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Wededicate this book to everyone who believes beauty is more than
skin deep.
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Foreword

We will all live decades longer than our grandparents and parents and will
have better health in our later years. With this enhanced longevity, we all
want to look as young as we feel. Especially because we are inundated
with images of youthful beauty on television, in films, and in glossy
fashion magazines, we feel social pressure to improve our appearance.
Aspiring to maintain "eternal youth" and to look good is not new and is not
just superficial "vanity." Our human nature dictates that we take care of
ourselves and enhance our appearance. Throughout history, women from
Cleopatra to Marie Antoinette to today's movie stars have used cosmetics
and nutrients to beautify and rejuvenate. Indeed recent psychological studies
have proven that the better we look, the better we feel, and the healthier,
happier, and more productive we become.

Today in the United States the number of over-45-year-olds is growing
at three times the rate of the general population. To meet this demand, the
cosmetic, nutrition, and health care industries have created an enormous
variety of anti-aging nutritional products, supplements, topical treatments,
and medical and cosmetic procedures .. Information and misinformation
abound. Sales representatives and retail clerks, popular press editorials
and advertisements, television commercials and infomercials, news and
beauty segments, home shopping networks, and the internet-all present
nutritional supplements and skin care products promising beautification
with reversal of the appearance of aging. How can we navigate our way
through this labyrinth of claims and counterclaims?

Over 25 years ago, the prominent dermatologist Dr. Albert Kligman
defined the category "cosmeceuticals" to describe topical formulations
that improve the appearance of the skin by actually altering the function
of the skin in a scientifically measurable way. More recently the terms
"nutricosmetics" or "nutraceuticals" have defined foods and dietary sup
plements that benefit the health and beauty of the skin by directly affecting
mechanisms and metabolism. Such cosmeceuticals and nutricosmetics are
not subject to the stringent criteria and costly studies required for "drugs"
in order to provide scientific and medical proof of safety and efficacy for
approval by the U.S. Food and Drug Administration. Therefore, while
savvy marketers promote products based loosely on science, consumers
and even physicians cannot truly judge the merits of most claims.

This text, Nutritional Cosmetics: Beauty from Within, edited by
Aaron Tabor, MD, and Robert M. Blair, PhD, presents for the first time
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XXVi FOREWORD

a compendium of the science behind dietary ingredients with the potential
to benefit the health and therefore the appearance of the skin. The authors
are medical doctors and scientists from academia and industry who recog
nize that careful, controlled studies are required to demonstrate efficacy of
specific ingredients in humans, even after mechanisms of action are dem
onstrated in in vitro and in animal models. Furthermore, substantiation of
each specific formulation of each product applied topically or taken orally
is of utmost importance. The molecular form and the purity of the active
component, the concentration, the vehicle, the pH, and the coating all
affect the absorption and activity and therefore the efficacy.

This text opens with chapters describing in detail the structure and the
physiology of the skin as well as the ethnic variations in certain properties
and disorders of the skin and differences in cultural practices. In the fol
lowing chapters, we realize that, amazingly, even several decades ago, we
did not understand that environmental pollutants affect the skin, par
ticularly sun exposure and smoking. These chapters summarize current
research on mechanisms and consequences of these external onslaughts,
particularly describing recent discoveries regarding the distinction between
intrinsic, natural aging and extrinsic, premature aging, elucidating distinct
clinical manifestations and mechanisms of each. With this review of skin
physiology, how nutricosmetic ingredients can be studied to prove efficacy
can be understood.

The rest of this book compiles evidence and verification as previously
published in the scientific and medical literature as well as internal studies
by industry about dietary ingredients with potential for skin health
including those already being applied topically. With this documentation,
the reader will recognize that there are indeed nutritional supplements that
have scientific substantiation of preventing and reversing aging, of protect
ing, of moisturizing, and of treating specific problems of the skin.

The most comprehensively researched nutricosmetics are antioxidants
(vitamins C and E, carotenoids, coenzyme QlO, as well as botanicals such
as the polyphenols [catechins] in green tea, the tannins and ftavanoids in
pomegranate, resveratrol in grapes, anthocyanins in berries, silibinin in
milk thistle, carnosic and rosmarinic acids in rosemary, and genistein in
soy), as well as antioxidant enzymes and trace mineral cofactors for these
enzymes (such as selenium and zinc). Studies on each of these are
excellently and comprehensively reviewed.

Certain nutricosmetics affect epidermal moisturization and barrier
function and/or the extracellular matrix. Some ingredients can increase
synthesis of collagen and prevent the UV-induced degradation of collagen
and elastic tissue by matrix metalloproteinases; others increase fibroblast
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proliferation and cell turnover and may even induce signaling for cellular
differentiation or apoptosis. A review of evidence that amino acids,
ceramides, and other plant extracts can influence epidermal moisturization
and dermal mechanisms is presented.

One important chapter summarizes the benefits to the skin of probiotics
(living microorganisms), which influence the composition ancl/or metabo
lism of the endogenous gut and skin microbiota. By modulating immune
function, probiotics are prophylactic and therapeutic for atopic dermatitis,
skin sensitivity, and food allergies. Lactobacillus johnsonii protects Langer
hans cells from depletion after UV radiation, whereas Lactobacillus pesod
oris inhibits odor-producing bacteria of the gut and armpits.

Numerous epidemiological studies link the abundance of particular
nutrients with disease prevention and improved health. Armed with these
correlations, doctors and scientists have incorporated certain of these
nutrients into topical and oral formulations to improve the health and
appearance of the skin. This text comprehensively reviews research on
nutrients for which there is evidence of benefit to the skin "from within."
Future skin care will undoubtedly focus on these cosmeceuticals and
nutraceuticals. In confirming that we can indeed achieve "beauty through
science," this book is a springboard to stimulate new ideas and future
research.

Karen E. Burke, MD, PhD
Department of Dermatology
Mount Sinai Medical Center

New York, NY, USA



Preface

Nutritional cosmetics, more commonly referred to as nutricosmetics,
embraces the idea that beauty can be enhanced through the consumption
of functional dietary products that may support healthier and thus more
beautiful skin. The term nutricosmetics appears to borrow from the terms
nutraceuticals and cosmeceuticals to reflect the goal of these products, that
is, to provide health and beauty benefits to the skin via nutritional products
consumed on a regular basis.

The idea that food or other dietary ingredients can support healthy skin
and beauty has existed for ages. Some of the earliest dietary products mar
keted for skin health and beauty included Merz Spezial-Dragees in 1964
and Oenobiol's Solaire in 1989. Despite these early forays into the nutri
tion and beauty arena, the market for nutricosmetic products has only
recently begun to take off with any real force. A recent market research
report by Kline & Company indicates that the global nutricosmetic market
is valued at $1.5 billion with the vast majority of that due to the markets in
Japan and Europe. According to Euromonitor International, the market for
nutricosmetics was $2.1 billion, which was only 3% of the overall skincare
market, suggesting that nutriticosmetics is still very much an emerging
market. In fact, various market analyses suggest that the market for nutri
cosmetic products will continue to increase at a substantial rate.

At the moment it appears that the marketing of nutricosmetics is ahead
of the science for these products and ingredients in general, though that is
not to say that quality research has not been done on some nutricosmetic
ingredients. To date, there are a multitude of ingredients now being mar
keted for their purported skin health and beauty benefits and their utility
for incorporation into nutricosmetic products. These ingredients often are
marketed based on their antioxidant capacity and the resulting inferred
skin benefits. However, in many cases no research on their actual derma
tological benefits has been published or conducted. Nonetheless, many of
these ingredients are already being applied topically with positive results,
so it would not be totally surprising if oral consumption produced similar
effects.

A look into the peer-reviewed scientific literature reveals an emerging
body of evidence in support of the potential benefits of nutritional products
for skin health. The studies are wide ranging and explore the effects of
ingredients on both mechanistic endpoints (antioxidant capacity, anti
inflammatory properties, modulation of enzymes involved in extracellular
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matrix restructuring, etc.) and functional endpoints (anti-wrinkling, reduction
of erythema, skin hydration, etc.). While the science in this area is quickly
emerging, it is far from extensive enough to provide definitive conclusions
at this time. In addition to the growing body of evidence published in the
scientific literature, a plethora of information has been presented only in
industry white papers or marketing materials. These materials show the
promise of many of the marketed ingredients and also provide a great starting
point for more definitive studies.

The purpose of this book was to compile the scientific evidence show
ing the potential benefits of at least some of the better-studied nutricos
metic ingredients. We started this project by searching the peer-reviewed
literature for nutritional ingredients with evidence of skin health benefits.
We additionally contacted several industry leaders currently marketing
nutricosmetic products backed by scientific research. The response from
the thought leaders in this field was overwhelming and the result is this
compilation of excellent contributions that delve into the science behind
dietary ingredients for improved skin health.

It is apparent that consumers today are very well informed and take
their personal care very seriously. More and more consumers are looking
for products that are both environmentally friendly and provide specific
health benefits that meet their specific needs. With this interest in the
potential health benefits of the products they consume, the importance of
the science behind the products will continue to grow. While many func
tional ingredients will initially do well in the market based on their nov
elty, we believe that ingredients and products with sound science behind
them will lead the way in the field of nutricosmetics.

Aaron T. Tabor, MD, and Robert M. Blair, PhD
June 2009



Introduction

Aaron Tabor, MD, and Robert M. Blair, PhD

Physicians Pharmaceuticals tnc., Kernersville, NC, USA

1.1 What is "Nutritional Cosmetics"?

Nutritional cosmetics, which is probably better known in the industry as
nutricosmetics, encompasses the concept that orally ingestible dietary
products may support healthier and thus more beautiful skin. This is not
totally unlike the term nutraceutical; however, this latter term typically
refers to foods and dietary supplements that support better overall health.
Similarly, the term cosmeceutical refers to products generally designed for
topical application and which contain active ingredients with benefits for
improved skin health.

