a fixed concentra-
tion of SLS [23]. As a result, the primary irritation potential was reduced. There
are two explanations for this behavior. First, the formation of mixed micelles
(SLS + SLES-7EO). This mixture has a lower CMC than SLS alone, so the con-
centration of free SLS monomers available to induce irritation is reduced. A sec-
ond explanation is the competitive binding between the two molecules. Adding
additional SLES reduces the amount of SLS bound to the stratum corneum sur-
face and therefore the amount of irritation. There are insufficient data to deter-
mine which model is correct.

Similar interactions have been observed in vitro and in vivo using other sur-
factants. Each of the models are supported by different systems. Faucher and
Goddard showed that the nonionic surfactant (Tergitol 15-S-9) reduces SLS bind-
ing to hair by modifying its solution properties [24]. Adding increasing levels of
Tergitol to the SLS reduces the CMC, meaning that there is less SLS monomer
available for binding. As little Tergitol binds to hair, this argues that this is the so-
lution properties, rather than competitive binding that has the primary effect on
SLS binding.

Conversely Dominguez et al. showed that betaine and SLS compete for
binding sites on skin callus [25]. This competition is affected by the pH and the
alkyl chain length of the betaine. Such interactions can reduce irritation in vivo.
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A second paper by Dominguez et al. showed that mixtures of betaine and SLS
caused less ocular irritation than either surfactant alone [26]. However it is often
suggested that the interaction between SLS and betaine is a charge neutraliza-
tion, especially at pH 6 and below, where betaine will carry a positive charge.
This observation is similar to that of Rhein et al., who showed that amine oxides,
which carry a partial positive charge, can also reduce the irritation potential of
SLS [13].

Recently McFadden et al. demonstrated that the cationic surfactant dodecyl
trimethyl ammonium chloride (DTAC) can reduce SLS-induced irritation even
when it is added after the SLS application [27]. This suggests that the formation
of a “pseudononionic” complex via charge neutralization can reduce irritation po-
tential.

Addition of Cationic Polymers. Another example of charge neutralization
is the interaction of anionic surfactants with cationic polymers. Cationic poly-
mers are frequently used in body washes and hair shampoos as conditioning
agents and are readily deposited on keratinous surfaces. They have been demon-
strated to reduce irritation and dryness caused by anionic surfactants. Certainly, in
solution they will complex with anionic surfactants and may carry them to the
skin. However as they are in the form of pseudononionic complexes, the surfac-
tants will be relatively mild.

4.1.6 Deposition of Moisturizing Ingredients on the Skin

It has long been recognized that cleansing systems can be used to deliver useful
amounts of ingredients to the skin. These include antidandruff shampoos, anti-
bacterial agents from bar and liquid soaps, and silicone and hydrocarbon hair con-
ditioners from two-in-one shampoos. There is no reason why a skin conditioner
cannot be delivered to the skin in an analogous way. One of the challenges of de-
livering a moisturizer to the skin from a cleanser is the detergency of the cleans-
ing base. Indeed, much of the conditioning agents will be rinsed away. Parkhani
showed that this was a function of the surfactant’s structure as well as its concen-
tration [28].

An approach to increasing retention of the moisturizing agent on the skin
during washing and rinsing is to increase the affinity between the two. For zinc
pyrithione, an antidandruff agent, this means reducing the pH to 5 so the mole-
cules bears a positive charge. This enables the pyrithione ion to bind to the nega-
tively charged sites on the skin and hair.

The linkage does not have to be direct. Story et al. showed that the cationic
polymer polyquaterium 6 can be used as a bridge between the anionic condition-
er sulfated castor oil and the skin [29]. This significantly increases the condition-
er’s substantivity.
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5 ASSESSMENT OF MOISTURIZING POTENTIAL 
OF CLEANSERS

5.1 Consumer Testing

Moisturizing cleansers are consumer personal care products, and ultimately their
benefits should be recognizable to consumers. If they do not deliver against their
promise, that is, to leave the skin feeling and looking moisturized, or at least less
dry, they will not be successful in the marketplace. Therefore it is important to as-
sess whether potential consumers recognize the product’s benefits in normal use
conditions. Such data from a properly designed test can be used for claims sup-
port as well as to assure the scientists developing the product that it successfully
delivers the benefits promised. The review of how to design and implement such
consumer studies is beyond the scope of this chapter.

5.2 Clinical Testing Overview

Previously, most evaluations of cleanser effects have been to assess primary irri-
tation or drying potential. Such studies start with the skin in good condition, and
the extent by which parameters such as erythema and dryness worsen is evaluat-
ed. However, moisturization potential carries the implication that it is improving
skin condition. Therefore a different experimental design is required. Such stud-
ies should incorporate aspects of moisturizer efficacy testing especially with re-
gard to (1) starting with dry skin, to enable improvement to be observed and (2)
the use of moisturizer end points such as assessments of skin dryness and skin hy-
dration, together with (3) an application method that reflects how cleansing prod-
ucts are used.

Ideally the application method should not greatly affect, especially de-
crease, the degree of dry skin. Thus the method initially described by Lukakovic
et al. in 1988 is probably more appropriate than methods that involve rubbing for
longer periods, e.g., the flex wash or the volar forearm wash test [30]. For the lat-
ter studies, the prolonged rubbing has the potential to remove skin flakes, and as
a result the methods will lose sensitivity [31,32].

5.2.1 Experimental Design

In order to demonstrate that the cleanser delivers a benefit to the skin, the skin
must start out in poor condition. As with moisturizer efficacy studies, the skin
should be dry at baseline (dryness score of 2 or more on a 0–4 scale). The test
should be run on a body site that readily shows skin dryness. This includes the
lower legs or the dorsal aspect of the forearms. The lower leg, in particular, has
sufficient area to enable multiple products (and a no-product control) to be tested
simultaneously. Using a within-subject design enables potentially large person-



603Moisturizing Cleansers

to-person variations to be eliminated. There are three main ways to produce dry
skin:

Cold weather frequently, occurring during the winter, can often produce
dryness.

As people age they exhibit more dry skin, especially at the extremities.
Washing the test area with a drying cleanser will induce dryness.

Combining the first and second methods is probably the best approach. Relying 
on the weather alone can be risky, as a few warm humid days will significantly re-
duce the level of dryness observed. Giving the panelists a drying soap bar for reg-
ular cleansing has two great disadvantages. First, the soap bar may interfere with
the effects of the moisturizing cleanser. Then, consumers usually do not use two
cleansing products on the same body sites. Second, Ertel et al. suggested that arti-
ficially drying out the skin with a cleanser reduces subsequent responses compared
with naturally dry skin [33]. The basis of this is unclear, but it contrasts with the
increased irritation response observed when subclinically or mildly irritated skin 
is re-exposed to an irritant. There are several hypotheses for the different behavior
of dry skin, but all reflect that we have studied dryness much less than irritation.

5.2.2 Measuring the Clinical Effects of Products on the Skin

Based on the approaches used to assess moisturizer efficacy, the two main param-
eters to assess the moisturizing potential of cleansing products are skin dryness
and skin hydration. It is always advisable to use multiple methods for assessing
efficacy, as each individual method has potential shortcomings. The use of a bas-
ket of methods will yield a fuller assessment of skin condition.

Skin Dryness. Traditionally skin dryness has been evaluated by a trained
observer using an ordinal scale. However, this approach has two major problems.
It is very dependent on the evaluator, and great care must be taken to ensure re-
producibility between evaluators, studies, and different testing laboratories. For
this, a standardized photographic scale is very helpful. Second, there are many
factors that can reduce the appearance of dryness without there being any benefit
to the skin. These include short-term humidity and occlusive lotions that matte
the dry skin flakes down without removing them. These problems can be over-
come by using a sticky tape to sample the skin’s surface, e.g., DeSquame® tape
(CuDerm Inc., Dallas, TX). The tape is pressed onto the skin’s surface and then
removed. The greater the scaling, the more skin flakes are removed by the tape.
These can be quantified by using an analog scale or by image analysis. The tape
will remove the flakes even if they are matted down or obscured by warm, humid
weather. This was demonstrated in a single-wash study (see Fig. 1). After a base-
line assessment, dry skin on the dorsal forearm was washed once by the method
of Lukakovic et at. [30]. The skin condition was reassessed three hours later. Re-
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FIGURE 1 The effect of liquid cleansers on (A) observable dryness, (B) skin
conductance, and (C) desquamation 3 hr after a single wash wash. The
method used was that of Lukacovic et al. [31]. 

A

B
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sults show that Product L reduces observable dryness more than product D or no
product. However the DeSquame tape indicates that flakes are still present, just
masked. This conclusion is supported by the conductance readings, which had not
increased.

Conductance and Capacitance. Conductance and/or capacitance are fre-
quently used to measure skin hydration. This approach has been supported empir-
ically by Morrison and Scala, who showed a strong correlation between observ-
able dryness and reduction in skin conductance (measured by a Skicon 200) and
capacitance (measured by a dermal phase meter) [34]. There are two reasons that
explain how skin conductance may measure dryness. First, as the skin becomes
drier, the concentration of water in the stratum corneum is reduced. Since water is
a good conductor compared with the more hydrophobic stratum corneum, a re-
duction in water activity will reduce conductance. Another possible mechanism
by which dryness reduces conductance is that as scales develop, air pockets are
formed in the damaged stratum corneum. Since air is a poor conductor, this scal-
ing also results in reduced conductance. Clearly these two mechanisms are not
mutually exclusive and may occur simultaneously.

It should be stressed that residues left on the skin’s surface may modify
conductance in the absence of dryness. For instance, petrolatum, silicones, and
mineral oil are good insulators and can reduce conductance even as they moistur-
ize the skin. Conductance data should be evaluated based on the product’s com-
position and with an understanding of which ingredients may remain on the skin
after rinsing.

Stained DeSquames. Staining skin flakes on the DeSquame tape with hy-
drophilic dyes can give a measure of the integrity or degree of damage. From irri-
tation testing, Pierard and his colleagues demonstrated that even mild insults will
damage the stratum corneum surface and cause an increase in dye uptake [35].
This is readily quantified using a color meter such as a Minolta Chromameter.
Damage that is not readily observable to the naked eye can be detected by this
method. This approach has been extended to moisturizer efficacy testing. Simion
has shown that glycerin-based moisturizers are good at removing dry damaged
skin from the surface, revealing undamaged corneocytes below [36]. As yet, this
method has not been used to assess the efficacy of moisturizing cleansers.

5.3 Irritation Testing

Skin dryness and primary irritation are frequently separate phenomena and can be
induced by different mechanisms. It has been demonstrated that dryness from re-
peated hand washing can be induced in the absence of erythema [37]. However,
dryness is frequently produced as a sequala to primary irritation as the skin begins
to repair itself [38]. Therefore it is important to assess irritation potential of
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TABLE 3 Effect of Cleansers on Skin After a Single 24-hr Occlusive
Patch Soap Chamber Test

Erythemaa
Stratum corneum 
barrier damageb

Soap 1.67 10.35
Detergent bar 0.69 7.27
Liquid cleanser L 0.29 5.62
Liquid cleanser E 0.44 4.76

Notes: Method used is that of Simion et al. [39]. n = 26 responsive skin vol-
unteers.
aErythema scored on a 0–4 scale; baseline value of erythema = 0.
bStratum corneum barrier damage assessed by trans-epidermal water loss;
data shown are change from baseline in g water/m2/hr.

cleansers, especially to prevent a low-level irritation from causing dryness that
the product is supposed to reverse. Table 3 shows the irritation potential of bar
and liquid cleansers after 24 hr occlusive patching on the skin of responsive pan-
elists using the soap chamber test [39].

5.3.1 Methods for Assessing Primary Irritation

Closed (occlusive) patch testing is used to assess the dermal primary irritation po-
tential of chemicals including detergents and cleansing products. Frequently pan-
els of 50 volunteers from a general population are occlusively patched for 24 to
48 hr. This will give an overall assessment of irritation potential. There are two
ways to increase the method’s sensitivity—either patch for longer periods of time
or recruit a sensitive skin population. The former approach is the basis of the cu-
mulative irritation test. This is frequently used to assess very mild products. Oc-
clusive patching for 14 to 21 days will significantly weaken the stratum corneum
barrier and result in more irritation. Care must be taken to ensure that the correct
concentration of cleanser is used. Too high will produce overwhelming irritation;
if the concentration is too low, then nothing will be seen.

Frosch and Kligman developed the soap chamber test, which utilizes “sen-
sitive” skin panelists to increase the response [40]. Panelists are patched with 5 to
8% soap solutions for 24 hr, then for 6 hr on the next 4 days. Three days later both
erythema and skin dryness are assessed. This method is especially effective at dif-
ferentiating the irritation potential of different surfactants. Simion et al. were able
to shorten the patching duration to two consecutive days [39]. In this case, ery-
thema and trans-epidermal water loss are measured.

The responsiveness of the skin can be increased artificially. The chamber
scarification test relies on mechanical trauma to damage the barrier [41]. Frosch
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and Kligman showed that the responsiveness to hydrophilic material was greatly
increased. For instance, the threshold for SLS to produce irritation was reduced
fiftyfold.