The term nutricosmetics appears to borrow from the terms nutraceuticals
and cosmeceuticals to reflect the goal of these products, that is to provide
beauty and health benefits to the skin via nutritional products consumed on
a regular basis. This concept encompasses a unique amalgamation of the
nutrition and personal care industries.

More and more nutricosmetic products are reaching the retail shelves
and can be found as functional beverages (e.g., NutriSoda from Andrea
Beverage Co., Skin Balance Water from Borba), dietary supplements (e.g.,
Murad's Firm & Tone dietary supplement, Perricone's Skin & Total Body
dietary supplement), and functional foods (e.g., Danone's Essensis beauty
yogurt, Ecco Bella's Chocolate Instant Bliss Beauty Bar).
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1.2 The Nutricosmetic Market

INTRODUCTION

While the idea that dietary ingredients can support healthy skin and beauty
has been around for some time, it seems that it is only now receiving much
attention. As such, the market for nutricosmetic products has only recently
begun to take off with any real force. According to the 2006 Datamonitor
report "Seeking Beauty Through Nutrition" (from Seaton T. Wellness trends
in personal care. Beauty from the Inside & Out 2006; 1:16-22), sales of
oral beauty supplements in 2005 was $742 million in the United States,
$224 million in France, $162 million in Germany, and $95 million in the
United Kingdom. Expected growth oforal beauty supplement sales through
the year 2010 ranges from approximately 7% to 12%.

According to this article, the Datamonitor report further indicated that
half of the survey participants considered themselves conscious of skin
nutrition, while nearly half of the respondents believed that what they ate
could have just as much effect on skin health as topical products. With this
belief and consumers' ever-growing interest in the science behind the
products they choose, we believe that ingredients and products with sound
science behind them will lead the way in the field of nutricosmetics.

1.3 "Nutritional Cosmetics: Beauty from
Within"-An Overview

There are a multitude of ingredients now being marketed for their
purported skin health and beauty benefits and their utility for incorporation
into nutricosmetic products. These ingredients often are marketed based
on their antioxidant capacity and inferred skin benefits, though little or no
research on their dermatological benefits has been published. However,
many of these ingredients are already being applied topically with a reduc
tion in wrinkles, so it is not that much of a surprise that oral consumption
may produce similar effects.

Nonetheless, there are quite a few dietary ingredients with scientific
backing for their potential skin health benefits. Though some of this
evidence has been published in the scientific literature, a plethora of infor
mation has been presented only in industry white papers or marketing
materials. The purpose of this book is to compile the scientific evidence
showing the potential benefits of at least some of these nutricosmetic
ingredients. By including the efforts of both academic and industry inves
tigators, we believe that the presentation of the known scientific data with
new information brings the state of nutricosmetic science up to the present
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and provides a foundation from which to generate new ideas and informa
tion. Where possible, information specifically about the benefits of ingre
dients consumed orally for skin health is presented.

Part I of this book consists of four chapters that provide an excellent
overview of skin biology, including an in-depth look at the structure and
function of skin and its components by Dr. Leonardo Celleno, an examina
tion of ethnic skin by Dr. Chesahna Kindred, and overviews of both natural
(Mr. Danny Zaghi) and premature (Dr. Jean Krutmann) aging of the skin.

In Chapter 5, Dr. Pierfrancesco Morganti discusses the concept of "beauty
from within" and the integration of functional foods with cosmeceuticals for
total body beauty from the inside and the outside. Vitamins and minerals
have been reported to have healthful benefits for the skin. These are explored
in Chapters 6 (Dr. Myriam Richelle) and 7 (Dr. Bruno Berra).

One of the most popular categories of nutricosmetic ingredients is the
antioxidants. These ingredients have been proposed to support skin health
and beauty through their ability to suppress and/or reverse oxidative dam
age to the skin caused by such stressors as UV light from the sun. Some of
the more popular and efficacious ingredients are examined in Part 4 of the
book, which starts off with an excellent overview of the potential benefits
of botanical antioxidants by Dr. Mohammad Abu Zaid. which briefly
touches upon the role of several specific ingredients. This part of the
book also includes chapters on carotenoids (Dr. Pierfrancesco Morganti),
coenzyme Q 10 (Dr. Yutaka Ashida), healthy fruits (Dr. Francis Lau), olive
fruit (Dr. Aldo Cristoni), and the skin's natural antioxidant enzymes
(Dr. Nadine Pomarede).

One of the more important aspects of healthy looking skin is a smooth
appearance. However, a smooth appearance can be difficult to maintain
without a firm foundation and proper hydration. Dr. James Varani and Dr.
Zoe Oraelos discuss the importance of these aspects. Natural dietary ingre
dients that may support a firm skin foundation and proper skin hydration are
discussed in Parts 5 and 6 of the book. A firm, skin-supporting foundation
may be boosted with ingredients that are precursors to the skin's extracel
lular matrix like amino acids. Additionally, ingredients that stimulate colla
gen synthesis and inhibit enzymes responsible for the breakdown of the
extracellular matrix may support the skin's foundation. Proper hydration is
important for both the skin's barrier function and for a smooth appearance.
Such ingredients as rice ceramides and tocotrienols are discussed in this
regard. Additionally, ingredients that support fibroblast proliferation and cell
turnover may lead to smoother, healthier-looking skin.

In addition to dietary ingredients that may help support a firm foun
dation and good skin hydration. a number of other ingredients have been
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shown to have potential benefits for overall skin health and appearance
through a variety of possible mechanisms. Dr. Audrey Gueniche discusses
the potential skin health benefits of probiotics, which may function
by supporting a healthy immune system and having beneficial effects on
skin reactivity. Additionally, the potential benefits of whey protein
(Dr. Petra Caessens), rosemary (Dr. Majda Hadolin Kolar), and soy
(Dr. Robert Blair) are discussed.

According to the American Cancer Society, most of the non-melanoma
skin cancer cases in the United States are considered to be sun related. The
risk of skin cancer can be reduced by following a number of sun-safety
rules, including avoiding the sun during the middle part of the day, cover
ing your skin with light clothing, wearing a hat, and using sunscreen.
There is increasing evidence that dietary ingredients may also have some
beneficial effects related to photocarcinogenesis. In the final part of this
book, Dr. Suchitra Katiyar and Dr. Manjinder Kaur discuss the potential
benefits and mechanisms of action of green tea and milk thistle, respectively,
for the protection against sun damage and photocarcinogenesis.

The combined efforts of these exceptional authors have allowed us to
present much of the current scientific evidence surrounding the potential
benefits of some of the most-researched nutricosmetic ingredients. We
believe that as the market for nutricosmetics grows, the importance of the
scientific support behind these and new ingredients will continue to be
critical.

We hope that you find this book a solid addition to your library.
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"The skin draws the line between the end of the organism and the begin
ning of the world outside. Internally, the skin shelters and protects all the
physiochemical phenomenon necessary for life, externally it is a barrier
against mechanical forces, both physical and chemical, which can be hos
tile to life. The most important role of the skin both for man and for every
other organism, vertebrate or invertebrate, unicellular or multicellular, is
to create an obstacle for all those things outside the organism: the rest of
the world.

"If life were hermetically sealed, like a pod, survival would be impossible
for a being that depended on the outside world. An organism must,
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therefore, develop in relation to the environment in which it must live
and with which it must communicate. So, the barrier which protects the
organism from the outside, must at the same time inform the interior of
all that is occurring outside itself. It is the perfect balance of these two bar
rier functions that determines survival," Furthermore, human skin acts as
an organ of attraction between individuals. The appearance of the skin and
hair is the "first image" that others have of us. Personal expression changes
with variations in the condition of our hair and skin, whose appearance is
derived from their intrinsic well-being. Modern cosmetology has the task
of interacting with physiology in maintaining its "good condition."

1.2 The Structure of the Skin

1.2.1 Macroscopic Characteristics

The skin is the largest, most extensive organ of our body. In fact, the
average adult has about 170-200 crrr' of skin with a weight that varies
between 15 kg and 17 kg (obviously varying according to the subject's
height and dimensions).

The thickness of the epidermis, the outermost layer of the skin, can be
from 0.5 mm in the thinnest areas (the eyelids, for example) to 4-6 mm at
its thickest points (as on the palm of the hand and the sole of the foot).
This thickness parameter becomes especially important when a substance
is applied to the skin, be it a pharmaceutical or cosmetic product. In fact,
once in contact with the skin any substance can penetrate the cutaneous
barrier in a way directly proportional to the skin's thickness at that
point.

The skin, even if it appears smooth and compact to our eyes, is in reality
marked over its entire surface by grooves, some shallow, others deeper,
which by their layout mark many small polygons (Fig. 1.1). On the palm
of the hand and the sole of the foot these grooves (dermatoglyphics)
have become so evident as to characterize each individual and so unique
that they are a distinct identification for each person. These apparently
unimportant grooves are, however, necessary to accomplish an essential
function-that of permitting the skin to stretch; if the skin were completely
smooth, many of our movements would be impossible (Fig. 1.1).

The skin tissue houses within its structure other important constituents:
hairs, nails, etc. (the skin's annexes). Even with the naked eye one can
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Figure 1.1 Human skin as seen with the scanning electron microscope.

see that (with the exception of the palm and sole) the whole of the skin is
covered with hairs. In some areas the hairs are more developed and more
coloured, as on the scalp, in the pubic region, and in the armpit. In other
areas they are finer and much paler. These characteristics vary above all
according to sex but also with individual biology and in the presence of
certain pathologies.

Furthermore, tiny, invisible openings are found over the entire skin surface.
These are the outlets of the eccrine sudoriparous glands, which, together
with the apocrine sudoriparous glands and the sebaceous glands, will be
handled in more detail later.

1.2.2 Microscopic Characteristics

When we consider the skin in its entirety, three different superimposed
tissues can be identified (Fig. 1.2):

1. epidermis: the most external layer in contact with the
environment

2. dermis: below the epidermis it is the structural component of
the skin and the underlying organs
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Figure 1.2 Diagram of a skin section (from W. Montagna).

3. hypodermis: immediately below the dermis, composed of a
layer of adipose cells and representing a "cushion" of fat
between the skin and the organs underneath

The boundary between epidermis and dermis, the "dermo-epidermal junc
tion" (Fig. 1.2), is an "undulating" area resulting from many introflexions
of the dermis and extroversions of the epidermis, dermal papillae, and epi
dermic crests, respectively. Along the entire dermo-epidermal junction
there is a thin membrane, the "basal membrane." The interconnection of the
dermic papillae and epidermic crests is made functional by the presence of
the basal membrane; this junction is a true structure fundamental for the
relationship that exists between exchange and semipermeable barrier
between the epidermis and the dermis and, consequently, also between the
external environment and the internal organs. This boundary changes from
zone to zone: it is flatter in the area of the forehead and highly accentuated
on the back and on the soles of the feet.

The basal membrane (dermo-epidermal junction) is really a complex struc
ture formed of many components: the cytoplasmic membrane of the basal
keratinocytes, two thin layers (the lucid layer and basal lamina), and finally
a fibrous structure in contact with the dermis. Toward the innermost side
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ofthe basal membrane there are special structures called "emidesmosomes,"
which have an anchoring function. The fibrous structures below the basal
lamina are of dermal origin and ensure the correct adhesion between
epidermis and dermis.

We will now examine the epidermis, dermis, and hypodermis individually
as each one contributes to the physiology of the cutaneous organ through
its specific functions.

1.2.3 The Epidermis

The epidermis is composed of different types of cells that overlap, not ran
domly but in a well-defined manner. There are four different cell types:

1. keratinocytes
2. melanocytes
3. Langerhans cells
4. Merkel cells

1.2.3.1 The Keratinocytes

The "keratinocytes" are the predominant cell type and owe their name to
the characteristic protein they produce in the course of their life, "keratin."
This protein is responsible for specific, important skin functions.

Keratinocytes are formed, grow, and die "rising" toward the surface of
the epidermis. Gradually as they mature they gain particular morphologi
cal characteristics. This mechanism is defined as "epidermal cell turn
over" and is the basis of the continuous and incessant renewal of the
epidermis.

Under the microscope the epidermis is an obvious superimposition of cell
layers, each clearly different from the others, these being the maturing
phases of the keratinocytes (Fig. 1.3).

The basal layer is composed of a single line of more or less cylindrical
cells that are densely packed and adherent to the basal membrane. These
cells show intense metabolic activity due to their rapid division. They are
in fact the "parent" cells of all the epidermal keratinocytes and thanks to
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Figure 1.3 Image of a skin section seen under the light microscope,
from the dermis to the upper epidermis (semi-thin section). The different
layers of the epidermis are well visible. In the dermis istyocites and
between the dermal fibres are other dermal cells.

their continuous division they are able to replace all the surface cells,
which are continuously lost by exfoliation. Situated above the basal layer
is the spinous layer (or Malpighian layer) formed by many layers of
polygonal cells (moving upwards, the keratinocytes tend to flatten) that
have already begun to produce keratin. Keratin, as previously mentioned,
is the structural protein specific to the epidermis. The chemical structure of
this protein makes possible certain fundamental functions of the skin:
resistance against environmental attack and its impermeability to substances
with which it comes into contact.

Under the microscope the keratinocytes of the spinous layer are seen to
bear thin "spines" that protrude from the cell membrane. It is from this
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characteristic that the spinous layer derives its name. The cellular spines
are really firm points of contact between one cell and another.

Proceeding to the surface one finds the granular layer, where the various
lines of largely polygonal, but by now flattened, keratinocytes contain
"granules" in their cytoplasm. The granules are aggregates of keratin, pro
duced in abundant quantities by the keratinocytic cells of the granular
layer.

From this point on the keratinocytes mature, changing their function and
also their morphology: from polygons they tend to become squashed and to
lose their regular shape, and they become less active and accumulate intra
cellularly large quantities of keratin. So in the next layer, the lucid layer, is
formed of one or two strata of keratinocytes. The cells are flat, without
either a nucleus or other cytoplasmic organelles, and contain a characteris
tic homogenous substance called "eleidin," This layer is found only in cer
tain areas of the skin, namely the palms of the hand and soles of the feet.

This last formation of keratinocytes constitutes the horny layer. In this
area the keratinocytes take the name of "corneocytes" and possess par
ticular characteristics. They are completely without metabolic activity
(due to the loss of the nucleus and cytoplasmic organelles), contain large
amounts of keratin, and possess a peculiar cell structure, resembling
"leaves" tiled one on top of the other.

In the most external layers the corneocytes gradually lose their cohesion
and are desquamated, to then be replaced by keratinocytes pushing up
from the underlying layers.

1.2.3.2 The Melanocytes

Interposed between the keratinocytes of the basal layer there are "melano
cytes" (Fig. 1.4) that synthesize "melanin," the pigment responsible for skin
colour. The number of melanocytes can vary according to body area and are
usually present as a ratio of the number of keratinocytes: it has been cal
culated that one melanocyte is present for every 5-10 keratinocytes.

The embryologic origin of the melanocytes is different from that of the kera
tinocytes, melanocytes being derived from the "neural crest," the structure
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Figure 1.4 (a) Diagram of a melanocyte. (b) Electron microscope image
of a melanosome in the cytoplasm.

from which the nervous system will develop. During growth of the embryo
the melanocytes migrate from the neural crest toward the skin surface.

In order to fulfil their function the melanocytes have a very special cell
structure. They possess long, thin extensions called "dendrites" that begin
at the cytoplasmic membrane and infiltrate between the keratinocytes of
the basal and spinous layers.
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On stimulation by the sun's ultraviolet rays, the melanocytes begin to
produce melanin, which is absorbed into special cytoplasmic bodies
called "melanosomes." At this point the melanocytes distribute the mel
anosomes to all neighbouring keratinocytes using the cellular dendrites as
a means of transport. The melanin pigment enclosed in the melanosomes
passes out through the melanocyte cell membrane and enters the adjacent
keratinocyte cells. In the keratinocytes the melanosomes position them
selves around the nucleus, almost as an "umbrella," forming a defence
against ultraviolet rays. The distribution of melanin from the melano
somes to the keratinocytes is responsible for the phenomenon of tanning
on exposure to the sun.

The differences in skin colouring between individuals and between one
race and another does not depend on the number of melanocytes but sim
ply on a higher synthesis of melanosomes within the cell. Therefore, an
individual of negroid race has the same number of melanocytes as an
individual of the caucasian race, but possess melanocytes that synthesize
a greater number of melanosornes and, consequently, a larger quantity of
melanin.

1.2.3.2.1 Biochemistry ofMelanin

Melanin is the pigment contained in the structures called melanosomes
produced by the melanocytes. It is transferred to the surrounding epi
dermal keratinocytes, which maintain functional contact forming an
epidermal melanin unit. Each melanocyte provides melanosomes to a
group of about 36 keratinocytes, melanocytes being responsible for the
skin's colouration.

There are different types of melanin classifiable into two main groups:

1. black and brown eumelanins (insoluble in all solvents)
2. red-brown pheomelanins (soluble in alkaline solutions)

There is also a third group of melanins called trichochromes, which are
intermediate between the other two groups and are found in brown-haired
individuals.

Eumelanins are pigments containing nitrogen groups, whereas pheomel
anins, in addition to having nitrogen groups, also contain sulphydril
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Table 1.1 Summary Table of Skin "Phototypes"

Phototype

I
II
III

IV

V
VI

UV Sensitivity

Elevated
Elevated
Medium

Low

Very low
None

Sun Exposure Response

Always burns, never tans
Burns easily, tans minimally
Burns moderately, tans gradually to

light brown
Burns minimally, always tans well to

moderately brown
Rarely burns, tans profusely to dark
Never burns, deeply pigmented

groups. The two groups are derived from tyrosine through processes
whose initial steps are common to both. Tyrosine is oxidated to 3,4
dihydroxyphenylalanine (DOPA) and subsequently to dopaquinone by
the same tyrosinase. The eumelanins are formed by the transformation
of dopaquinone to cyclodopa to dopachrome to 5,6-dihydroxyindol
through oxidative polymerization processes or to 5,6-dihydroxyindol
2 carboxylic acid.

The pheomelanins' structure is composed of benzothiazolic groups and
tetrahydro-isoquinoline groups. The first two reactions in their formation
are the same as those for the eumelanins. Dopaquinone is then trans
formed into 5 cysteinyldopa, which is transformed in its tum to cis
dopaquinone to cyclocisdopaquinonimin, benzothiazinylalanine, and so
to pheomelanin.

It is interesting to note that cysteinyldopa can be found in the plasma and
urine in patients with melanoma though its significance remains unknown
and controversial.

The presence of different types of melanin determines an individual's
pigmentation and, consequently, their response to light. As a result sub
jects can be divided into different "phototypes" (Table I. I ).