6 SUMMARY

For centuries, soap has been the primary product used for personal cleansing. Al-
though it is an effective cleanser, it can also leave the skin dry and irritated. The
development of synthetic surfactants in the 20th century has enabled the formula-
tion of milder cleansers that do not damage the skin as much as soap. This results
in consumers experiencing less dryness and irritation. However, these cleansers
can go beyond reducing skin damage and deliver benefits to the skin. This can be
done from soap bars, e.g., through delivery of triclocarban from antibacterial
soap, but is more effective from liquid cleansers. Unlike a bar such as soap, which
is mainly detergents, or cocoyl isethionate, liquid cleansers have a much lower
surfactant load. Thus their ability to wash away beneficial ingredients is reduced.
However, they still are able to adequately cleanse most consumers that can afford
their higher price, as these individuals usually do not need all the cleansing po-
tential that a bar car deliver.

This chapter described the use of the different components required for a
liquid cleanser, whose formulation is more complex than that of a bar of soap.
Constituents include primary and secondary surfactants for cleansing and lather-
ing. A foam booster is frequently added as well. Thickeners, opacifiers, color, and
fragrance are needed to optimize the esthetic acceptability of the product to con-
sumers. Finally, preservatives are required to prevent microbial growth in the
aqueous base.

Beyond having a milder product, beneficial ingredients can be delivered to
the skin. These include antibacterial ingredients such as triclosan, triclocarban,
and antidandruff agents such as zinc pyrithione. Cationic polymeric skin condi-
tioners will bind to anionic sites on the skin and be retained after rinsing. These
polymers can leave the skin feeling softer and smoother. However, it must be
stressed that the vast proportion of any beneficial agent is rinsed away due to the
detergency of the surfactant system. To effectively deliver greater benefits, espe-
cially when using effective but expensive ingredients, requires new methods of
delivering the agents and preventing them from washing away during rinsing.
However, for the foreseeable future, this approach will remain less effective at
delivering beneficial agents than leave-on products such as lotions. For example,
an anti-aging cleanser may not dry and roughen the skin as much as soap, so the
fine lines associated with dryness are less evident. However, delivery of sun-
screens, retinol, or other materials that prevent damage boost the skin’s moisture
content or stimulate the skin’s self-repair mechanism is still done more effective-
ly with a lotion.
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There are two approaches to measuring the clinical effects of moisturizing
cleansers on the skin. The first is to ensure that the cleansing system causes mini-
mal damage to the skin, for which traditional irritation testing is used. Second is
to measure moisturizing efficacy, which requires a paradigm shift toward the
techniques used for assessing lotion efficacy. Irritation assessments such as closed
patch tests and exaggerated arm washes are used to assess a product’s ability to
increase irritation from a negligible starting point. In contrast, to measure the
product’s ability to deliver a benefit such as moisturization, the skin must start
with a deficiency, i.e., it must be dry. Then the methods used to assess leave-on
moisturizers, such as conductance and DeSquame tape, can be used to assess the
moisturizing cleanser.
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Safety Assessment of Cosmetic Products

Christopher Flower
The Cosmetic, Toiletry, and Perfumery Association, 
London, United Kingdom

1 INTRODUCTION

It is clearly not possible in a short chapter such as this to cover in detail safety as-
sessment programs to comply with the legislative environment surrounding cos-
metic products in each of the major markets of the world. Neither is it possible to
provide in-depth instruction on toxicological testing methods and interpretation
of data. Such a program would, and indeed should, become outdated as scientific
methods evolve. In fact, during the writing of this chapter, the Organisation for
Economic Co-operation and Development (OECD) agreed to delete the LD50 test
from its list of official protocols [1]. The shortcomings of this test have been
known to toxicologists for a long time, but getting agreement for it to be delisted
has also taken a long time. Instead, therefore, the intention of this chapter will be
to provide something of the philosophy of cosmetic product safety to guide rather
than train from scratch the safety assessor and to help colleagues understand the
needs of the safety assessor.

Although the European Community Cosmetics Directive (76/768/EEC) is
seen as a model for legislation by an increasing number of countries in the world,
significant markets operate under quite different regimes. The nonalignment of
different definitions of what constitutes a cosmetic complicates the situation,
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with some borderline products being regulated quite differently in different mar-
kets around the world depending on their final classification in each country.
Underlying each regime, though, is the basic demand that cosmetic products,
however defined, should be safe for their intended purpose and not cause harm
to the consumer. The regimes run from those which, like the United States, re-
strict very few ingredients to those, like Japan until recently, where only per-
mitted ingredients may be used in cosmetic products. The EU regime is some-
what midway between the two. There are lists of prohibited and restricted
substances and several positive lists too. Any other substance may be used as an
ingredient subject to an overriding safety requirement. It is this basic safety re-
quirement and how a cosmetic is assessed for compliance that is the subject of
this chapter.

The successful cosmetic product will be used by large numbers of people,
repeatedly and for a considerable time. Its mode of use will be governed partly by
custom or past experience and partly by the manufacturer’s instructions. Rarely
will use be under professional supervision although that may be the case some-
times. Yet experience shows this situation is satisfactory; by and large, cosmetic
products do not lead to personal injury or worse [2], and today they are amongst
the safest products in the major markets of the world to which general consumers
are exposed.

This has not always been the case. The historical use of substances such as
white lead, arsenic, and belladonna for cosmetic purposes is well documented and
even today some traditional cosmetics are still available which might not pass the
assessment process being described here.

That is not to say cosmetic products are not subject to controls or regula-
tions. On the contrary, in all member states of the European Union, cosmetic
products are closely regulated by their own specific directive, the Cosmetics Di-
rective [or, to give it its full title, Council Directive of 27 July 1976 on the ap-
proximation of the laws of the Member States relating to cosmetic products
(76/768/EEC)]. The Cosmetics Directive is a safety directive. This is made clear
in the recitals where it is stated, “Whereas the main objective of these laws is the
safeguarding of public health.” To this end, the Cosmetics Directive first defines
what is a cosmetic product (Article 1) and then immediately requires of them that
they should be safe (Article 2). Both the degree of safety required and the cir-
cumstances to be considered are indicated in this article. Furthermore, the direc-
tive requires that each cosmetic product should be subject to a safety assessment
to ensure compliance with Article 2.

Thus, cosmetic products are defined in European Community law, and each
cosmetic has to undergo a safety assessment prior to marketing to ensure compli-
ance with the safety requirement. Guidelines have been written elsewhere to help
in this regard [3,4].
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2 THE SAFETY REQUIREMENT

Article 2 of the Cosmetics Directive states, “A cosmetic product put on the mar-
ket within the Community must not cause damage to human health when applied
under normal or reasonably foreseeable conditions of use, taking account, in par-
ticular, of the product’s presentation, its labelling, any instructions for use and
disposal as well as any other indication or information provided by the manufac-
turer or his authorised agent or by any person responsible for placing the product
on the Community market. The provision of such warnings shall not, in any
event, exempt any person from compliance with the other requirements laid down
in this Directive.’’

The wording of Article 2 is very important. It requires that a cosmetic prod-
uct must not cause damage to human health, but does not require that a cosmetic
must not provoke any adverse reaction. Thus, absolute safety is not required—in-
deed could not be achieved—but a degree of safety is required, and the appropri-
ate degree is defined as a freedom from damage to human health.

Compliance with the safety requirement is a matter of professional judge-
ment and will be considered in greater depth later, but it will involve the evalua-
tion of factors such as severity of possible adverse reactions, their duration and
reversibility, and their prevalence or likelihood in the normal population. Reac-
tions judged to be mild, readily reversible, or rare tend to support the safety of a
product, whereas responses judged to be severe, long-lasting, or common would
not.

Article 2 also requires that the product be “safe” under normal or reason-
ably foreseeable conditions of use. There is no requirement for a product to be
safe under all circumstances; misuse and deliberate abuse, therefore, need not be
considered. However, particular care needs to be given as to what is reasonably
foreseeable and to the value warning labels might have.

For example, a shampoo might cause some discomfort should it get into the
eyes. A warning advising against allowing that to happen and what action to take
in the event is quite reasonable. However, because shampoo getting in to the eyes
in normal use is reasonably foreseeable, any adverse reactions that occur should
not be so severe as to constitute damage to human health.

Finally, the safety requirement is not qualified but is absolute. In other
words, it is not possible to weigh the risks against the benefits, as one may do with
a pharmaceutical for example. No matter what benefits may be provided by a cos-
metic, the cosmetic product must not cause damage to human health. This is,
therefore, a very stringent requirement.

Compliance with the safety requirement of Article 2 is through the conduct
of an “assessment of the safety of human health of the finished product. To that
end the manufacturer shall take into consideration the general toxicological pro-
file of the ingredient, its chemical structure and its level of exposure” [Article
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7a(d)]. Although the foregoing relates specifically to the situation in the member
states of the European Community, the principles expounded will also apply to
safety assessments conducted under other regulatory regimes.

The process of safety assessment is a multistep one which comprises a
number of stages:

Hazard identification. This step essentially collects all the adverse data
pertaining to the product and its constituent ingredients to identify the
hazards.

Risk characterisation. This step compares the hazard data with the antic-
ipated exposure conditions to determine which hazards could constitute
risks to human health. In essence, this step identifies the relevant hazards
for further consideration.

Risk evaluation. This step is a further refinement of risk characterisation
in which the potential risks are quantified and gauged against known
risks. This step requires detailed information regarding actual exposure.

Safety assessment. In the final step, the safety assessor must judge
whether the potential risks are deemed acceptable and therefore whether
the product is safe to market.

Before going through each of these steps in detail, it is appropriate to consider
practical aspects of importance to the safety assessment process. This is informa-
tion that is essential if the safety assessor is to be in a position to perform an ade-
quate assessment.

2.1 Assess the Right Product

Companies often have complex development programs and many alternative for-
mulations may be under simultaneous evaluation prior to deciding which candi-
date is to be selected for the market. Product brand or variant names may change
during the course of development and a means of tracking these changes must be
in place. If each formula is assigned a unique reference number, then a clear and
unambiguous link can be established between the marketed product and its safety
assessment regardless of other changes to its name.

Then, if each adjustment to a formula, no matter how slight, generates a
new unique formula reference number, a new review or safety assessment is au-
tomatically triggered. Without this trigger, there is a risk that formulae may be re-
peatedly modified until the original assessment becomes remote from the market-
ed product. It is not acceptable that a product formula should be changed without
reference to the safety assessor. Manufacturers should be aware that the safety as-
sessor cannot be held responsible for the safety of a formula changed without his
or her knowledge, and manufacturers should be aware that it is they and not the
safety assessor who runs the risk of prosecution under the Cosmetic Directive.
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2.2 Know the Formula

The complete formula must be available to the safety assessor, including the
chemical name, INCI name, and any in-house name by which each ingredient is
known.

Since most cosmetic ingredients are available in various grades or qualities,
the specification for each as actually used must be available. Some raw materials
are presented as mixtures, sometimes with additives to enhance stability or for
preservation. The specifications for these ingredients should show such additives.

Where necessary, the safety assessor may determine which grades are to be
used by defining appropriate quality criteria. The manufacturer should ensure
substitution is not possible without the approval of the safety assessor. Product
made from ingredients that do not comply with a defined quality would not nec-
essarily be covered by the safety assessment.

2.3 Exact Level of Ingredients

The final level of each specific ingredient must be known when they are added
from different sources. Some ingredients will be added in variable amounts, q.s.,
or quantum satis; pH and viscosity adjusters are typical. The likely ranges and
maximum limits for these must be specified. Some ingredients may react during
manufacture and reaction products must be identified; others are added as pre-
mixes and their constituents must be known.

Safety assessors must be given details of the method of manufacture and a
description and the specification of the final product. They must also understand
what changes take place during manufacture to know to what the consumer will
be exposed when using the product.

2.4 Product Stability

The product must be stable and an assurance of this is required by the safety as-
sessor; written assurance of stability or actual reports of stability tests should be
provided. In addition, the safety assessor may wish to see analytical data on a typ-
ical product, particularly regarding levels of “active” ingredients or undesirable
degradation products or contamination substances both before, during, and after
storage testing. It is important to take account of storage conditions likely in use
and consider whether that may affect product stability and safety.

2.5 Microbiological Quality

The finished product must have an acceptable microbiological specification. The
safety assessor needs to know this and must be sure that the product meets its
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specification. Again, reports of microbiological testing or written assurance of
microbiological quality may be required by the safety assessor.

Stability testing and microbiology are specialist fields in their own right.
Although large companies will probably have expertise in house, smaller con-
cerns may have to employ contractors. In either case, the safety assessor needs to
be satisfied that the product is microbiologically and chemically stable through-
out the anticipated shelf-life of the product, bearing in mind normal storage con-
ditions in the anticipated market. Consideration must be given to the capacity of
the preservative system to cope with normal contamination once the product has
been opened and in use.