1.2.3.3 Langerhans Cells

These cells are situated above the basal layer and, like the melanocytes, have
a dendritic appearance. Unlike the other two cell types in the epidermis,
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the Langerhans cells are visible under the microscope only when stained.
Their function is one of "immunocompetence," that is, they belong to the
organic defence system that unleashes a rapid response against "attack" on
the human organism. The Langerhans cells unite against exogenous anti
gens and "present" them to both skin and lymph-node T lymphocytes.
They are also involved in immune surveillance against viral and tumour
antigens. They are thought to be involved in the genesis of skin neoplasia
caused by the action of ultraviolet rays, which damage the cells and inhibit
their immune surveillance functions.

1.2.3.4 Merkel Cells

These cells are found mainly in certain areas of the body: the fingertips,
the oral mucosa, the lips, and the hair follicles. They are easily visible
under the electron microscope and are always associated with a nerve
fibre. For this reason Merkel cells are considered as "tactile receptors,"
that is they are the structures responsible for our sense of touch. However,
in man this ability has not yet been clearly proven.

1.2.4 The Dermis

The dermis (Fig. 1.3) is positioned below the epidermis and is the tissue
that supports the skin and its annexes (hair, nails, etc.). Its thickness varies
from area to area, being thinnest on the eyelids and thickest on the back.
The dermis tends to become progressively thinner with age.

This layer is formed by cells, fibres, and ground substance, and, unlike the
epidermis, is richly innervated and vascularized. The most abundant cells
are the fibroblasts. These cells are the production site of the other dermal
components: both the fibres of the dermis and the ground substance are
synthesized within the fibroblasts. In addition to fibroblasts, mastocytes
(mast cells), lymphocytes, and histiocytes are present, which are mainly
concerned with immunocompetence.

The fibres produced by the fibroblasts are of different types, according to
the function that they perform:

• The collagen fibres are the most abundant fibres and are
collected together into variably orientated bundles. Under
the electron microscope these fibres show characteristic
transverse striations owing to their peculiar structure. The
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Figure 1.5 Collagen fibres in the dermis.

collagen fibres are composed of specific amino acids like
proline, hydroxyproline, and glycine, all positioned to form a
fibrous structure. The principle function of the collagen fibres
is to support the internal structure of the skin (Fig. 1.5).

• The elastic fibres form a loose mesh that is also only vis
ible with specific staining. The main component is a protein
called "elastin." The principle function of this type of fibre
is to provide the skin with the elasticity fundamental for all
our movements. Changes in or overextensions of these fibres
are the main cause of the phenomenon of "striae distensae,"
stretchmarks (Fig. 1.6).

• The ground substance of the dermis is the "cementing"
component, a group of different constituents combining to
compress the dermis structure. It is formed by substances such
as mucopolysaccharide acids (glycosaminoglycans, chemi
cally classifiable as complex sugars), hyaluronic acid, and
chondroitin sulphate. Glycoproteins, dermatan sulphate, and
keratin sulphate, for example, are also present. Glycosamino
glycans and other specific proteins form large molecular
aggregates termed "proteoglycans," Their main characteristic
is the ability to bind numerous water molecules, so producing
an amorphous gel that performs two essential functions:
allowing nutrients and oxygen down into the tissues and
protecting the dermal structure.
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Figure 1.6 Elastic fibres seen under the light microscope.

The morphological differences within the dermis allow it to be sche
matically subdivided into two zones: the papillary dermis and the reticular
dermis.

The papillary dermis is closest to the skin surface and, therefore, situated
just below the epidermis. This layer houses a rich capillary network respon
sible for the "nutrition" of the overlying epidermis and annexes. Nerve
endings are also present in the papillary dermis as both free, that is to say
"opened out" into many ramifying fibres, and corpusculated terminals.
Fibres are orientated in an irregular manner; the ground substance is
abundant and capillaries and lymphocytes are numerous.

The reticular dermis is situated deeper and is composed of large bundles
of collagen fibres arranged parallel to the epidermal surface. The cells
and ground substance are present in smaller quantities than in the papil
lary dermis and also vessels, especially arterioles and venules, are less
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numerous. The main function of the reticular dermis is to give greater
support to the skin structure.

1.2.5 The Hypodermis

The hypodermis (Fig. 1.7) is situated below the dermis and is composed
of "adipocytes" grouped into "lobes" separated by an area of connective
tissue. Arterioles and venules infiltrate the connective tissue and are
responsible for the nutrition of the hypodermis tissue.

Adipose cells are characterized by the remarkable quantity of lipids they
contain. These lipids are grouped into a single globule in the cytoplasm, so
large that the nucleus is forced to occupy a peripheral position.

The thickness of the hypodermis varies considerably according to the body
site, nutritional state, and sex of the individual. In fact, the distribution of
subcutaneous fat is a strictly hormone-dependant secondary sexual char
acteristic. The number of adipose cells changes in the first phases of child
development, at first increasing and then remaining stable. During puberty
in women there is an increase in subcutaneous fat predominantly in the

Figure 1.7 Adipocytes seen with the scanning electron microscope.
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area of the buttocks, hips, thighs and breasts. In men, on the other hand,
the increase in lipid content is in the area of the torso and abdomen.

Weight loss or increase is owed, not to an alteration in the number of adipo
cytes, but to a change in the lipid content of the adipose cells (Fig. 1.7).

1.2.6 Vascularization

Blood vessels have the task of distributing throughout the body the blood,
which reaches the cardiac muscle from the lungs. The heart allows the
distribution of oxygen-rich blood, necessary for the survival of all cells, to
all parts of the body.

Blood vessels can be subdivided into arteries, capillaries, and veins.
Arteries have the widest gauge and transport oxygenated blood from the
heart to the peripheral organs. The capillaries facilitate the exchange of
oxygen and nutrients from the blood to the tissues. They can be subdivided
in two different portions: the first, the arterioles, transport oxygenated
blood and nutrients to the tissues, and the second, the venules, collect
liquid and metabolic by-products. Finally, the veins carry blood, poor in
oxygen, to the lungs for re-oxygenation.

Together with the blood vessels there are the "lymphatic vessels," which
reabsorb intracellular fluid and drain by-products and cellular waste.
Lymph nodes are found along the lymphatic vessels, where immune cells,
dedicated to the body's defence, ensure that the fluid transported by the
lymphatic system is free from bacteria, germs, and harmful substances.

The skin has a vast vascular network subdivided into "plexuses" composed
of arteries, capillaries, and veins running parallel to the skin surface. The
dermis and hypodermis are vascularized, whereas the epidermis is com
pletely devoid of such vessels. The principle plexuses are the subepidermal
plexus between the dermal papillae and the deep plexus positioned between
the dermis and epidermis. Between the two parallel vascular networks
there are many linking vessels that allow the exchange of blood from
one plexus to the other. The capillaries from the subepidermal plexus are
close to the basal membrane and provide the epidermis with nutrients by
allowing the diffusion of oxygen and principle nutrients into the epidermal
cells. The arterial and venous sections of the capillaries are directly linked
by interconnecting vessels that provide "anastomosis." The opening of
these structures allows blood to pass directly from one section to the other,
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so excluding the capillary circulation. This complex vascular architecture
is necessary for the skin's essential function of thermoregulation, which
will be dealt with in more detail later.

1.2.7 Innervation

The nervous system is composed of a vast network of fibres that originate
from a central base, the brain, and go to all peripheral areas of the body
before returning to their source. The brain continuously receives and sends
stimuli throughout the body, so completely controlling all our bodily
functions.

Nerve fibres can be classified into three categories: motor fibres, sensory
fibres, and vegetative fibres. Motor neurons facilitate movement through
the stimulation of the muscles by the nervous system. Sensory neurons
collect tactile, thermal, and pain stimuli, etc., and transmit them back to
the brain for processing. Finally, the vegetative neurons control the activity
of the organs independently of our will (e.g., the intestine).

The skin is considered a "sensory organ" in that it allows us to relate to our
external environment and is, therefore, supplied with a rich system of
sensory neurons and obviously devoid of motor neurons. In the skin the
sensory neurons can be divided into two categories: free nerve endings and
corpusculated nerve endings. The former are found deep in the dermis
and end just below the epidermis. They are formed of "openings" of the
sensory nerve fibres and their function is to collect pain sensations. Corpus
culated nerve endings are formed by nerve fibre endings around which
other cells are arranged, so forming the so-called corpuscle structures. Inthe
skin the corpusculated nerve endings are the Pacini (which gather tactile
stimuli) and Meissner corpuscles.

Vegetative fibres, which are beyond the conscious control. innervate the
erector muscles of the hairs and eccrine and apocrine sweat glands. In fact,
the phenomena of "horripilation" (raising of the hair by contraction of the
erector muscles) and sweating are responses to temperature and emotional
stimuli that we cannot control.

1.2.8 Skin Annexes

The term skin annexes describes all those structures present in the skin
that are embryonically derived from the epidermis. The hair system, eccrine
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and apocrine sweat glands, sebaceous sweat glands, and nails are all
annexes of the skin.

1.2.8.1 The Hair System

The entire surface of the skin is supplied with hairs, but on the head the
hairs are longer and more pigmented. The structure of both head and body
hair is practically identical yet they differ in their physiological responses,
especially to hormones. Only two areas of the body, the palm of the hand
and the sole of the foot, are devoid of hairs.

Men and women have the same number of hair follicles, the organs that
produce the hairs. In fact, the "number" of hair follicles is all but equal
in all individuals, even the bald. In these subjects hairs are not completely
absent; it is only that they have become so small as to be invisible.

There are three types of hair:

1. vellus hair
2. terminal hair
3. lanugo hair

The lanugo is the thin and unpigmented hair present in the foetus before
and just after birth, which is subsequently transformed into terminal hair
(like that of an adult). Vellus hair is that present in women, adolescents,
and also on the scalp of bald individuals. All three hair types have the same
structure and even the same histological profile.

1.2.8.2 Anatomy and Histology of Hair

Hairs develop from the hair follicles (Fig. 1.8(a», which are true organs
formed by the invagination of the epidermis during the foetal development.
These organs (Fig. 1.8(b» are divided into three main parts:

1. The infundibulum is the portion from the opening on the skin
surface to the mouth of the sebaceous gland duct.

2. The isthmus is the section between the sebaceous gland duct
and the point of intersection with the hair erector muscle.

3. The inferior portion extends from the erector muscle to the
bulb of the hair follicle.
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Figure 1.8 (a) Diagram of a hair follicle (from W. Montagna).
(b) Semi-thin section of a hair bulb.

The hair root is a generic term that includes all of the inferior portion and the
isthmus (Fig. l.8(a)). The bulb is the enlarged terminal part of the hair fol
licle in the root (Fig. 1.8(a) and (b)). The root produces the hair shaft, which
is defined as the hair structure visible above the skin surface. Below the bulb
the dermis re-enters the hair follicle, producing the dermal papillae, as the
hair follicle is formed by introtlexions of the epidermis; this re-establishes
the junction with the dermis. In this way the hair follicle is surrounded by the
basal membrane. In this region it is particularly thick and assumes the name
vitreous membrane, because together with the basal membrane it forms a
kind of connective sheath that surrounds the whole follicle.

The part on the hair follicle between the bulb and the isthmus is known as
the keratogenous zone. The maturation of the cells that produce the hair
shaft occurs in this area.

The most important part of the hair follicle is the bulb. In the basal layer,
immediately above the papillae, cells continuously divide and begin their
ascent. Slowly as this process proceeds the cells subdivide in the layers
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that make up the follicle. In fact, if a hair is cut perpendicularly to the
follicle one can easily see how, independently of the zones and structure
described earlier, each of these is formed by the union of layers and from
inwards towards the outside of the follicle we can recognize (Fig. 1.9(a)
and (b) the following layers: the medulla, cortex, and cuticle. These
three layers form the hair shaft.

The cuticle is followed by the cuticle of the internal epithelial sheath,
Huxley's layer, and Henle's layer. Beyond these layers the external
epithelial sheath begins and this, too, is composed of cell layers becoming
increasingly thinner from the epidermal surface to the bulb.

In the germinative layer, or hair matrix, the keratinocytes are in contact with
melanocytes, which are present only in this region. Here the melanocytes
produce the pigment that will give rise to our hair colouring.

The connective sheath also envelops the sebaceous gland and the hair erec
tor muscle. The latter structure, important in furry animals in controlling
the angle of the hair and so regulating heat exchange, is all but useless in
man-nevertheless, this thin muscle is able to raise the hair. The follicles
are set obliquely to the skin's surface (Fig. 1.8(a» and the erector muscle,
by contracting and nipping both the follicle and the epidermis, is able to
raise the hair. This is the phenomenon of horripilation, commonly called
goose flesh, which occurs during shivering due to cold or fear.

1.2.8.3 The Hair Life Cycle

Hairs live according to particular cycles. They do not all grow together and
consequently their life and loss are staggered. In furry animals "hair"
growth and loss are synchronized, allowing these animals to change their
fur entirely with the seasons. Inman, on the other hand, hair lives in a way
that is defined "mosaic."

There are approximately 180,000 hairs on the scalp. The cycle of each
hair is staggered with respect to the others and thus each is at a different
phase of growth. Three distinct phases can be identified in the hair life
cycle (Fig. 1.10):

I. anagen or growing phase
2. catagen or quiescent phase
3. telogen or loss phase
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Figure 1.9 Scanning electron microscope image of the hair shaft
showing the keratin "tiles": (a) hair shaft at the emerging point; (b) hair
shaft.

The growing phase (anagen) lasts about three years and involves 90-95%
of the hair at anyone time. During this period the cells of the matrix
divide continuously and the hair shaft grows in length. After this phase
the hair follicle enters a resting state that will normally last about three
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Figure 1.10 Diagram of the hair life cycle.

months. During this period, which will daily involve approximately 13%
of the hair, the follicle undergoes profound changes and the bulb becomes
thinner and loses its connections with the papilla. Later in catagen the
follicle can regain the growing phase or enter the final stage (telogen). If
the latter occurs a new hair follicle will develop at the bottom of the old
one after approximately three weeks. This new growth pushes the old hair
out of the follicle, which is subsequently lost. One percent of the hairs in
the telogen phase are lost daily and therefore, even in healthy subjects,
100-180 hairs can be lost in a day. The important thing is that these hairs
get replaced by new ones.

1.2.8.4 The Tricogram

Knowing the percentage of hairs normally found in the three growth
phases, it is possible to establish whether an individual has some illness
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that has brought about an increase in hair loss. With this method, known as
a tricogram, it can be determined whether the three stages are regular or,
in the event of a problem, which is over- or under-represented.

To perform the test a sample of at least 100 hairs are taken and observed
under the microscope. The number of hairs in each phase is then deter
mined. An increase in the telogen phase will consequently be indicative of
a real increase in hair loss.

1.2.8.5 Alopecias

Hair loss or thinning is known as alopecia. There are three types:

1. noncicatricial or dysfunctional alopecia
2. cicatricial or destructive alopecia
3. hair breakage alopecia

Dysfunctional alopecias are the most frequent forms, with both common
baldness (androgenic alopecia) and temporary hair loss (telogen effluvium)
belonging to this category. The latter condition very often occurs after
giving birth. Destructive alopecias are those conditions of the scalp that
may be either congenital or acquired. This group also includes all those
alopecias caused by any "trauma" leading to scarring of the scalp.

Hair breakage alopecias can also be either congenital or acquired. Acquired
forms include the tricoressi nodosa that can follow aggressive cosmetic
treatments like, for example, excessive heat or over-energetic brushing.

1.2.8.6 Cutaneous Glands

The skin is supplied with three types of glands, all of which are formed
from the epidermis during foetal development.

1.2.8.7 Sebaceous Glands

These are defined as holocrine glands due to the secretions they produce.
The secretions are particularly thick and rich in organic substances and
their production brings about the destruction of the gland cells themselves.
With the exception of the palms and the soles of the feet, sebaceous glands
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are present all over the skin. They are always connected to a hair follicle,
but in some areas like those around the anus, genitals, eyelids, and lips,
they are directly connected with the skin surface because in these regions
an adequate protection and lubrication must be guaranteed. This applies to
man as much as to other mammals.

The sebaceous glands are not uniformly distributed over the body, some
areas-the face, the back, and the torso-s-are particularly richly endowed,
so much so that their density can reach over 200 glands per crrr', In other
areas, such as the front of the leg, they are at their least dense and are
found at less than 40 glands per crrr'. This non-uniform distribution of the
sebaceous glands is the main difference responsible for both the different
skin types and so-called combination skin.

1.2.8.7.1 Anatomical and Histological Features

The sebaceous glands are defined as being ramified-alveolar because
their structure resembles a bunch of grapes, each grape (alveolus) con
nected by a stem to the main branch of the bunch (Fig. 1.11(a) and (b)).
The entire gland, like the hair follicle, is surrounded by a connective
sheath that invaginates to surround even the individual alveoli. A few
alveoli become surrounded by the connective sheath and form a lobe, as
if several alveoli were held together by a thin membrane. The alveolus is
the secretory unit of the gland. The cells that constitute the outer layer of
this region and are in contact with the connective sheath divide and mul
tiply, progressing toward the centre of the alveolus and beginning sebum
production.

Each alveolus ends in a small excretory duct that collects the sebum pro
duced by the rupture of the mature cells. The alveolar ducts unite at the
excretory duct of the different lobes, the lobe ducts coming together to
form the common excretory duct, which opens into the hair follicle at the
base of the infundubulum (Fig. 1.11 (a) and (b)). This way hairs are already
covered with sebum before they emerge from the skin surface.

In areas where the sebaceous glands are not associated with a hair follicle
the excretory duct opens directly onto the skin surface. In these areas the
sebaceous glands are larger and at times modified to such an extent that
they constitute different entities. This is true in the case of the Meibomian
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Figure 1.11 (a) Light microscope image of a sebaceous gland showing
the ramified-alveolar structure. (b) Electron microscope image of
sebaceous gland containing lipid droplets.

glands of the eyelids, which when inflamed produce a hard filtrate in the
shape of an ear of com so giving rise to styes.

1.2.8.7.2 Sebum

Sebum is a product of the sebaceous glands. Production of sebum is not
constant, and it changes with different stages of life.

In the foetus the sebaceous glands begin secreting sebum during the fourth
month. This occurs to such an extent that at birth a newborn baby is often
covered by a vernix caseosa, which is in fact a layer of sebum that protects
the foetus from the amniotic fluid. Later when the baby is no longer being
breastfed and, therefore, no longer receiving the maternal hormones that
stimulate the glands, the sebaceous glands enter a state of quiescence
which only ends when the child reaches puberty and the sexual glands have
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developed and begun to secrete sex hormones-predominantly androgens
in the male and estrogens in the female. In both sexes it is the androgenic
hormones that stimulate both the sebaceous glands and hair growth.

The production of sebum, beginning again at puberty and continuing until
adulthood, is always higher in males than in females. In females there is a
reduction in sebum production after the menopause caused by the progres
sive inactivation of the ovaries, which consequently stop synthesizing
androgens. In later years both men and women produce less sebum even
though the sebaceous glands enlarge (become hypertrophic) and their
openings often dilate.