2.6 Packaging, Instructions, and Labeling

Safety assessors should see the proposed packaging to consider what impact that
might have on safety. For example, child-resistant closures may be appropriate in
some cases or the maximum pack size might need to be limited in other situa-
tions. They should also see instructions for use and any warning labels to be in-
cluded, and must be able to influence these where safety is affected. In particular,
compliance with any mandatory warnings needs to be checked, a task that may be
handled by the safety assessor.

A copy of the INCI ingredient declaration should be supplied and linked to
the formula as a check to ensure no ingredients are omitted.

2.7 Efficacy

Although efficacy and claims support are not generally the province of the safety
assessor, in certain circumstances (suncare products are good examples) efficacy
does become a safety issue. Copies of efficacy study reports should be available
to the safety assessor where there may be a safety aspect, but the safety assessor
is not required to determine efficacy per se nor to endorse product claims.

If human trials have been carried out, any adverse effects must be reported
to the safety assessor as this constitutes relevant information. Copies of trial re-
ports must be made available.

2.8 Adverse Effects Reports

The safety assessor must have access to reports of adverse effects notified to the
company on this or similar products; ideally, the number of such events should be
related to the number of product units sold. Such reports can be tabulated period-
ically to provide a continuous record, but a system of highlighting severe or par-
ticularly unusual events should be considered.
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2.9 Toxicity Data

The safety assessor must have access to toxicity and safety data on each of the in-
gredients, on the final product or similar products where available and should
have knowledge of possible ingredient interactions. These data would include
material safety data sheets from ingredient suppliers and letters of safety assur-
ance from fragrance suppliers confirming the fragrance conforms to the code of
practice of the fragrance industry [5] as well as conventional toxicological data,
in vitro as well as in vivo, and human volunteer studies. In addition, authoritative
sources, such as the Cosmetic Ingredient Review in the United States, should be
consulted [6].

2.10 Exposure Estimation

Before commencing a safety assessment proper, it is essential to know the cate-
gory of cosmetic product that is to be assessed and how, in general terms, it is to
be used: e.g., whether it is for hair care or skin care, whether it is to be left in situ
or rinsed off, whether ingestion or inhalation are likely, whether it is diluted be-
fore or during use, and so on. Later, it will be necessary to refine this general un-
derstanding to gain an accurate exposure assessment and to consider also how the
product may be misused, perhaps accidentally, and whether there is potential for
deliberate abuse.

Specifically, therefore, the following information is required:

Type of cosmetic product
Intended mode of use
Quantity used each time
Frequency of application
Duration of contact
Site of contact
Area of contact
Unintentional contact
Nature of consumers and numbers
Other factors (e.g., exposure to sunlight, potential for abuse, interaction

with other products)

2.11 Hazard Identification

The first step in the safety assessment of cosmetics, as with any other consumer
product, has to be that of hazard identification. First and foremost, you have to
know what hazards might be associated with each of the ingredients in the prod-
uct, and not just the ingredients but also any contaminants and possible degrada-
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tion products. Later, the safety assessor must also consider possible reaction prod-
ucts and ingredient interactions, either with one another or with the packaging.

Hazard identification is primarily achieved through conventional toxicolog-
ical testing both in vivo and, to an increasing extent, in vitro. Much data will be
obtained from the literature and from toxicology databases as well as from ingre-
dient suppliers. The quality of the data needs to be considered, not just the appar-
ent quantity [7]; it is the interpretation of the significance of the data in terms of
its applicability to the use of the ingredient in a cosmetic product that is the pri-
mary role of the toxicologist/safety assessor. For this reason, original reports and
publications should be consulted whenever possible rather than relying solely on
reported data. Particular attention should be given to the actual substance tested
and its description to gauge whether the data are relevant to the ingredient in
question.

Toxicity tests are frequently defined in terms of their endpoints and, for
convenience, that is how they are considered here. Thus, for each ingredient, one
needs to consider

Acute toxicity
Irritancy to skin, eyes, and mucous membranes
Sensitization and photosensitization
Subchronic or repeated exposure toxicity
Mutagenicity and genotoxicity
Long-term toxicity and carcinogenicity
Photomutagenicity, photogenotoxicity, and photocarcinogenicity
Toxicokinetics (absorption, distribution, metabolism, and excretion)
Human data

2.11.1 Acute Toxicity

Some estimate of the acute toxicity of a substance to be used as an ingredient in a
cosmetic product must be available. This does not automatically mean an LD50

test, although historically the LD50 was often used for such a purpose. What is re-
quired is evidence that the ingredient will not be acutely toxic at a relevant expo-
sure level and by an appropriate route of exposure. With the imminent deletion of
the LD50 test from the OECD guidelines, more information and less severe stud-
ies should become the norm in the absence of in vitro alternatives.

Normally, pre-existing data are often limited to gavage studies in rodents
up to a dose limit (typically 2 g/kg or a dose volume of 10 mL/kg). Oral dosing
may be appropriate for an ingredient likely to be ingested, but such studies re-
quire careful interpretation before extrapolating the results to dermal exposure
scenarios. Consideration must be given to the effects of dermal absorption [8,9],
metabolism by the skin, and to differences in body compartment distribution re-
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sulting from dermal exposure, as opposed to absorption from the gastrointestinal
tract with its potential for first-pass hepatic metabolism and other differences
likely in distribution and excretion. The all-important target tissue concentration
of the active toxic principle may be very different depending on the route of ex-
posure.

2.11.2 Local Tolerance—Skin, Eye, and Mucous 
Membrane Irritancy

Estimation of the irritancy of the substance to both skin and eyes may be appro-
priate depending on the type of end product use envisaged and the concentration
to be used. Without care, because of use of excessively high doses or concentra-
tions or the use of a sensitive or reactive model (such as the rabbit eye), data from
local tolerance studies may prove misleading by suggesting the existence of a
hazard which is unlikely to be encountered in practice. This, however, will be re-
considered in the next sections, those of risk characterization and risk evaluation,
when such hazards will be identified as unlikely or irrelevant risks.

Ingredients to be used in specialized cosmetic products, such as those for
oral care, intimate hygiene, or on infants, may require data on their mucous mem-
brane compatibility. Whilst conjunctival reactions seen from ocular test results
can be useful, they can only serve as a guide in the absence of clear benchmarks.

Again, frequently such local tolerance data are pre-existing, having been
generated on the basic substance as required under chemicals legislation. Prob-
lems arise when the data are only generated for high doses or high concentrations
and there has been no attempt to characterize the dose–response relationship.

2.11.3 Sensitization and Photosensitization

Sensitization and, increasingly, photosensitization data are required if the sensi-
tizing potential of a product is to be estimated. Various in vitro tests have been de-
veloped over the years to model aspects of the sensitization process, but they are
not yet able to replace in vivo studies completely at the present time. Neverthe-
less, there have been reductions in the severity of the in vivo procedures [10],
with the murine local lymph node test [11] now being accepted as a fully validat-
ed alternative to the more stressful guinea pig maximization methods.

One crucial factor for skin sensitization is that exposure be considered in
terms of dose of substance per unit area of skin, rather than as simple concentra-
tion in the vehicle. It is important to remember this when considering the final
product safety assessment. For example, a spray-on cologne based on a volatile
solvent such as alcohol contains a given concentration of any ingredient; as the
solvent evaporates from the skin, the concentration of ingredient in the remaining
product rises, but the dose of the ingredient per unit area of skin remains un-
changed.
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Photosensitization (and phototoxicity) data are becoming ever more impor-
tant when considering ingredients which will be used in products such as sun-
screens [12,13]. Evidence that a substance is capable of absorbing UV light
should be taken as a trigger for considering the need for phototoxicity and photo-
sensitization data.

2.11.4 Repeat Dose or Subchronic Toxicity

These studies provide valuable information on any toxic effects which occur fol-
lowing repeated exposure to a substance. Investigations normally involve post
mortem examination of all major organ systems as well as numerous in vivo in-
vestigations. As with acute studies, both the dose levels used and the routes of ex-
posure must be taken into account when extrapolating the findings to a cosmetic
product safety assessment.

Ideally, the results of a repeated exposure study would allow the identifica-
tion of doses which could be termed the no effect level (NEL), no adverse effect
level (NAEL), no observed effect level (NOEL), or no observed adverse effect
level (NOAEL). The differences in meaning of these terms needs to be under-
stood and their accurate use checked.

Strictly, since one cannot guarantee that all possible effects which might
have occurred in a study were actually detectable, any reference to effects should
be qualified as relating to observed effects only. The NOEL would be the highest
dose at which no effects due to treatment could be detected; such animals would,
to all intents and purposes, be identical to animals sham-treated with vehicle as
controls. Where effects were noticed, there is then a judgement as to whether the
effects were adverse or not. Thus, the NOAEL is the highest dose level at which
any changes observed are judged not to be adverse ones. The NOAEL may be the
same dose level as the NOEL, or may be higher.

In either case, these estimates of doses which appear not to cause harm are
used as markers when attempting to establish safety margins for human expo-
sures. Safety margins are introduced in toxicology to make allowance for uncer-
tainty; just because a given dose was without toxic effect in one study on one
species does not mean to say that same dose would always be equally benign. In-
dividuals within a species vary in many ways, including in their susceptibility to
a putative toxin. Similarly, whole species may differ from one another in suscep-
tibility. Because it is rare for the most susceptible and the most resistant members
within a species to differ by more than tenfold, a safety factor of 10 is applied to
take account of this. In the same way, the difference between the most and the
least susceptible species is rarely greater than tenfold, so an additional factor of
10 is applied here too.

Thus, if, by chance, a measure of toxicity had been established in a resis-
tance species the application of a 100-fold safety factor would take account of the
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most sensitive member of the most sensitive species (as man is assumed to be).
For example, if a dose of 100 mg/kg was “safe” in an animal study (i.e., produced
no observed adverse effects), applying a 100-fold safety factor means that 
1 mg/kg should be “safe” in man.

2.11.5 Mutagenicity and Genotoxcity

Mutagenicity is the capacity to induce mutation, which is a permanent change in
the amount or structure of the genetic material of an organism that may result in a
heritable change in the characteristics, or phenotype, of the organism. Mutations
may involve single genes, blocks of genes, or whole chromosomes, and the
processes include point mutations (changes to a single base or the addition or
deletion of a base), clastogenicity, or chromosome aberrations (gaps, breaks, or
translocations) as well as aneuploidy (changes in chromosome numbers).

Genotoxicity is the specific adverse effect upon the genome of living cells
that may be expressed as a mutagenic or carcinogenic effect. Interaction by a
chemical or its metabolites may be with the DNA directly or to the apparatus
which regulates the fidelity of the genome. Interference with the process of chro-
mosome segregation during meiotic or mitotic cell division can lead to aneu-
ploidy without there necessarily being mutation of the DNA itself.

In vitro tests exist to detect all three mutation endpoints, namely, gene mu-
tation, clastogenicity, and aneuploidy, but there is currently no single, validated
test that can provide information on them all. A range of tests will be required and
these may involve a variety of organisms, from bacteria and yeasts through cul-
tured mammalian cells to whole mammal studies. In general, testing strategy fol-
lows a hierarchical approach whereby absence of activity in an in vitro study is
taken as encouraging, but a positive effect is not proof of a potential human haz-
ard, only that further investigation is warranted. The underlying principle is to see
whether activity seen in vitro can be expressed in vivo. If it cannot, that is taken
as an indication that in vitro result may be given less emphasis.

Considerable expertise in conducting the tests themselves and in under-
standing the underlying mechanisms is essential if the results are to be interpret-
ed correctly.

2.11.6 Long-Term Toxicity and Carcinogenicity

Increasingly, questions are asked about the potential adverse effects of long-term
exposure to substances and whether those effects may include carcinogenicity.
Where pre-existing data are available, again the quality of those data and their rel-
evance to the proposed use of the substance must be taken into account. Howev-
er, the need for studies to generate such data should be carefully weighed against
the value of the information they could usefully provide. It is here that informa-
tion on the likely exposure to and fate of the substance is most valuable.
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Many examples exist of substances that are toxic or carcinogenic at very
high doses and for which clear thresholds can be demonstrated below which tox-
icity or carcinogenicity are not manifest, or which exert their toxicity through
mechanisms known not to be relevant for man. Nevertheless, since exposure to
cosmetic ingredients is generally of the long-term and low level kind, a consider-
ation needs to be given to the potential for subtle, long-term changes in fields
such as immunotoxicity and hormonal toxicology. Identification of thresholds is
likely to become more relevant.

2.11.7 Photomutagenicity, Photogenotoxicity, 
and Photocarcinogenicity

Information relating to these endpoints is needed when the proposed conditions
of use would include prolonged exposure to sunlight, as would be the case with
the UV filters present in sun protection cosmetics. Since the absorbed energy of
the filtered UV is not destroyed, some consideration is required as to how this en-
ergy is handled by the filter.

The absorbed energy could, theoretically, be re-emitted as visible light or
sound, but in practice it is more likely to be emitted as heat or as an energetic par-
ticle, such as a free radical. The skin protective benefit comes from the re-emis-
sion taking place near the external surfaces of the skin where the nearby tissues
which form the primary target (stratum corneum and upper epidermis) are subject
to constant renewal, so avoiding the accumulation of subcritical toxic insults
which could otherwise develop into overt toxicity. Without a sun protection prod-
uct, UV rays penetrate deeper into the skin and are able to interact directly with
viable cells.