1.2.8.7.3 Composition of Sebum

Sebum represents about 95% of the lipids in our skin. On synthesis it has
a different composition from that when it reaches the skin surface. The
hair follicle contains many bacteria that possess a variety of enzymatic
activities (particularly lipases) able to hydrolyse and, therefore alter, the
complex molecules contained in the newly synthesized sebum.

The composition of sebum on the skin surface:

• free fatty acids: 20%
• triglycerides: 40%
• squalene: 15%
• wax: 20%
• sterols and glycophopholipids: 5%

1.2.8.7.4 Functions ofthe Sebum

Sebum is fundamental in all mammals because it represents the best
protection for their fur. Man has lost most of his covering of hair and so
sebum, though still important, is less so than for other mammals. However,
even in man sebum continues its role of protecting the skin. By emulsify
ing itself, that is, mixing with the water derived from sweating or tran
spiration, sebum forms a film over the skin that is able within certain limits
to protect it from harmful chemical substances and from the action of
pathogenic microorganisms.

Sebum contributes to the skin's emollience (softness) by retaining water.
The hairs are also protected by sebum without which they would appear
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opaque and dull. The presence of sebum around the anus, genitals, eyes,
and lips has protective, emolient, and antimicrobic functions.

1.2.8.8 Sweat Glands

These are divided into eccrine and apocrine sweat glands. The first, the
common sweat glands, are the more numerous and are found all over the
skin. They are defined "eccrine" due to their mechanism of secretion that
produces an almost aqueous liquid.

The apocrine sweat glands, on the other hand, are present only in certain
regions of the body. Examples are the armpits, around the genitals, on
eyelids, and in the external part of the ear canal, etc. The apocrine glands
differ from the eccrine glands in various ways including: their secretion
product, their distribution, their being limited to certain areas of the
body, their localization deeper in the skin, their having their opening in
the hair sheath, and their strict linkage of function with the sexual phases
of life.

Eccrine sweat glands are innervated by sympathetic nerves, and sweating
does not occur in the denervated areas of the skin. In rare cases, individuals
with congenital defects may lack eccrine sweat glands and in hot climates
must take special precautions to avoid excessive increases in their body
temperature.

The apocrine sweat glands are under double nerve control but their activity
is not notably influenced by variations in temperature. Therefore, strictly
speaking, they should not be classified as sweat glands.

1.2.8.8.1 Eccrine Sweat Glands

Eccrine sweat glands are "merocrinous" glands in that they produce
an aqueous solution of low density that does not appreciably cause disin
tegration of the epithelial cells. Their principle function is that of thermo
regulation: sweating to allow the body to rid itself of excessive heat. These
glands begin to function only at temperatures above 18-20D C, when
normal mechanisms of thermoregulation become insufficient. The secre
tory capacity of these glands means that several litres of water can be lost
from the body hourly, taking with it toxins and other substances. It is the
evaporation of this water that brings about cooling of the body.
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Another essential point is that, in combination with transpiration (perspi
ration insensibilis), sweat accounts for a large proportion of the water that
remains on the skin, forming part of the hydrolipid film.

Eccrine sweat has an odour between that of musk and urine and contains
numerous amino acids and organic substances that, together with secreted
salts, constitute the buffering system of the skin. It is, therefore, essential
because sweat and sebum together constitute the hydrolipid film on the
skin's surface, which is the indispensable protective covering keeping the
skin in good condition and, consequently, allowing it to perform its many
essential functions.

1.2.8.8.2 Anatomical and Histological Aspects ofEccrine Glands

Eccrine glands are defined as simple tubular, being composed of a thin
canal connected directly to the surface and extending into the dermis
almost until the hypodermis, where it winds around itself (Fig. 1.2). There
are two recognisable parts to the gland: the first, the secretory segment, is
the "ball" of the gland situated in the mid-dermis. Here the cells absorb
liquid derived from the surrounding capillaries and deliver it into the
lumen, the gland interior in the duct that leads to the excretory portion. In
this part of the gland the composition of the liquid is modified due to reab
sorption of mineral salts, potassium, and some of the sodium. Sweat is, in
fact, salty, even though the body has at least in part attempted to extract the
precious mineral salts from it.

The sweat glands are, as mentioned earlier, richly innervated by the
sympathetic nerve system. This explains why intense emotions can be
accompanied by excessive sweating.

1.2.8.8.3 Apocrine Sweat Glands

These glands have little physiological importance. Their importance is
derived more from the negative effects of their product, from which unpleas
ant odours arise. The product of these glands is a secretion rich in organic
substances including large amounts of protein and steroids. This is due to
their mechanism of secretion that results in the loss of the upper part of the
sudoral cells. The secretion is extremely dense and provides an excellent
broth for bacteria, which break down the organic compounds so producing
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volatile pungent substances. These glands are present only in certain regions
of the body: the armpits, the groin, and around the genitals.

In other mammals these glands are important because they produce
"pheromones," substances that are at the base of olfactory communica
tion between animals both in sexual attraction and in the demarcation of
territory (Fig. 1.2).

1.2.8.8.4 Anatomical and Histological Aspects ofApocrine Glands

In their structure the apocrine glands are similar to the eccrine sweat glands
in that they too are simple tubular-alveolar. The apocrine glands are also
composed of a secretory segment in the form of a "ball" and an excretory
duct.

The apocrine sweat glands, like the sebaceous glands, are always asso
ciated with a hair follicle, although these glands open directly onto the
skin surface in the same region as that described for the sebaceous
glands (Fig. 1.11(a) and (b)). In the outer ear, in particular, these glands
have become the "ceruminous" glands characterized by a dense yellowish
secretion.

1.2.8.9 The Nails

In addition to the nail lamina, the hard part generally identified as nail,
nails are also composed of surrounding tissues. Anatomically, the nail is a
complex of the skin composed of the following tissues:

• perionychium
• eponychium
• hyponychium
• nail bed
• nail matrix

The formation of the nail lamina begins in the matrix. Here the cells
multiply and become keratinized in a manner analogous to that in the hair.
Though keratinization is similar in the epidermis, the hair, and the nail, in
each case it is stabilized by a different pattern of linking disulphide bonds,
which determine the anatomical and structural differences between the
skin and its annexes.
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The hyponychium is a short portion of normal epidermis just below the
lamina that defines the end of the fingertip and the beginning of the nail
bed. The latter is below the nail lamina and is covered by a particular
epidermis. The peronychium is the epidermis that surrounds the entire
nail, bounding it with a deep furrow. The characteristic little membranes,
or cuticles, that surround the nail continue below it in the form of the
eponychium, which cannot be seen. Finally, the lunula is the portion of
the matrix seen at the base of the nail; its whitish appearance is due to its
distance from the nail bed.

The nails, though in man less important than the claws of animals, still
playa fundamental role both in protection and in the numerous functions
fulfilled by the fingers. For such reasons the nails are protected and looked
after. Their growth is stimulated most by the activity of the fingers them
selves. In other words, the more the nails are used, the faster they grow.
The surrounding tissues are fundamental to the health of the nails and,
therefore, must be protected and not removed. As the nail lamina is com
posed of hard keratin it is therefore impermeable and can be covered with
enamel and other substances which can at times be useful in increasing the
nail's strength.

1.3 Skin Functions and Physiology

1.3.1 The Physiology of the Skin

Physiology is the study of the mechanisms associated with the life of cells
and the entire organism. In this chapter we will deal with the principle
aspects of the basic mechanisms controlling the life of our skin. The under
standing of these mechanisms will allow us to intervene with them, even
with cosmetics, to maintain the skin in better health and as a result give it
a nicer appearance.

1.3.1.1 Keratinization

Keratinization refers to the life of the epidermal cells, from the moment
they are formed in the basal layer to their loss from the horny layer. In this
period of time, which lasts about 28 days, the cells synthesize and accumu
late keratin so that the protein fills the cells of the epidermal horny layer,
the hair cortex, and the nail lamina. However, keratinization also refers to
other fundamental processes that occur during this period, most important
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the production of the epidermal lipids, which are indispensable for the
maintenance of epidermal integrity (Fig. 1.3).

1.3.1.2 Cellular Dynamics of Keratinization

Basal layer cells divide, giving rise to another layer of cells, which take
their place on the basal layer. The cell that divided commences its ascent
toward the upper layers and begins its metabolic activity, putting aside an
energy reserve composed mainly of glycogen (a complex sugar). In the
spinous layer the cell re-establishes its intercellular contacts, lost at the
moment of division, and immediately develops the cell organelles neces
sary for the synthesis of various substances. In this way the cell begins to
synthesize a keratin "precursor" protein, keratohyalin, which increasingly
collects into intracellular bundles until the upper portion of the granular
layer, where the keratinohyalin is finally converted to keratin by specific
enzymes.

In the upper section of the granular layer the cell nucleus is expelled and
the cell, by now no longer alive, is transformed into an envelope contain
ing mostly keratin and other residual cell substances. The walls of the
envelope are all that remains of the cell membrane and are covered with
lipids. In the horny layer, composed of several layers of cells laid one on
top of the other, the cells are reduced to lifeless, loosely connected sacks.
Driven by the new cells forming in the basal layer, these cells, or rather
what remains of the original cells, are exfoliated either singularly or in
small groups.

This mechanism is of fundamental importance in guaranteeing that there
are always new cells at the skin surface, which is daily exposed to abrasions
and environmental attack. Moreover, the skin is continuously subjected to
small injuries. The keratinization mechanism is able to respond to the
demands imposed by such phenomena, to repair its surface, and, as a direct
consequence to an injury, to set off processes (in addition to the usual kera
tinization) that repair the damage. The latter is achieved by the immediate
division of cells in the damaged region or adjacent areas.

The process of keratinization and the consequent exfoliation occurs over
the entire skin surface as a continuous yet staggered process; otherwise,
the skin cells would all be lost together, as in those animals which, like the
reptiles, are able to shed their skins seasonally. Common dandruff that
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falls from the scalp is, therefore, a normal consequence of this continual
change of the skin surface; however, if some changes occur in the mecha
nism and the balance is upset, dandruff may become excessive. Other areas
can also be affected by disturbances in keratinization; in some cases these
can even be serious illnesses, psoriasis, for example.

1.3.1.3 Epidermal Lipids

Although they constitute only 5% of all the lipids in the skin, the epider
mal lipids are extremely important. In fact, whereas sebum protects
the surface of the skin, the lipids produced by the epidermal cells allow
the cohesion of the epidermis, retaining water within its structure and
allowing the horny layer to act as a barrier.

1.3.1.4 Keratinosomes (Odland Bodies)

Keratinocytes produce a specific organelle containing lipid compounds
stored in the form of "bistratified discs" stacked one on top of the other.
These organelles were first identified by Odland, from whom they take
their name. In the granular layer the contents of these organelles are
poured into the intercellular spaces, where they form the abundant leaves
of bistratified lipoid material found between the cells of the horny layer.

These substances have been biochemically characterized and are composed
mainly of ceramides. Though other substances such as glucosylceramide,
sphingosine, cholesterol esters, and fatty acids are also present, it has been
clearly demonstrated that the ceramides play an essential role. In fact,
these substances together with other natural hydration factors play an
indispensable role both in the retention of water in the epidermis and in the
construction of a real barrier to the entry and exit of substances into and
out of the epidermis. It has been calculated that the removal of the intercel
lular lipids from the horny layer would provoke a much larger loss of water
than would the removal of the cells themselves. Moreover, without the cer
amides interposed between the horny tiles, substances applied to the skin
(sometimes even dangerous ones) would have free access into the body.

The possibility of artificially reproducing the major constituents of the
epidermal lipids, the ceramides, today allows us to physiologically supple
ment the skin's functional barrier and to significantly improve both the
hydration and normal structure of the epidermis.



I: STRUCTURE AND FUNCTION OF THE SKIN, CELLENO & TAMBURI 35

1.3.1.5 The Keratins

Keratin filaments are grouped into bundles by the action of a basic protein
containing histidine called filagrine. The physiological process implies a
cellular stratification and a regulation of the differentiation of specific epi
thelial gene products. The keratinized cells move from the epithelial basal
layer to the surface of the tissue, undergoing during their migration a series
of morphological changes that reflect differential epithelial gene expression.
The result of the differentiation is the formation of the horny layer due to the
processing of a series of proteins and the degradation of the cell organelles.

The keratins, protagonists of the keratinization process, are a vast family of
related proteins. They are insoluble, contain cysteine, and have molecular
weights ranging from 40 kDa to 67 kDa. They are present in the cells of
the epidermis, hair, and nails and form the characteristic cytoskeleton of
epithelial cells, including those found in the gastrointestinal and urothelial
areas and the orogenital mucosa. They consist of intermediate filaments
7-10 nm in diameter. There are six types of intermediate filaments: type I
(hard keratin, basic epithelial keratin), type 2 (hard keratin, acidic epithelial
keratin), type 3 (GFAP, desmin, vimentin, peripherin), type 4 (neurofila
ments, NF-L, NF-M, NF-H, alpha-internexin), type 5 (nuclear laminins
A,B,C), and type 6 (nestin). Of these intermediate filaments the most
important examples are vimentin, present in the mesenchymal cells, GFAP
acidic protein, which composes the glial filaments of the glial cells, the
neurofilaments present in the neurones, desmin of the muscle cells, and the
proteins of and the nuclear matrix, nuclear laminins A,B,C.

The polypeptide structures of all the intermediate filaments have a similar
skeletal part composed of structural blocks of polypeptide subunits. The
number of subunits varies between 1 and 30. The proteins are products of
separate genes that, by cross-hybridization, fall into two gene families:
type I (basic) and type 2 (acidic). The epithelial keratins are classified
numerically and are, therefore, divided into two groups: basic keratins
(1-8) and acidic keratins (9-19).

The fundamental polypeptide chain of keratin is a classical alpha helix
with repeated groups of seven. It is composed of four separate helical
zones linked by interhelical sequences and is preceded and followed by
nonhelical carboxyterminal and aminoterminal sequences. During kerati
nization two polypeptide chains are assembled as a heterodimer called a
protofilament. Two protofilaments then assemble into larger protofilaments,
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so forming a protofibril, the basic element of the keratin fibre heterodimer.
It is possible that type 2 keratins are present in the cell before type I keratins
and is thought likely that the former induce the synthesis of the latter. In
epithelial cells keratin filaments radiate from the perinuclear region to
the internal face of the plasma membrane. Bundles of these filaments are
associated with specialized structures of the plasma membrane called
desmosomes. Looking at their chemical structure it is evident that keratin
filaments are heterogenous. This heterogeneity explains how the filaments
perform diverse functions in different cells. Many keratins are produced in
fixed associations as well as in particular cell types.

The most important keratins of the basal layer are keratins 5 and 14. These
are synthesized only in the basal cells and are transported in the suprabasal
compartment. In epibasal cells the keratinocytes synthesize a new pair of
keratins, keratins I and 10, which are characteristic of epidermal differ
entiation. Recent studies have considered the Fos family of proteins,
transcriptional activators that are rapidly induced by extracellular stimuli.
The Fos proteins are expressed immediately before cell death and the
formation of the horny layer in keratinized tissue. It is supposed that they
play an important role in the transcriptional activation of the genes medi
ating the formation of the horny layer. The keratinized epithelial cells
that express the Fos proteins must be the target of a differentiation signal
that is as yet unknown. A small number of basal cells will determine the
differentiation of the keratin leaving the basal layer. After minimal post
transcriptional modification they are transported in the cell layers of gran
ules, where after the release of filagrin by keratohyalin bodies the keratins
are processed to allow their alignment into macrofibres. Filagrin is the
substance produced by keratohyalin granules that link the tonofilaments.

During the passage of the cells toward the horny layer profilagrin is cleaved
by a specific phosphatase to produce the filagrin, which interacts with
keratin filaments so promoting their aggregation and forming the interfila
mentous matrix in the corneocytes. The degradation of filagrin produces
amino acids that help the horny layer to retain water. The assembly of
protofilaments occurs along the vertical axis of the helical regions, the
nonhelical parts probably playing a role in their stabilization. To allow this
alignment some regions are eliminated, meaning the loss of keratin anti
gens and a reduction in molecular weight. It has been observed in vitro that
retinoids can stimulate the production of epithelial keratin n 19, which
implies that in vivo they would be able to influence the expression of
keratin. Currently studies involving keratins 6 and 16 are particularly
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interesting; they hypothesize a possible role for these proteins in cellular
migration and mitosis. Their mRNAs are found in normal skin and could
be responsible for the rapid cellular synthesis, though this suggests the
presence of post-transcriptional regulation.

It has further been proposed that keratin 19 may play the part of activator,
stabilizing the type 2 keratins until type 1 keratins are synthesized. It has
in fact been found in large quantities in squamous epithelium, in the basal
cells of the mucosa and hair follicles, junction regions, areas of fast turnover,
and close to staminal cells.

The role of extracellular calcium has been controversial since it was demon
strated that a low level of calcium in vitro causes the loss of stratification
and formations of desmosomes with production of stratified cultures.

1.3.1.6 The Hydrolipid Film

We have already touched upon the subject of how the hydrolipid film
is produced by the sebaceous glands, sweat, and transpiration and have
further stressed its importance in the maintenance of the skin's emollience
and defence against pathogenic bacteria.

Though once produced the film can flow into the grooves from one region
to neighbouring ones, differences in the distribution density of sweat and
sebaceous glands mean that not all areas of the skin are equally covered by
the hydrolipid film.

Despite its physiological functions the hydrolipid film is considered in a
negative sense due to the problems that it can give our skin. For example,
regions that are poorly supplied with the hydrolipid film will have less
natural emollience and, retaining less water, will have a higher tendency of
desquamation. Furthermore, in some individuals the sebaceous glands
produce a hydrolipid film that is qualitatively altered and tends to irritate
the skin itself.

The hydrolipid film is essentially formed of:

• sebum components
• cellular waste (keratinocyte residues)
• bacterial substances (derived from bacteria normally present

on the skin)
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• water (sweating and transpiration)
• exogenous substances (cosmetics, dirt)

An important point to remember regarding the hydrolipid film is that it
constitutes part of the normal dirt that we remove daily from our skin by
cleansing. Cleansing is not only to remove exogenous dirt but also the
undesirable residues formed by the degredative action ofthe skin's bacteria
on the organic components of the hydrolipid film. However, the excessive
removal of the hydrolipid film strips the epidermis of its protection and
exposes the skin to environmental attack and dehydration.

1.3.1.7 Skin Hydration

As water is the life for the entire body, so it is for the skin. Hydration
represents the most important parameter in the health of our skin.
Numerous factors determine the water content of the skin, although,
overall it is directly related to the ambient humidity and the skin can only
retain adequate concentrations of water at a relative humidity of 60%.

The skin's factors that govern the maintenance of its hydration are:

• epidermal lipids
• surface hydrolipid film
• natural moisturizing factors (NMF)
• the horny layer
• organic substances (salts, amino acids, hyaluronic acid)

Epidermal lipids have a fundamental role both in binding water and in
occluding the intercellular spaces. Their action is expressed in the correct
structure of the lamellae in the horny layer that otherwise would not be
able to retain water.