2.11.8 Toxicokinetics

Toxicokinetics is the effect the body has on the substance and refers to the ab-
sorption, distribution, metabolism, and excretion of the substance in question.
Knowledge of the mathematics of toxicokinetics allows an estimate to be made of
the concentration and duration profile of the substance, or its metabolites, at the
tissue site of interest, and thereby a better assessment of the likelihood of a hazard
is gained.

For example, a substance which is either very poorly absorbed through the
skin or is extensively and rapidly metabolized there is most unlikely to have the
same effects following topical application as it would have after ingestion or fol-
lowing gavage dosing.

2.11.9 Human Data

Human data are extremely valuable to the safety assessor of cosmetic products
since they are obtained from the intended target species. Ethical considerations
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relating to the use of human volunteers must be evaluated carefully [14], but hu-
man data may come from a variety of sources:

Market experience. A history of safe use of the substance in similar prod-
ucts for a substantial period of time is a valuable benchmark against
which to judge the proposed product.

Human volunteer studies. A variety of studies in which volunteers are de-
liberately exposed to the substance in question or to a formulated prod-
uct again provides good background data. These may be in-use or pref-
erence trials of the market research kind, efficacy trials under clinical
conditions, or clinical tests to determine kinetic data [15,16].

Accidents and industrial exposures. The literature may record incidents in
which humans have been exposed to the substance and provide descrip-
tions of the consequences. The details surrounding such incidents are of
vital importance if their relevance to cosmetic use is to be assessed ac-
curately.

Epidemiology studies. Epidemiology studies require particular care in their
interpretation. By their very nature they are inherently subject to bias
and the influence of confounding variables. Although epidemiology
studies may indicate an association or link between two factors, by itself
such a link, even if statistically significant, is not necessarily of biologi-
cal significance and should not be taken as indicative of a causal rela-
tionship. Even if the results of one study are replicated in others, each
may have suffered from the same bias or failed to have controlled the
same confounding factors.

When reviewing epidemiology studies as part of a safety assessment pro-
gram, the original reports should certainly be evaluated by an expert in
this field if the risk of being misled is to be avoided.

In spite of this, epidemiology data have a very real part to play in the safety
assessment of cosmetic products both prospectively, when a review of
the consequences of past exposure aids future safety predictions, and
retrospectively, in establishing that past exposures have not led to dam-
age to human health. Since most human exposure to cosmetic ingredi-
ents outside the industrial setting is to low doses but for prolonged peri-
ods, epidemiological methods are likely to become ever more pertinent.

At this stage, data will have been accumulated on each of the ingredients
and, to some extent, on the finished product itself or on comparable products.
These data will be incomplete; that is inevitable. Even so, the safety assessor
must now consider whether there is enough data to proceed or whether vital in-
formation is missing and must be made available first.

Moving on at this time does not preclude a return to this point in the future
to obtain further data to clarify issues or questions as they arise. Figure 1 provides
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FIGURE 1 General safety assessment decision tree. The decision tree pro-
vides a structured approach to the safety assessment of an individual ingre-
dient. By starting with the accumulated data relating to that ingredient and
working through the tree one eventually reaches the end via the conclusion
that the ingredient is either safe or unsafe for use as proposed. The same
tree can also be used when making the final safety assessment of the pro-
posed cosmetic product. 



625Safety Assessment of Cosmetic Products

a decision tree applicable to evaluating individual substances and, by analogy,
completed products by guiding the safety assessor through the sequence of ques-
tions in a logical manner.

If vital information on potential hazards are not available, effort to uncover
them must be made. Previous literature searches could be extended and addition-
al suppliers questioned. Should vital data not exist, then no further progress on es-
tablishing the safety of a product is possible until those data are generated. The
viability of the project as a whole will need to be reassessed, taking account of the
time and cost involved in any proposed testing and the risk that the data generat-
ed will not actually support the safety of the product. The possibility of generat-
ing adverse data must be faced in a realistic manner.

In addition, if the data can only be obtained by animal testing, the client or
company policy on that issue must be fully understood and followed, as must the
legislation applicable in the territory concerned. This chapter is not the appropri-
ate place for a discussion of the question of animal testing [17,18]. Instead, if an
animal study is the only way of obtaining vital data which are not available by
any other means and if company policy (and legal issues) allow such studies, they
must be carried out to the highest scientific standards and with full regard to the
three Rs of reduction, refinement, and replacement. Guidelines on the testing of
substances specifically for use as cosmetic ingredients are available [19,20].

Reduction, of course, means using the fewest animals consistent with the
scientific objective being pursued, but an adequate number is still re-
quired. If too few are used such that a poor study is carried out, in effect
all those animals will have been wasted. Therefore, experimental design
and statistical interpretation are vital factors to be considered and should
be fully evaluated before any study is commissioned.

Refinement means that the procedure adopted should produce the least
stress, discomfort, or interference with the animals’ normal functioning,
physiology, and well being as possible, consistent with aims and purpose
of the study. Remember that a stressed animal will rarely respond nor-
mally and abnormal responses can compromise the integrity of the
study. In any study, good science must be the goal, for good science is
compatible with the three Rs; bad science is not.

Replacement can mean more than simply replacing an animal study with an
alternative not involving animals. By extension, it can also mean replac-
ing the particular ingredient with another for which testing is not re-
quired or it may mean replacing animal test data with analogy, interpre-
tation, or calculation to see whether the data are, in fact, needed.
Replacement presents an opportunity to recheck the need for an animal
study before it commences. However, the absence of animal test data has
been used to criticize the use of some ingredients and as an opportunity
to challenge industry in the past.
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2.12 Risk Characterization

This is the second main step of the safety assessment process and it is the one
where all the hazard data on each of the ingredients are given a review with the
aim of categorizing them in the light of information relating to likely exposure. In
essence, this is the first step in converting hazard identification into risk assess-
ment. At this stage the safety assessor needs to be familiar with the mode of use
of the cosmetic product.

Hazards that are only manifest under conditions quite unrelated to the an-
ticipated usage can be put to one side. For example, lung damage following in-
halation is a hazard that presents an unlikely risk if that ingredient cannot be in-
haled, such as when used in a skin lotion. Similarly, liver enzyme induction
following prolonged ingestion is a hazard that would be unlikely to present a risk
from most topical cosmetics. In each case, the rationale for categorizing each haz-
ard from each ingredient as an unlikely risk should be recorded.

Conversely, hazards that might related to actual usage conditions need to be
identified for priority consideration. For example, severe irritation or corrosivity
associated with an ingredient for a leave-on cosmetic needs to be noted, as does
inhalation toxicity with an ingredient of an aerosol. At this time, there should be
no attempt to quantify the risk; the purpose of risk characterization is to identify
for further assessment hazards that may pose risks.

There will be a number of ingredients which present hazards whose signif-
icance is not clear at this stage and need to be assigned to a third, intermediate
category for further consideration, for example, toxicity following ingestion of a
substance destined for use in an oral care product or lip product.

Risk characterization therefore results in a list of potential high risks where
an evaluation of the actual risk should begin, a list of moderate or unknown risks
that need to be evaluated next, and a third category or low of unlikely risks that
can be double-checked last. Taken together, they begin to build up a picture of
where any risks to human health may lie with the product and, inevitably, allow a
degree of assessment as to the final level of confidence in the product safety. This
then leads into the third step, risk evaluation.

2.13 Risk Evaluation

Although the distinction between risk characterization and risk evaluation is, in
some respects, artificial, nevertheless it does represent a shift of emphasis from
deciding whether the identified hazards present risks in general terms (and in
what priority should they be handled) to a more specific quantification of the in-
dividual risks as they apply to the product in question.

In this step, each high priority hazard is considered in the context of the use
of that substance in the product. The chance or likelihood that any particular haz-
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ard would manifest itself as harmful needs to be weighed in terms of likely sever-
ity of adverse effect and in the frequency or likely prevalence of adverse effect. In
turn, these will depend on exposure (concentration of the substance in the prod-
uct, quantity of product used at each application, and frequency of use) and num-
bers of people exposed.

It is at the risk evaluation stage that the safety assessor needs to know like-
ly consumer exposure, in terms of quantity of product used and concentration of
substance in the product. Also to be considered at this stage is whether the cos-
metic product is intended for any special category of consumers (e.g., products
for infants or products intended for people with sensitive skin) as this may affect
likely exposure patterns or possible susceptibility of the consumer to adverse re-
actions.

2.14 Safety Assessment

This is the final step in the process of determining whether a particular cosmetic
product is likely to be safe for release to the market. The final decision is rarely
easy and rarely straightforward.

Of course, there may be occasions when the product being assessed is but a
minor variation on a well-known product with a long history of safety in use. Ap-
proval is readily granted and the certainty factor is high.

Alternatively, the product under investigation may be judged to present
clear and unacceptable risks to human health and, again, a decision is readily tak-
en with a high certainty factor, but this time it is a decision not to market.

However, in the majority of cases, the decision will only be made after a
reappraisal of the data to hand and a reassessment of the risks involved. The ob-
jective is to reduce the uncertainty involved in making the decision and to in-
crease personal confidence. Remember, the underlying basis of the decision is a
positive approval saying the product is safe to market and it is that decision that
must be justifiable.

What then are the actual steps that need to be completed to justify the mar-
keting decision? First, the hazards from each ingredient will have been listed, the
relevant ones identified and those of little or no relevance placed to one side, with
a note of justification. Second, the likelihood of each hazard being manifest will
have been judged based on the human exposure, in turn based on the concentra-
tion of the ingredient, the quantity and frequency of use, the mode of use, and the
particular characteristics of the intended consumers and their numbers.

By this time, only those risks judged likely to be of relevance to the con-
sumer remain to be assessed. This judgment cannot be performed in isolation; it
must be gauged against established criteria, yardsticks, or benchmarks. The expe-
rienced safety assessor working within an established product field will have
ready access to such benchmarks from historical records which will justify the ac-
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ceptance of certain levels of risk. For example, the acceptability of a new sham-
poo can be judged quite accurately by comparison of its formula with that of es-
tablished products.

If no such benchmark is apparent, then other ways are needed to achieve a
resolution. For example, if an ingredient is found to contain variable amounts of
an impurity shown to be a genotoxic carcinogen and no substitute is available,
can that ingredient be used and, if so, what impurity limits should be set?

In such a circumstance, one would look to quantifying the risk over a life-
time of exposure and working back from a value deemed acceptable (the bench-
mark, in this case, is therefore the acceptable lifetime risk figure) to set a limit for
the level of that impurity in the final product. If the impurity level can be main-
tained below the limit, the product would have an acceptable safety assessment,
but if the impurity level exceeds the limit, the product must be rejected.

Such calculations are relatively common in the assessment of exposure to
toxic substances in an industrial setting or in assessing the consequences of expo-
sure to toxic substances present in the environment. Therefore, the safety assessor
of cosmetic products must have an awareness of toxicology in its broadest sense
if support is to be sought from related fields.

Having established that neither the ingredients nor their impurities consti-
tute an unacceptable risk to human health in the proposed product, there needs to
be a final re-evaluation of the finished product. The safety assessor needs to check
that the combination of impurities from different sources does not become exces-
sive or that exposure to two or more substances in combination might not com-
promise safety. Finally, there should be a simple logic check in which the safety
assessor reflects upon the decision made and the level of confidence. Are there
doubts? Can they be expressed and dealt with? Is the labeling adequate or exces-
sive? Only when all these voices have been answered can the safety assessor say
the assessment stage has been completed.

Having decided that the proposed cosmetic is safe for marketing to the pub-
lic, the safety assessor must communicate this information to colleagues and must
also ensure any caveats are understood. The simplest way is to issue a signed doc-
ument stating exactly which formula has been assessed, when, and by whom; the
outcome of that assessment; and most importantly any restrictions that are to be
applied.

For example, the safety assessor may approve the product only if the level
of a certain impurity is controlled either in one of the raw materials or in the fin-
ished product itself, or only if a specific warning phrase is present on the pack (in
addition to any mandatory warnings), or only if the pack has a child-resistant clo-
sure, etc.

The safety assessor may, if necessary, issue a provisional approval for lim-
ited release to the market, with full approval only being granted following an
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evaluation of the feedback from the market. Postmarketing surveillance is dis-
cussed later.

An outline of a suitable document is provided as Fig. 2. The safety assessor
should include a copy of such a document with a full report of the safety assess-
ment. Whilst the report need not include copies of all scientific papers and study
reports consulted, these should be referenced and stored in a library or archive.
The report should be a logical argument of the process by which the assessor
reached the conclusion that the cosmetic product was safe to market. In particular,
it should refer to the ingredients and their toxicological profile and to any interac-
tions or combined effects likely from the finished product.

3 POSTMARKETING SURVEILLANCE

The EU Cosmetics Directive requires a manufacturer to maintain a record of ad-
verse reactions to a cosmetic product. Such records, whether or not they are re-
quired by law, can provide essential data for the safety assessor. In essence, they
provide evidence indicating whether the decision to market was correct.

Adverse reactions are generally held to be those that

Involve an identified individual
Are directly related to a specific product
Are verified by an appropriate professional (doctor, dentist, nurse, etc.)

Unless all three conditions are met, it is not possible to be sure that an adverse re-
action actually occurred or that the cause was the product in question.

The background level of adverse reactions to cosmetic products is low, with
there being typically only one reaction for every several hundred thousand or
even million units sold. Should the frequency of adverse reactions rise, the safety
assessor should be informed of this fact and of the nature of those reactions. Such
figures could be indicative of a previously unsuspected problem arising or they
could mean nothing more than a chance cluster of events.

The rarity of adverse reactions to cosmetics is both testimony to the safety
of this class of consumer product and an indicator of the problem facing the safe-
ty assessor; even an unacceptable level of adverse events of, say, 1 in 10,000 is
still a very rare event. Animal studies, in vitro studies, and even human volunteer
studies are statistically quite incapable of detecting so low an incidence, much
less determining the difference between two similar products, unless exposure
conditions are exaggerated to the point of being provocative. That is the reason
any studies are carried out under exaggerated conditions, so that a comparison
can be made between the proposed product and a benchmark control. Postmar-
keting surveillance provides the evidence to justify the decision made to proceed
to market.
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FIGURE 2 Safety assessment statement of opinion. This general format may
be adapted to suit the specific regulations applicable in a territory. It provides
formal documentary evidence that a specific product and formula has been
assessed by a named person and is an unambiguous presentation of the
opinion of the safety assessor. 

STATEMENT OF OPINION

Statement number:
Version number:
Date of issue:
Supersedes statement number:

I, (name of safety assessor), am a (registered medical practitioner/registered
pharmacist/chartered biologist/chartered chemist) duly authorized according to The Cos-
metic Products (Safety) Regulations 1996, as amended, to conduct and take responsibility
for the safety assessment of cosmetic products. The following statement has been prepared
in accordance with those Regulations and, in particular, Regulation 3, 8(1)(d), 8(1)(e), 8(2)
and 8(3).

Product name (brand and variant):
Formula reference number:

Taking into consideration the general toxicological profile of each ingredient used, its
chemical structure and its level of exposure, the presentation of the product, its labeling
and instructions for use and disposal and any other information provided, it is my opinion
that the cosmetic product identified above is not liable to cause damage to human health
when it is applied under normal or reasonably foreseeable conditions of use.

This statement of opinion is valid only for the product that complies with the following
specific, additional requirements:

(List here those restrictions, if any, deemed to be applicable or state NONE.)

This statement is valid until (specify expiry date, if applicable.)

Signature of safety assessor: ______________________________

Date of signing: ______________________________

Name and qualifications:

Address:
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Although the frequency of true or verifiable adverse reactions to cosmetic
products is low, most manufacturers receive a number of customer complaints.
Those that allege adverse reactions, particularly if the allegations are of severe or
potentially long-lasting effects, need to be handled sympathetically by a special-
ist from within the company. Although many of these allegations may turn out to
be groundless, some may become verified as true reactions. In any event, the pat-
tern of complaints must be monitored and the data made available to the safety
assessor. How they are handled will also reflect the public image projected by the
company.

A higher level of customer complaints does not of itself indicate a safety is-
sue, but it could be indicative of poor consumer acceptance. This is clearly of im-
portance to the manufacturer. A transient rise in complaints frequently follows the
launch of a new product or relaunch of a previous one. However, if the increase
fails to fall back to the level expected from past experience, the nature of the com-
plaints should be investigated. Remedial action may be warranted.

4 CRISIS MANAGEMENT

In the worst circumstances, a sudden rise in the number or severity of complaints
could indicate a serious fault in a batch of product, with possible implications for
human health. Alternatively, a new hazard may become apparent and require re-
medial action. Manufacturers should have a plan prepared to manage such a cri-
sis, and the safety assessor should be part of the crisis management team. His
knowledge and expertise will be vital in helping to decide whether the problem
might even require product recall and stock uplift.

5 SUMMARY

This chapter has tried to show not only what is involved is the safety assessment
of cosmetic products and how to go about the process itself, but also to indicate
the central role a safety assessor can play in a cosmetic company. That role can
extend far beyond a simple “pass or fail” statement on the safety of a proposed
new product.

Safety assessors should be involved in project development planning and in
ensuring that adequate time is allowed for the safety assessment. They should be
involved in product formula development to advise of possible ingredient safety
issues throughout the development. They should be involved with marketing and
advertizing and with product packaging and labeling, etc. Finally, they should be
involved with customer relations and with crisis management. All of these sup-
plement their primary role of actually assessing product safety prior to launch. If
utilized fully, the safety assessor can avert many problems early in product devel-
opment and so directly contribute to effective use of time and resources.
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It has been said that anyone can become a toxicologist in two easy lessons,
each of which takes ten years. To that I would add that the safety assessment of
cosmetic products also requires experience.
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1 INTRODUCTION

This chapter is not intended to offer the reader an extended view of the history or
theory of the regulation of skin moisturization products. It is intended to focus on
the regulations which affect the development and marketing of such products in
Europe, offer a practical guide to ensuring that products comply with these regu-
lations, and give a very brief overview of cosmetic regulations in the United
States and Japan.

2 CONTROL OF COSMETIC PRODUCTS IN THE
EUROPEAN COMMUNITY

The Cosmetic Products Directive (76/768/EC [1] as amended) has two main
aims, first, to ensure consumer safety and, second, to create a single European
market for cosmetic products to enable free trade. The requirement for product
safety is enshrined in Article 2 of the directive and is dealt with extensively by an-
other chapter of this book. Free trade is enabled by common rules on what consti-
tutes a cosmetic product, ingredients, labeling and data requirements which have
been enacted in member state legislation in response to the directive.

635
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2.1 Definition of a Cosmetic Product in the EU

Article 1 of the Cosmetic Products Directive gives the following definition of a
cosmetic

A cosmetic product shall mean any substance or preparation intended to
be placed in contact with the various external parts of the human body
(epidermis, hair system, nails, lips and external genital organs) or with
the teeth and the mucous membranes of the oral cavity with a view ex-
clusively or mainly to cleaning them, perfuming them, changing their
appearance and/or correcting body odours and/or protecting them or
keeping them in good condition.

Further clarification of what constitutes a cosmetic product is given in Annex I of
the Directive. This is an “illustrative list” and is not exhaustive. It was put in place
when the directive was first produced to give clarity as to what kinds of products
should be considered to be included within the scope of cosmetic products. This
list includes product types, such as antiperspirants and anti-dandruff shampoos
that are regulated in other markets either as medicines or in a class (or classes) be-
tween cosmetics and medicines. Examples of these systems are over-the-counter
(OTC) drugs in the United States, quasi-drugs (Japan), specially-controlled cos-
metics (Thailand) and Risk Category 2 cosmetics (Brazil). Products fall into these
categories either by virtue of making specific functional claims or by containing
nominated functional ingredients. The level of safety and efficacy support re-
quired for these intermediate classes is generally between that of a cosmetic and
that of a drug.

2.1.2 Borderline Products in the European Union

There is an overlap between the definitions of cosmetic products and medicinal
products within European regulations. Current EC regulations that cover the bor-
derline area are the Cosmetics Directive (76/768/EC as amended) and the Medi-
cines Directive (65/65/EC [2] as amended). These provide definitions of cosmet-
ic and medicine as follows:

A cosmetic is

Any substance or preparation intended to be placed in contact with the
external parts of the human body . . . or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or mainly for
cleaning them, perfuming them, changing their appearance and/or cor-
recting body odours and/or protecting or keeping them in good condi-
tion.

A medicinal product is

Any substance or combination of substances presented for treating or
preventing disease in human beings or animals or Any substance or
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combination of substances which may be administered to human beings
or animals with a view to making a medical diagnosis or to restoring,
correcting or modifying physiological functions in human beings or ani-
mals.

When the Cosmetics Directive was enacted in 1976, the Council of Europe
was aware of the possibility of an overlap between the definition of a cosmetic
and a medicine and that some products could fall under both regimes. In an at-
tempt to avoid this, the Council made it clear in the preamble to the Cosmetics
Directive that it intended to draw a dividing line between medicines and cosmet-
ics. The recital reads

Whereas this Directive relates only to cosmetic products and not to phar-
maceutical specialities and medicinal products; whereas for this purpose
it is necessary to define the scope of the Directive by delimiting the field
of cosmetics from that of pharmaceuticals; whereas this delimitation fol-
lows in particular from the detailed definition of cosmetic products
which refers both to their areas of application and to the purposes of use;
whereas this Directive is not applicable to products that fall under the
definition of cosmetic products but are exclusively intended to protect
from disease.

In order to understand the thought processes behind the words it does help to look
at the way that the original 1976 definition was modified in 1993 [3].

Original:

Any substance or preparation intended for placing in contact with the
external parts of the human body . . . or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or principally to
cleaning them,1 perfuming them2 or protecting them3 in order to keep
them in good condition,4 change their appearance5 or correct body
odour.6

Current

Any substance or preparation intended to be placed in contact with the
external parts of the human body . . . or with the teeth and the mucous
membranes of the oral cavity with a view exclusively or mainly for
cleaning them,7 perfuming them,8 changing their appearance9 and/or
correcting body odours10 and/or protecting11 or keeping them in good
condition.12

By removing the words “in order to” and replacing the three functions [1–3] and
three objectives [4–6] by six individual purposes [7–12], the 1993 definition re-
moves several legal anomalies including the one that effectively excluded all dec-
orative products from being cosmetics.
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It should be noted that the phrase “exclusively or principally” has been
changed to “exclusively or mainly” reinforcing the fact that the regulators recog-
nize that cosmetic products may have functions other than those six individually
listed.

While the Medicinal Products Directive defines a products presented for
treating or preventing a disease as a medicine, the Cosmetics Directive implies
that a product intended for external application with a view exclusively or mainly
for one of the six cosmetic purposes could remain a cosmetic provided that it is
not exclusively or mainly intended to protect from disease. This has been inter-
preted in most member states of Europe as meaning that a cosmetic product could
have a secondary, minor therapeutic function provided that its prime purpose was
a cosmetic one. An example of this is the marketing of sensitive teeth toothpastes
as cosmetic products in all EC member states with the exception of the United
Kingdom. Here there is clearly some overlap between the two definitions. Cos-
metics sometimes claim to prevent disease, e.g., use of a fluoride toothpaste re-
duces the incidence of caries and use of a sensitive teeth toothpaste reduces the
perception of dentinal sensitivity. The cosmetics directive states that cosmetic
products must deliver “exclusively or mainly” the types of cosmetic benefits list-
ed in the definition. However, the word “mainly” means that a cosmetic product
can make a therapeutic claim as long as this is secondary to the cosmetic claim.
This is supported by the preamble in the Cosmetics Directive that “This directive
is not applicable to cosmetic products . . . exclusively intended to protect from
disease.” In the case of a toothpaste the primary cosmetic function is to clean 
and keep the teeth in good condition, the secondary function is to reduce the
incidence of caries. If the product contains fluoride at a cosmetically acceptable
level (<1500 ppm), it is classified as a cosmetic. If a similar product had no clean-
ing function or contained fluoride at >1500 ppm, it would be classified as a med-
icine.

It can also be argued that cosmetics often “restore, correct or modify phys-
iological function.” Indeed it would be difficult to identify any product applied to
the skin that had no effect at all on physiological function. Again this is an area of
overlap between the definitions of a cosmetic and a drug. The decision as to
whether the product should be regulated as a cosmetic or not is made by each na-
tional authority in the light of a number of factors. For example, will the average-
ly well-informed consumer think that they are buying a medicine? This will be
largely driven by the claims made in the context of the product and its presenta-
tion as a whole. Does the product claim to treat or prevent a disease or to interfere
with the normal operation of a physiological function of the human body. Other
factors that will be taken into account by the competent authorities in making this
decision will include

Medicinal implications of the product name, e.g., UlcerOut.
Medicinal presentation of the product, e.g., as a tablet, or in a package typ-
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ically used for medicines, or sold in pharmacies next to medicinal prod-
ucts.

Medicinal implications of data made available to the public by the marketing
company which reports a therapeutic effect. This is true whether it is giv-
en directly through advertisements and helplines or indirectly via a third
party, e.g., in a newspaper article to which the marketer has contributed.

Medicinal implications of specifically marketing the product at particular
sections of the population with, or vulnerable to, a specific adverse con-
dition.

Each country in Europe independently controls what claims are permitted
for cosmetic products in their own market. There is no central EU list of permit-
ted and banned claims for cosmetics and there is no central EU organization re-
sponsible for deciding whether a claim is cosmetic or medicinal for the following
reasons:

Culture, historical treatment of products, habits, and attitudes vary from
country to country. The acceptability of claims in each country must be
assessed by local nationals for local nationals.

Claims are made up of words which communicate a subtle message to con-
sumers in the context of their own language and culture. Translation of a
common list into all of the languages of the EU would lead to differ-
ences in meaning.

Any list of claims would require constant revision and agreement at techni-
cal, bureaucratic, and political levels between all 15 countries to cover
new, innovative product types and claims. This would create an enor-
mous workload and lead to long delays to new product/claim introduc-
tion.

Industry can be very creative in developing new products and wording new
claims to avoid rigid positive and negative lists.

The current approach allows for rapid classification of completely new
product types and claims using the rationale and tools laid down by the
EU as interpreted by local regulators.

Confirmation of this of this national approach was given by the European
Court of Justice (ECJ) in 1988. The Medicines Directive defines a medicinal
product partly by its action on disease. However, it does not actually define what
constitutes a disease. When this was examined by the ECJ they decided that

It is for the national authorities to determine, subject to judicial review,
whether or not, having regard to its composition, the risk which its pro-
longed consumption may entail or its side-effects and, more generally,
all of its characteristics, a product presented as counteracting certain
conditions or sensations, such as hunger, heaviness in the legs, tiredness
or itching constitutes a medicinal product.
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The case of Delattre was referred to the European Court of Justice for considera-
tion and decision on what constituted a medicinal product (Case C-369/88[1991]
ECR 1487). The Court ruled that

A product may be regarded as being presented as a medicine if its form
and the manner in which it is packaged render it sufficiently similar to a
medicinal product and, in particular, if on its packaging and in the infor-
mation provided with it reference is made to research by pharmaceutical
laboratories, to methods or substances developed by medical practition-
ers or even to certain testimonials from medical practitioners commend-
ing the qualities of the product. A statement that the product is not med-
ical is persuasive evidence which the national court may take into
consideration but is not, in itself, conclusive.

One of the few borderline cases which has come to the European Court of
Justice for resolution was that of Upjohn vs. Farzoo (Case C-112/89 [1991] ECR
I-1703) in which Farzoo was marketing Upjohn’s minoxidil-based hair growth
product Regaine® in the Netherlands as a cosmetic product. Upjohn claimed that
this was against EC law as the product was a medicine. In its judgement the ECJ
decided for Upjohn, rejecting the claim of Farzoo that a medicine could only be
defined in relation to the notion of illness. The ECJ also clarified that the defini-
tion of a medicine that Regaine fell under was the second definition, i.e., “restor-
ing, correcting or modifying physiological functions . . . (65/65/EC).” The key
sections of the judgement are as follows:

21. With regard to what must be understood by “to restore, correct or
modify physiological function” . . . this expression must be under-
stood in a manner which is sufficiently wide so as to include all sub-
stances which may have an effect on the function of the body.

22. However this criterion does not include substances which while hav-
ing an influence on the human body, as for instance certain cosmetics,
do not have a significant effect on the metabolism which therefore
strictly speaking do not modify the condition of its function.

23. It is necessary for the national judge to proceed case by case on the
necessary categorization taking account of the pharmacological prop-
erties of the product and the consideration of its methods of use, the
extent of its distribution, and the knowledge of its customers.

2.2 The Sixth Amendment

In 1993 major modifications were made to the Cosmetics Directive by the sixth
amendment Council Directive (93/35/EEC4), the most significant of which ad-
dressed
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Ingredient labeling
Product information requirements
Implications of animal testing

2.2.1 Ingredient labeling

Article 6 of the Cosmetics Directive lists labeling requirements for cosmetic
products. The sixth amendment introduced a requirement for a label on the outer
package to carry a list of all ingredients. Prior to the sixth amendment, the only
ingredients which had to be designated on the label were those mandated within
the annexes of the directive.

Article 6(1)(g) of the amended directive requires that all ingredients are la-
beled by descending order of weight at the time that they were added. Once the
list reaches those ingredients added at less than 1%, it does not need to be in
weight order.

The nomenclature used should be the common names adopted by the Euro-
pean Commission. Article 5a of the Cosmetics Directive established an inventory
of these names. Since the publication of the original inventory of cosmetic ingre-
dients in June 1996 there have been approximately 1500 additions and 900
changes made. The Scientific Committee on Cosmetics and Non-Food Products
(SCCNFP) published the first update of the inventory, adopted 28 June 2000, on
the internet at http://europa.eu.int/comm/food/fs/sc/sccp/out123_en.pdf

International Nomenclature of Cosmetic Ingredients (INCI) names for nov-
el ingredients can be easily obtained by submission of a package of chemico-
physical data on the substance to the INCI Committee with a suggested INCI
name. To address concerns of trade secrecy Commission Directive 95/17/EC es-
tablished a provision that enables manufactures to request a code number instead
of an INCI name for ingredient listing. Once granted, confidentiality codes may
be used for up to 5 years and may be extended for a further 3 years.

Exceptions from these general ingredient labeling rules are as follows:

Ingredients added for the purposes of flavor or fragrance do not need to be
named but can be covered by the terms “aroma” or “parfum.’’

Raw material impurities do not have to be listed, neither do subsidiary tech-
nical materials such as solvents or perfume carriers used in strictly nec-
essary quantities.

For color cosmetics, the label can mention all of the colors in the product
range.

2.2.2 Product Information

Probably the greatest change to the Cosmetics Directive introduced by the sixth
amendment was the requirement for every party responsible for placing a cos-
metic product on the market in the European Community to maintain certain data
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readily accessible to government authorities. These data must be kept readily
available at an address specified on the product label. The information required is
as follows:

The qualitative and quantitative composition of the product (in the case of
perfume compositions and perfumes, the name and code number of the
composition and the identity of the supplier).

The physicochemical and microbiological specifications of the raw materi-
als and the finished product and the purity and microbiological content
of the cosmetic product.

The method of manufacture complying with good manufacturing practice
laid down by Community law or, failing that, laid down by the law of the
member state concerned. The person responsible for manufacture or first
importation into the Community must possess an appropriate level of
professional qualification or experience in accordance with the legisla-
tion and practice of the member state which is the place of manufacture
or first importation.

An assessment of the safety for human health of the finished product.
The name and address of the qualified person/people responsible for the

safety assessment. They must hold a diploma as defined in Article 1 of
Directive 89/48/EC in the filed of pharmacy, toxicology, dermatology,
medicine, or a similar discipline.

Existing data on undesirable effects on human health resulting from use of
the cosmetic product.

Proof of the effect claimed for the cosmetic product, where justified by the
nature of the effect or product.

This information is the property of the company but may be viewed by the com-
petent authority designated by the government in each member state. The data
package has to be readily accessible to the competent authority. It is generally ac-
cepted that 24–72 hours is considered an adequate response time.

2.2.3 Implications of Animal Testing

The use of animals for safety and efficacy testing is an emotive issue in Europe
which has ethical, political, and technical aspects, and it is right that the use of an-
imals in testing of cosmetic products and ingredients is subject to scrutiny. In reg-
ulatory terms, Article 2 of the Cosmetics Directive demands that a cosmetic prod-
uct put on the market within the Community must not cause damage to human
health when applied under normal or reasonably foreseeable conditions of use.
Article 7 of the directive then states that “. . . the manufacturer shall take into con-
sideration the general toxicological profile of the (cosmetic) ingredient, its chem-
ical structure and its level of exposure.’’
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Although there are no set methodologies imposed by the cosmetics direc-
tive to enable this safety assessment to be performed, there is some guidance from
the Commission’s Scientific Committee on Cosmetics and Non-Food Products.
(“See Notes for Guidance on the Safety Assessment of Cosmetic Ingredients,”
SCCNFP, 1997). Some animal-based toxicological tests, used to ensure the safe-
ty of pharmaceuticals, agrochemicals, dangerous substances, etc., are recom-
mended. These test methods are detailed in The Organisation of Economic Co-
operation and Development (OECD) publications and have been incorporated
into EU legislation as Annex V test methods for the Dangerous Substances Direc-
tive [5].

In 1993, the sixth amendment addressed concerns regarding the use of ani-
mal testing by the cosmetics and associated industries by including the clause
“Member States . . . shall prohibit the marketing of cosmetic products containing
ingredients or combinations of ingredients tested on animals after 1 January 1998
in order to meet the requirements of this Directive.” This amendment also ac-
knowledged that prohibition depended on the development of satisfactory, vali-
dated, nonanimal alternative tests, and made provision for a postponement for not
less than 2 years if the alternative methods were not available. Following a review
of progress toward validation of nonanimal methodologies carried out in 1997 the
marketing ban was postponed until 30 June 2000, with provision for a further re-
assessment of progress by 1 January 2000.

2.3 Control of Ingredients

When assessing an ingredient for use in a cosmetic formulation to be marketed
within the European Community there are two principal pieces of regulation to be
considered. First, the Dangerous Substances Directive and, second, the Cosmet-
ics Directive.

2.3.1 The Dangerous Substances Directive

The aim of the Dangerous Substances Directive (67/548/EC [5] as amended) is to
protect people and the environment from the possible harmful effects of chemical
substances and to create a single market in new substances across the EU. It aims
to reinforce the latter by ensuring that chemical notification requirements are
identical in all 15 member states and that there is mutual recognition of notifica-
tions, i.e., a notification accepted in one member state is valid for all of them.

This regulation was issued in the form of a European Directive and has
been enacted into national legislation by member states. Each member state has
designated its own competent authority which has the responsibility of running
the system. In the United Kingdom the competent authority is the Health and
Safety Executive and the Department of the Environment, acting jointly.
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From the perspective of the Dangerous Substances Directive (DSD), poten-
tial ingredients for cosmetic products for the European market are considered to
be one of the following:

Existing chemical substances
Notified chemical substances
New chemical substances

If the ingredient is either existing or notified, then no further action will be re-
quired with reference to the DPD by the cosmetic formulator. If the ingredient is
new, then it has to be notified before use in a cosmetic product unless covered by
one of the exemptions described here in Section 2.4.5.

In terms of structures, the DSD has three important components, a closed
inventory [6], an open inventory [7], and a notification process.

The European Inventory of Existing Chemical Substances (EINECS).
This is a list of over 100,000 substances which were on the European market be-
tween 1 January 1971 and 18 September 1981. Substances on this list are consid-
ered to be “existing” as opposed to “new.” The list is “closed” in that no sub-
stances can be added to it. The EINECS was published in the Official Journal of
the European Community on 15 June 1990 (Vol. C146A). Substances on this list
carry a number of the format 2XX-XXX-X or 3XX-XXX-X.

The European List of Notified (New) Chemical Substances (ELINCS).
Since 1981 any substance placed on the European market which was not includ-
ed in EINECS has had to be notified to one of the member state competent
authorities. The process is described briefly in the next subsection. The success-
ful outcome being that the new substance is added to the ELINCS list and be-
comes a notified substance. These are given an ELINCS number in the format
4XX-XXX-X.

Notification Process. The notification process involves submission of a
package of physicochemical characterization, toxicology, and ecotoxicology data
to the competent authority. The nature and level of data required are proportional
to the annual and cumulative tonnage of the material to be placed on the market in
the EU and are defined in the regulations. Receipt of this data submission is for-
mally acknowledged by the competent authority, and unless the notifier is con-
tacted within 30 or 60 days (dependent upon the level of the notification) of this
acknowledgement then the material may be placed on the market. It is strongly
advised that discussions with the competent authorities on the scope of the data
submission are held during the planning phase of a notification.

Practical Implications. From a practical point of view then, the first step
is to determine whether the ingredient of interest already exists or has been noti-
fied. This can often be done by the supplier of the material. If this is not possible,
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there can be difficulties due to the differences in chemical nomenclature systems
in use by chemical suppliers around the world. Identification of the chemical ab-
stracts system (CAS) number of the material is extremely helpful as a common
denominator which is used within the published EINECS/ELINCS documenta-
tion. When searching EINECS it should also be noted that not all of the entries in
EINECS are for specific chemicals; many substances of plant and origin are de-
scribed in more general terms.

Electronic versions of the EINECS, including annually updated copies of
the ELINCS, are also available commercially and reduce search times consider-
ably. If the ingredients of interest are already included in one of the inventories,
then there is no need to notify them.

Exemptions from the Dangerous Substances Directive. In terms of the
cosmetics industry in Europe there are two important exemptions from the notifi-
cation requirements of the regulations.

COSMETIC PRODUCTS. New ingredients which are placed on the EU only as
part of cosmetic products are exempt from notification. In practical terms this
means that cosmetic products containing a new chemical substance may be im-
ported from outside the EU without notification of that substance. This exemption
does not cover new chemical substances which are manufactured by a chemical
supplier within the EU for use only in cosmetic products, as the transfer between
the separate legal entities of the supplier and the cosmetic company is covered by
the definition of “placing the ingredient on the market.”

SUBSTANCES NO LONGER POLYMERS. Polymers are treated differently from other
materials by these regulations and are not subject to the same notification require-
ments. The definition of a polymer in the original regulation (67/548/EC) was
modified in 1992 by the seventh amendment to the DSD (92/32/EC [8]), and some
substances which were covered (and hence exempt from notification) by the 1967
definition of a polymer were outside the 1992 definition of a polymer given in the
amending directive. Any of the materials that were inside the 1967 definition, out-
side the 1992 definition, and were placed on the EC market between 1 January
1971 and 1 November 1993 are considered to be exempt from notification.

SUBSTANCES TREATED AS HAVING ALREADY BEEN NOTIFIED. Three categories of no-
tifiable chemical substances of importance to the cosmetics industry can be treat-
ed as having already been notified under the requirements of the DSD. These are
technically complex and subject to interpretation by the competent authorities. It
is strongly recommended that assistance and clarification are sought from the lo-
cal competent authority when operating in these areas.

POLYMERS. Polymers (as defined by the directive) which meet the following
conditions do not require notification:

Those which are produced by polymerization of EINECS-listed substances
only.
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Those which are produced by polymerization of EINECS-listed substances
only, with postpolymerization reaction with another EINECS-listed sub-
stance.

Those which contain less than 2% (in bonded form) of a non–EINECS-list-
ed substance. This includes incorporation of the non-EINECS listed sub-
stance in the initial polymerization or by postpolymerization reaction. In
this case, notification may not be required if it is decided by the compe-
tent authority that the polymer is identical with an existing polymer pro-
duced with EINECS-listed substance(s) that is already available on the
EU market.

NEW CHEMICAL SUBSTANCES FOR SCIENTIFIC RESEARCH AND DEVELOPMENT. Sub-
stances intended specifically for scientific research and development in quantities
less than 100 kg per annum do not need to be notified to the competent authority.
It should be noted that the interpretation of the scope of this exemption may vary
between competent authorities, and certain information may have to be provided
to the competent authority and/or maintained in-house.

NEW CHEMICAL SUBSTANCES FOR PROCESS-ORIENTATED RESEARCH AND DEVELOPMENT.
Notification is not required for substances used for these purposes. However, cer-
tain information, up to that for a reduced notification at the 100 kg per annum lev-
el, does have to be provided to the competent authority. Again, it should be noted
that the interpretation of the scope of this exemption may vary between compe-
tent authorities.

2.4 The Cosmetics Products Directive

Once a potential ingredient has been assessed against the Dangerous Substances
Directive the next regulatory check is to ascertain whether it will be permitted for
use in a cosmetic product to be placed on the market in the European Union. The
Cosmetics Directive (76/768/EEC as amended) controls the use of ingredients
permitted to be used in cosmetic products to be placed on the EC market by
means of a negative list, a restricted list, and three positive lists. These lists are
regularly updated by means of Adapting Directives which reflect advances in
technical progress.

2.4.1 Annex II (The Negative List)

Annex II is a single list of over 400 substances which must not form part of the
composition of cosmetic products to be placed on the EC market. It should be
noted that cosmetic products may be placed on the EC market if they contain
traces of these materials provided that their presence is technically unavoidable in
good manufacturing practice and that they conform with the safety requirements
for cosmetic products laid down in Article 2 of the Directive. Annex II includes
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TABLE 1 Sample Extract of an Annex III Entry

Substance
Field of

application/use

Maximum
authorized

concentration
in the finished

product

Conditions of use
and warnings
which must 

be printed on 
the label

Hydrogen peroxide,
and other com-
pounds or mixtures
that release hydro-
gen peroxide, in-
cluding carbamide
peroxide and zinc
peroxide

Skin care
preparations

4% of H2O2

present or
released

Contains hydro
gen peroxide

Avoid contact 
with eyes

Rinse eyes 
immediately if 
product comes 
into contact 
with them

both specific chemicals, e.g. spironolactone, and wider classes of substances, e.g.,
alkyne alcohols, their esters, ethers, and salts.

The remaining annexes are each divided into two parts. The first part of
each annexe is a permanent list, the second a provisional list. Presence of an in-
gredient on a provisional list indicates that it is under review and is permitted for
inclusion in cosmetic products subject to the restrictions indicated until the re-
view date attached to the entry. After this date the material may be transferred to
the permanent section of the annex, modified, deleted, or the period of review ex-
tended.

2.4.2 Annex III (The Restricted List)

Annex III lists substances which cosmetic products must not contain except sub-
ject to certain restrictions. Substances may be restricted to certain types of prod-
ucts, certain levels or both. The restriction may also include compulsory labeling
text. An extract of an Annex III entry is shown in Table 28.1.

2.4.3 Annexes IV, VI, and VII (The Positive Lists)

These annexes mandate the ingredients that can be used as coloring agents (An-
nex IV), preservatives (Annex VI), and UV filters (Annex VII) in cosmetic prod-
ucts. If an ingredient is to be used for one of these three functions, then it must ap-
pear on the appropriate annexe. Ingredients within the annexes are subject to
individual restrictions such as limitations in field of use, concentration limits, and
warning statements.
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2.4.4 Changes to the Annexes

There is a process in place within the European Commission for updating the in-
gredient annexes to reflect progress in technical knowledge. Scientific support to
this process is given by a body of independent academic experts known as the
Scientific Committee on Cosmetics and Non-Food Products intended for Con-
sumers. Activity can be initiated by member state governments or by industry via
the European Cosmetics Industry Trade Association (COLIPA).

2.5 Impact on Selection of Potential Ingredients

The logic flows used when assessing a potential ingredient against the annexes of
the cosmetics directive are as follows:

A substance may be used as an ingredient in a cosmetic product for purpos-
es other than as a colorant, preservative, or UV filter provided that it is
not banned by inclusion in annexe II or restricted for intended purpose
by annexe III and that the product is safe.

A substance may only be used as an ingredient in a cosmetic product as a
colorant, preservative, or UV filter if it appears in the appropriate annexe
and the product is safe.

3 OVERVIEW OF CONTROL OF COSMETIC
PRODUCTS IN THE UNITED STATES

Cosmetics marketed in the United States are regulated under the federal Food,
Drug and Cosmetic Act (FD&C Act) [9] and the Fair Packaging and Labeling Act
(FPLA) [9].

The FD&C Act defines cosmetics as articles intended to be applied to the
human body for cleansing, beautifying, promoting attractiveness, or altering the
appearance without affecting the body’s structure or functions. Included in this
definition are moisturizing skin creams and lotions and any material intended for
use as a component of a cosmetic product. As in the European Union there is no
premarketing approval process for cosmetic products, and the person placing the
product on the market carries responsibility for the safety of the product.

With the exception of color additives and a few prohibited ingredients, any
raw material may be used as a cosmetic ingredient without prior approval. The
law requires that color additives used in food, drugs, and cosmetics must be test-
ed for safety and approved by the FDA for their intended uses. The color addi-
tives approved for use in cosmetics are listed at 21 CFR 73, 74, and 82 [9]. The
use of the following ingredients is either restricted or prohibited in cosmetics:
bithionol, mercury compounds, vinyl chloride, halogenated salicylanilides, zirco-
nium complexes in aerosol cosmetics, chloroform, methylene chloride, chloroflu-
orocarbon propellants, and hexa-chlorophene.
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4 OVERVIEW OF CONTROL OF COSMETIC
PRODUCTS IN JAPAN

Products which are typically considered to be cosmetics in Europe are regulated
under two separate systems in Japan. Product claims which the authorities con-
sider to be more active are classified as “quasi-drugs’’. In terms of skin products
these include those skin lotions making specific claims in areas such as chapping
and roughness, prevention of razor burn, keeping the skin healthy, and supplying
the skin with moisture. In order to make such a claim, the product must contain a
quasi-drug active which has been approved for that specific class of product and
must only make claims in the area defined within the quasi-drug regulations [12].
It should be noted that once preapproved by the authorities for marketing, quasi-
drugs can be sold freely through retail outlets.

Control of general cosmetic products was deregulated in Japan from 1 April
2001, moving away from the previous system which imposed tight restrictions on
which ingredients could be used for each type of product toward a system where
internationally accepted ingredients can be used. Major changes to the regulatory
system include abolition of the premarket approval system, the adoption of ingre-
dient labeling, and the implementation of positive lists for UV filters, colors, and
preservatives. Although implementation is still at an early stage, most cosmetic
ingredients will be freely available for use in Japan. These new regulations cover
ordinary skin lotions making general skin moisturization claims. Details of these
new cosmetic regulations which contain ingredient lists, rules for prior approval
of products containing ingredients not on the lists, and new labeling requirements
have been published by the Japanese authorities [13].

5 SUMMARY

Products making simple skin moisturization claims only are generally classified
as cosmetics around the world. Regulations controlling cosmetics are currently in
a state of evolution across the world, moving generally in the direction of a har-
monized system based upon the general principles of regulation in the European
Union as follows:

A standard definition of cosmetic products which clearly delineates them
from drugs and foods

An illustrative list of product types, e.g., creams, face masks, toilet soaps,
perfumes, etc.

No borderline categories between cosmetics and other product types
Responsibility for product safety clearly with the manufacturer and/or

marketer
Clear restriction of certain ingredients
Standardization of cosmetic Good Manufacturing Practice
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Appropriate labeling to ensure safe use of products
Use of in-market control to verify fraud or negligence
Standardization of minimum labeling requirements
Ingredient labeling using INCI
Scientifically valid system for restricting and banning ingredients for use in

cosmetic products
System for regular updating of restrictions

Good progress against these principles is already being made in many
countries around the world and every step toward harmonization facilitates sup-
ply to the consumer of safer and more innovative cosmetic products. However,
the challenge presented to industry by these rapid changes to industry is to stay
abreast of the current situation, predict short-term changes, and work with regula-
tors during regulatory transition to assure that products meet the regulations in all
target markets.
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cleansers, 413–414
Aging, 12–13

barrier homeostasis, 217
ceramide, 281
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Alpha-hydroxy acids (AHAs), 19, 89,
262–263, 323–347

biochemistry, 324–327
chemical peels, 339–341
chemistry, 324–327
dry skin, 331–333
free acid content, 326
future trends, 347
ichthyosis, 328–329
mechanism of action, 344–345
photodamaged skin, 334–339, 341
safety, 345–347
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skin compatibility, 343
stratum corneum, 333–334
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AML, 332–333
Ammonium isethionates, 587
Ammonium lactate lotion (AML),

332–333
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formula, 569, 571
Anionic surfactants
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Anti-aging cream
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Anti-aging face cream
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Antiproteinase

defense, 135
Antiseptics
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Aqualysin, 390
Arden, Elizabeth, 436

Arm wash
ex vivo set up, 418

Asthma
topical protease, 378

Atopic dermatitis, 165–175, 226–227
ceramides, 167–169, 172–173
cholesterol, 171
dry skin mechanism, 279–281
emollients, 229–231

formulations, 230
free fatty acids, 170–171
infant, 166
management, 173–175
skin characteristics, 284
stratum corneum lipids, 166–173

Atopic dry skin
pseudoceramide, 288–297

Atopics, 20
Attribute panels, 442
Attribute questions, 450
Autosomal dominant ichthyosis, 89
AWT

cleansers, 413–414

Baby lotions
performance attributes, 550

Bacillus licheniformus, 368–369
Bacillus subtilus, 386

protease, 380–381
Balsam of Peru

and blood flow, 148–150
Bar soap, 585
Beta-glucosylcerebrosidase, 41–42, 46
Betaine, 308
Bioinstruments

grading, 483
Bioprase, 386

chemical modification, 391–401
activity, 397
characterization, 394–396
procedure determination, 391–394
safety test, 399
stability, 396–397
use test, 399–401

gene engineering, 390–392
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irritation tests, 400
keratin hydrolytic activity, 388
sodium dodecyl sulfate-

polyacrylamide gel
electrophorograms, 387

stabilization, 390–391
sweat protein hydrolytic activity, 389

Blank, Irwin, 466
Blinding procedures, 485
Blood flow

and balsam of Peru, 148–150
detector, 148

Body care, 12
Body cream
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performance attributes, 550

Body moisturizers, 19–21
Body parts, 12
Body wash

dual formula, 426
Bound water

calculation, 276
lipids, 273–274
stratum corneum, 269–271

Break, 578
Brownian motion, 560
Butylene glycol, 572
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lamellar ichthyosis, 196

Calcium, 215–216
Caldolysin, 390
Canola oil

atopic dermatitis, 174–175
Capacitance, 605
CAPB, 409, 411
Capillary blood flow detector, 148–150
Carcinogenicity, 621–622
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Cationic polymers

formulation mildness, 601
Caucasian skin, 67
CE. See Cornified envelope
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Cellulite, 20
Cellulosics, 592–593
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Central location test (CLT), 451
Ceramidase, 131
Ceramide, 7

acetone/ether, 278
aging, 281
atopic dermatitis, 167–169, 172–173
dose dependency, 288
efficacy, 267–300
emollients, 235–238
fractions, 170
hydrolysis, 131
impedance meter, 281
nomenclature, 169–170
physical properties, 47–50
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stratum corneum, 31–55, 269
structure, 286
xerosis, 278–279

Ceramide 1, 43, 168
atopic dermatitis, 173

Ceramide 4, 169
Ceramide 5, 169
Ceramide glucosyltransferase (CGT), 46
CER FB, 43
Cetyltrimethylammonium bromide

(CTAB), 209
CGT, 46
Chamomile extracts, 552
Chemical peels, 339–341
China

skin care market, 5
Cholesterol, 7, 43, 50–51
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emollients, 235–238
liquid cleansers, 425–426
phase behavior, 171–172
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skin barrier, 54
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Cholesterol ceramide ratio, 54

[Bioprase]
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Cholesterol ester cream
vs. pseudoceramide cream, 

292–293
Cholesterol sulfate, 53, 189, 210

desquamation, 86–87
Cholesteryl esters, 52
Choline, 308
Chronic plaque psoriasis, 185
Chymotrypsin

visual scaling, 368–369
Chymotrypsin-like serine protease,

83–84
CIR, 345–346
Claim support, 456–458

descriptive studies, 457–458
Classic lamellar ichthyosis, 190–192

stratum corneum, 191
CLE, 38, 40, 47
Cleansers, 556, 585–608

AWT, 413–414
bars, 23–24
body wash

dual formula, 426
clinical testing, 602–604

experimental design, 602–603
measuring effects, 603–605

consumer testing, 602
dry skin, 17
enzymes, 385–402
formulation, 586–594

ingredients, 586–594
mildness, 600–601
moisturizing potential assessment,

602–607
solution/suspension structure,

595–597
strategies, 597–601

function, 407
irritation, 414–415

testing, 605–607
liquid, 423–427, 592, 594–595
moisturizing, 6–7, 23–25, 405–428
proteases, 386
scaling, 414
skin damage, 8, 407

skin dryness, scaling, roughness, 414
skin effects

clinical manifestations, 413–415
skin irritation, 414–415
skin moisture, 6–7
stratum corneum, 16, 407–415

interactions, 407–410
structure, 407

surfactants, 8
TEWL, 419
types, 8

Cleansing, 6–7
bars, 23–24
liquids, 24–25
wipes, 25

Climate, 11
Climate therapy

recessive X-linked ichthyosis, 195
Closed (occlusive) patch testing, 606
CLT, 451
Coacervates, 596
Coalescence, 560
Cocoamido propylbetaine (CAPB), 409,

411
Coconut soaps, 556–557
Cocoyl sarcosinates, 587
Coefficient of friction devices, 

515–517
Cold cream

formula, 231, 570
Colloids, 596–597
Communications

mass, 5–6
Conditioning agents, 588–591
Conductance, 605
Congenital ichthyosiform erythroderma,

192
stratum corneum, 193

Consumer
choices, 6
expectations, 2

Consumer-based claims, 456–457
Consumer data

statistical analyses, 452–453

[Cleansers]
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Consumer product marketplace, 6
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applications, 453–460
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claim support, 456–458
data analysis, 451–453
irritation, 458–460
methodology, 439–451
objectives, 438–439
research guidance, 454–456

Corneocyte lipid envelope (CLE), 38, 40,
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Corneocytes, 7, 61–62, 96, 385
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cleanser damage, 8
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glycerol, 256
humidity, 255
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Corneodesmosomes, 125
degradation, 126
humectants, 251–255

Corneosomes, 531
Corneosurfametry, 536
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Cornified envelope (CE), 95–112

biochemistry, 96–102
contrast microscopy, 102
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formation, 97–99
glycerol, 261
maturation, 102–106
skin condition, 106–111

Corticosteroids
atopic dermatitis, 175
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Cosmetic consultants, 3
Cosmetic emulsions

benefits, 555
design, 554–566

Cosmetic Ingredient Handbook
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Cosmetic Ingredient Review (CIR),
345–346

Cosmetic moisturizers, 21
Cosmetic products

defined, 635–640
vs. medicinal products, 636–640
nomenclature, 641
regulatory assessment, 635–650
safety assessment, 611–632

Cosmetics Toiletries and Fragrance
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345–346

Cosmetic Ingredient Handbook, 13
Co-surfactants, 587–588
Covalently-bound lipid, 99–102
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performance attributes, 550
anti-aging
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formula
anhydrous emollient, 569, 571
cold, 231, 570
dry skin, 569, 572
water-in-oil, 569
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heparin-containing, 294–295
petrolatum-based carrier

dermatitis, 233
pseudoceramide, 292–297
recessive X-linked ichthyosis, 195
topical protease

stability, 374–377
urea, 294–297

CREP, 97
Crisis management, 631
CTAB, 209
CTFA, 345–346

Cosmetic Ingredient Handbook, 13
Cutaneous barrier homeostasis, 
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Cyanoacrylate skin
surface stripping, 532
surface strippings, 536

Cystatin-alpha, 97
Cystine-rich envelope protein (CREP),
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Dangerous Substances Directive
(67/548/EC), 643–646

exemptions, 645–646
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Deep sea fishing, 12
Delayed contact hypersensitivity

topical protease, 378
DEPE, 50
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Dermatitis

hand
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Dermatology

skin moisturizers, 21–22
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Descriptive panels, 440–443
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Descriptive tests, 453
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Desquamation, 7
abnormal

cause, 365
cholesterol sulfate, 86–87
stratum corneum enzymes, 81–91
water, 87–89
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Diastron Dermal Torque Meter, 515

Dielaidoyl phosphatidylethanolamine
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Differential scanning calorimetry (DSC),
51, 270–273, 275, 280, 467, 541

Difpoptosis, 40
Dimethicone, 572
Dipalmitoyl phosphatidylcholine
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Direct sale, 4
Discrimination tests, 439–440, 453
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support testing, 457–458
Distributor own brands (DOBs), 3
DMAO, 411
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411
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(DTAC), 599
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148–150
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Drying factors, 16
Dry skin, 119–139

acetone/ether, 268–269
AHAs, 331–333
atopic

pseudoceramide, 288–297
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formula, 569, 572
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glycerol, 258–262
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intercellular lipids, 271–273
lactic acid, 262–263
lipid removal, 268–269
newborn infants, 138
PCA, 262
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products

performance attributes, 550
stratum corneum

biology, 124–139
corneocyte envelopes, 136–137



657Index
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lipid biochemistry, 127–131
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testing
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466–467
history, 466–470

ultraviolet radiation, 138–139
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water content, 500
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D-Squame adhesive discs, 507–508
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Dual formula body wash, 426
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Dustbin hypothesis, 65
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Egypt
moisturizers, 435
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Elafin, 97
Electrodynamometer
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ELINCS, 644
Emollient cream
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formula, 569, 571

Emollients, 9–10, 13–15
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atopic dermatitis, 229–231
barrier protection, 227–231
ceramide, 235–238
cholesterol, 235–238
classification, 224–226
clinical effects, 223–238
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hydrating effect, 226
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oil-in-water, 225
physiological lipids, 235–238
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formulations, 230
Emotional factors, 11
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selection, 558–560
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Emulsions, 10
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visual impact, 575–576

English
moisturizers, 436
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Enzymes

cleansers, 385–402
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safety assessment, 623
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keratolytic compounds
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photodamage, 157–158, 158
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341

treatment, 196
Epidermopoiesis, 499
Equilibration period, 485
Erythrodermic psoriasis, 184
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ESR spectroscopy, 422–423
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moisturizers, 574–580
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Ether. See Acetone/ether
Ethnic skin, 11
European community

cosmetic product control, 635–649
European Community Cosmetics
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cosmetic product defined,
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safety assessment, 617
Eye irritation, 619
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anti-aging

performance attributes, 550
Facial care, 12

products, 3
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Fair Packaging and Labeling Act
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Fair skin, 160
Faraday-Tyndall effect, 597
Fatty acids, 7, 47, 420, 552
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free, 51–52
phospholipids, 307

Fatty acyl co carboxylase, 43
FCAT, 415
FDA, 345
Filaggrin, 65, 97, 103, 105
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proteolysis, 69–70

activation, 72–74
FITR spectrophotometer, 513
FLPA, 648
Focus groups, 445–446
Food, 3
Food and Drug Administration (FDA),

345
Food Drug and Cosmetic Act, 648
Foods, 433
Forearm controlled application technique

(FCAT), 415
Formula identification

safety assessment, 615
Fountain of youth, 5
Fourier Transform IR (FITR)

spectrophotometer, 513
Fragrances, 443–444, 574, 591
Free fatty acids, 51–52

atopic dermatitis, 170–171

Galen, 435
Gas bearing electrodynamometer

skin moisturization testing, 147
Gas-bearing electrodynamometer (GBE),

514
Gaucher’s disease, 46
GBE, 514
Gelatin/glycine

vs. glycolic acid, 335
Genetic counseling

recessive X-linked ichthyosis, 195
Genotoxicity, 621
Global skin care industry

value, 2
Glucosylcerebrosidase, 41–42, 46
Glutamates, 588
Glutamine, 65
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Glycerides, 589
Glycerin, 572
Glycerin bars, 24
Glycerol, 249

barrier function
in vivo, 261–262

CE, 261
corneocytes, 256
desmosomes, 254
dry skin, 258–262
pleiotropic properties, 250–251
stratum corneum, 256–258
xerosis, 259–260

Glycerylphosphatidylcholine (GPC), 308
Glycolic acid, 89, 335–336

acne, 341–342
vs. gelatin/glycine, 335
PFB, 342
vs. salicylic acid, 338

Glycosidases, 135
GPC, 308
Greasiness, 577–578
Greece

moisturizers, 435–436

Hand
cream

Anglo-Saxons, 436
dermatitis

petrolatum-based carrier cream, 233
moisturizers, 19–21

Hazard identification, 614, 617–625
Heat-stable enzymes, 390
Hedonic questions, 450
Hedonic terminology, 438
Heparin-containing cream

vs. pseudoceramide cream, 294–295
Herbs, 433
Hippocrates, 435
Histamine receptor, 217
HLB, 558–560
HMG Co A reductase, 43
Home use test (HST), 451
Housewives, 501
HPC. See Hydrogenated

phosphatidylcholine

HST, 451
Human data

safety assessment, 622–625
Human volunteer studies

safety assessment, 623
Humectants, 13–15, 245–263, 501, 

534
barrier lipids, 255–256
corneodesmosomes, 251–255
effects, 256–258
efficacy, 248–249
hygroscopic measurement, 248–249
and moisturizers, 248–249
stratum corneum, 249–251

plasticization, 252
Humidity

corneocytes, 255
stratum corneum, 16
xerosis, 212–213

Hydrocarbons, 589–590
Hydrogel emollients, 225
Hydrogenated phosphatidylcholine

(HPC), 303, 310
chemical structure, 311
composition, 305–306
hydration, 312–316
SC lipids, 310
sensitive skin tolerance, 312
skin uptake, 310–312
topical

normal skin, 316–317
Hydrophile/lipophile balance (HLB),

558–560
Hydroxyethylcellulose, 593
Hydroxypropyl methylcellulose, 593

ICD
topical protease, 378

Ichthyosiform erythroderma
congenital, 192

Ichthyosis, 187–196
AHAs, 328–329
autosomal dominant, 89
classic lamellar, 190–192
lamellar, 137, 189–192

prenatal diagnosis, 196
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PHA, 341
X-linked, 500

Ichthyosis vulgaris, 187–188
treatment, 194

IgE antibody, 379
Image analysis

in vivo, 508
Industrial exposures, 623
Infants

atopic dermatitis, 166
newborn

dry skin, 138
Information, 4

reliable sources, 26–27
Infrared spectroscopy, 512–513
Ingredients

European Community Cosmetics
Directive (76/768/EEC), 
643–646

safety assessment, 615
Instructions

safety assessment, 616
Instrumental methods, 472
Integument, 53–55
Intercellular lipids

dry skin, 271–273
stratum corneum, 269–271

Internet, 4, 26, 434
consumer testing, 447–448

Involucrin, 96, 100, 210–211
Irritant contact dermatitis (ICD)

topical protease, 378
Irritation, 619

anionic surfactants, 598
cleansers, 414–415

testing, 605–607
consumer testing, 458–460
surfactant penetration, 599–600
surfactants, 598–599

prediction, 535–537
Irritation tests

Bioprase, 400
Isethionate, 24
Isotretinoin

recessive X-linked ichthyosis, 195

Japan
cosmetic product control, 648–649
skin care market, 5

Jergen’s lotion, 436
Journals

peer reviewed, 27

Keratin, 385
Keratin/filaggrin interaction, 69–70
Keratinocytes, 32, 96
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photodamage, 157–158

Keratohyalin granules, 35, 65
Keratolinin, 97
Keratolytic compounds

comparative effects, 357–362
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in vivo, 359–360
stratum corneum

in vivo, 357–359
Keratolytics, 355–356

recessive X-linked ichthyosis, 195
Kligman, Albert, 23
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Label, 1–2
Labeling

European Community Cosmetics
Directive (76/768/EEC), 641

safety assessment, 616
Lactic acid, 19, 248–249, 330–331,

335–336
dry skin, 262–263
NMF, 330–331
recessive X-linked ichthyosis, 195

Lamellar
ichthyosis

treatment, 195–196
Lamellar bodies, 35, 38
Lamellar ichthyosis, 137, 189–192

prenatal diagnosis, 196
treatment, 195–196

Langerhans cells, 32
Lanolin

emollients, 231–232
long term effects, 231
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LAS, 542
Laser Doppler capillary blood flow

detector, 148–150
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