The hydrolipid film covers the epidermis with a thin protective layer that
softens it, slows down its desquamation, and defends it against both
chemical and bacterio-micotic agents. Removal of the film by excessive
cleansing, for example, leads to damage of the horny layer, which desqua
mates and loses intercellular lipids, so opening the door for the entry of
germs and harmful substances.

The NMF are a series of substances produced by the epidermal cells and by
sweating that function to bind water both intracellularly and extracellularly
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together with the intercellular lipids. Of the NMFs the most important
are PCA (pirrolidon carboxylic acid) and urea, but many other organic
substances and mineral salts are part of the group.

Below the epidermis, in the dermis, there is a larger quantity of water. It is
this water of the dermis that hydrates the epidermis by two principal
mechanisms:

1. eccrine sweating
2. transpiration (perspiratio insensibilis)

The latter is essential for life: the body must continuously exchange the
heat produced by the energy reactions that occur uninterruptedly in all
its cells.

In the dermis the majority of water is bound to glycosaminoglycans and
proteoglycans. The first are formed by sugars complexed with organic
acids and the second by the union of these with protein. Of particular
interest is hyaluronic acid, which is able to bind many molecules of water.
All substances that bind water are defined as hygroscopic, whereas the
property of being soluble in water is defined as hydrosolubility. Hyaluronic
acid is also present in the epidermis, where, in addition to hydration, it is
also involved in other activities connected with the life of keratinocytes.

1.3.1.8 Skin pH

pH can be expressed, in simple terms, as the level of acidity of alkalinity
of a solution or defined system. The pH scale is from 0 to 14. On this scale
7 represents neutrality. Above 7 is alkaline (or basic); values below 7 are
acidic.

Under normal physiological conditions our skin has an acidic pH that
varies depending on the region between 4.5 and 6.5. This value is deter
mined by substances present in the hydrolipid film, where fatty acids are
responsible for the slight but essential acidity of the skin. If the pH of the
skin is altered, becoming more alkaline, this aids not only the proliferation
of undesirable germs but also the denaturation of many of the substances
present in the hydrolipid film itself. Therefore, the acidity of the skin
must be maintained in order to protect the skin's physiology. Factors
largely responsible for the modification of the skin's pH include cleansing,
environmental attack, and anything that can provoke "stress" of the skin.
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In the case of changes in skin pH, it is eccrine sweat, with its content
of salts and amino acids, that is the skin's principle buffering system,
ensuring a rapid restoration of the optimal acidic pH.

1.3.1.9 Skin Flora

Many bacteria and fungi naturally live on our skin. This population, which
is normally present but not producing illness, is called the skin's resident
flora and its presence is necessary to hinder the development of harmful
germs.

The flora's composition changes from region to region and also with
the skin's pH. The flora on the epidermal surface is different from that
inside the hair follicle. Whereas Staphylococcus epidermis is common on
the skin's surface, bacteria such as the Propionibacterium acnes are found
in the hair follicle. Occasionally some potentially pathogenic organisms
such as Candida, normally kept under control by the resident flora, manage
to proliferate and to cause illnesses by altering the normal physiological
condition of the skin. Excessive sweating or aggressive cleansing (particu
larly with alkaline detergents) can easily facilitate the prevalence of these
germs, especially around the genitals and armpits, which can lead to real
illness.

A rich micotic and microbiotic flora exists on the scalp, thanks to the abun
dant sebaceous secretions in this region. A major component of this flora
is Pityrosporum orbicolare. This fungus causes versicolor pityriasis, the
common mycoses with clear marks that usually appear after the exposure
to sun at the sea and is also mainly responsible for dandruff and maybe
also for "acne rosacea."

1.3.2 Functions of the Skin

The structure and physiology of the skin are obviously much more com
plex than we have been able to describe in the present work. Nevertheless,
by knowing them even in part it is easier to identify the functions (Table 1.2)
that our skin fulfills:

• barrier
• protection
• immunological
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Table 1.2 Summary Table of the Function of the Skin

Function

Protection

Sensitivity

Defence Against

Chemical agents (mechanical, chemical, biochemical)
Electromagnetic rays
Perception of the outside world through the rich nerve

network

Thermoregulation

Elimination

Heat
Increase in blood flow in

the surface layers
Sweating

Of substances
Natural substances
Drugs
Toxins

Cold
Decrease in blood flow in

the surface layers

Through
Sweating
Sebaceous secretion
Cellular desquamation
Transpiration

Synthesis

Secretion

Barrier immunity

Communication

Of
Vitamin D
Other functional substances

Ofsubstances Through
Antimicotic Sebaceous glands
Antibacterial Apocrine sweat glands
Hydrating Eccrine sweat glands

Allows the entry and exit of substances
Recognition by the Langerhan cells of foreign agents

(haptens, allergens, antigens) that penetrate the horny
layer

Through the appearance of the skin, hair, nails, etc.

• secretion
• thermoregulation
• sensitivity
• absorption

Some aspects of each function are reported.

1.3.2.1 Barrier Function

The function of the skin's barrier is to protect the skin and, therefore, the
body from the entry of chemical substances and also preventing the loss of
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bodily substances. This function is valid from the outside to the inside and
vice versa. Only lipid-soluble substances can penetrate it, provided that
their molecular weight is not excessive. This selective permeable barrier is
mainly due to the basal membrane, horny layer, and intercellular lipids.
Thanks to this functional barrier, water, the essential source of life, does
not escape from our bodies.

1.3.2.2 Protective Function

The skin performs a protective function against biological (bacteria, viruses,
and mycetes), physical, and chemical agents. An alkaline substance placed
on the skin is neutralized by the hydrolipid film and the horny layer before
it can damage the organs below. In the same way the sun's radiation is neu
tralized, at least in part, by melanin or by the horny layer. Finally, the skin
plays the essential role of mechanical protection that we all appreciate every
day when large or small mechanical traumas are cushioned by our skin.

1.3.2.3 Immunological Function

The first site of entry for foreign substances and bacteria is the skin. With
the Langerhan cells the skin is able to identify these and to prepare a
defence. Sometimes, as in the case of contact dermatitis, the defences
themselves do us harm, resulting in inflammation that is normally the
essential response marking the invasion of a foreign agent.

1.3.2.4 Secretory Function

The skin's secretory functions are carried out both by the cutaneous glands
and the epidermis itself. Sebum, sweat, and epidermal lipids are products
that perform functions for the skin (protecting it) and for the whole body.
In fact sweating, like keratinization, is one of the means by which drugs
and harmful substances are removed from the body. The apocrine sweat
glands participate in this function, as becomes clear, for example, when
these expel dietary herbs and spices such as garlic.

1.3.2.5 Thermoregulatory Function

The mechanisms used by our skin in thermoregulation are insensible
perspiration, eccrine sweating, and changes in cutaneous vascularization.
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By these mechanisms the skin is able to adapt our body temperature as
a function of the ambient temperature.

When the individual is hot it means that they have not been able to exchange
the heat produced by the body with the environment. If this exchange does
not occur, then life may be in danger because an increase in body tempera
ture, as with fever, can block cellular reactions and, therefore, cause their
death. This is why, when one is hot, the sweat glands become active and
the blood vessels dilate to allow more blood to flow just below the skin,
producing heat loss both in physical ways (irradiation, convection, and
conduction) and by sweating. Perspiration, on the other hand, remains
quite stable and changes occur only under conditions of intense heat.

The opposite occurs when one is cold: there is a reduction in sweating
and a restriction of the blood vessels with consequent lower blood flow
and less heat under the skin. In other words, the ability to increase or
decrease the quantity of blood flowing under the skin provides the means
of dissipating more or less heat into the environment.

1.3.2.6 Sensitivity Functions

The chance of survival in an environment is linked to the capacity of the
individual to be in contact with it. Together with the senses of sight, hear
ing, and smell, the skin's sensitivity provides the individual not only with
the sense of touch, but also allows us to recognize our position and its
variation in space. In addition the skin is able to sense pain due its nerve
receptors and through other receptors present in the encephalon to "read"
the blood, so facilitating the identification of hot and cold. The skin also
detects itching, which, together with pain, heat, and cold, is vital for the
survival of the individual, as these sensations warn us of danger or injury.
Without the skin and its sensitivity we could burn ourselves without being
aware of it or we could freeze without knowing.

1.3.2.7 Absorption Function

Strictly linked to the skin's barrier function, absorption allows substances
applied to the skin to be conveyed into the blood system. This important
function is being ever more exploited by medicine to avoid the damage
that can be caused by gastrolesive drugs when administered orally, or to
favour a continuous slow drug absorption.
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This function obviously varies according to the area and thickness of the
epidermis. Eyelids and other analogous regions characterized by a thin
layer of skin will absorb more of the substances applied to them than do
other areas. Other regions, like the scalp and the armpits, which are rich in
sweat glands and hair follicles, will absorb through these structures more
than in other regions. This function can also have negative aspects in that
it can also cause absorption of dangerous and even lethal substances.

Logically, any change in the horny layer will favour absorption by the
skin. Absorption is larger for lipid-soluble substances and is divided into
three stages:

1. penetration or passage of a substance from the hydrolipid
film into the epidermis

2. permeation, which is the diffusion through the cells of the
epidermis and dermis

3. reabsorption, the penetration of local blood vessels by a
compound that has reached the dermis

Though with limitations, especially for large molecules such as collagen
and other proteins, the epidermis is easily permeable to many substances,
particularly if they are appropriately carried.

Liposomes, resembling the constitution and structure of membranes and
intercellular lipids, penetrate the skin better than other substances and can
carry many active principles. For these characteristics, liposomes, like other
special structures (some even smaller than liposomes), are particularly
well used in cosmetology and medicine.

Two other functions are also worth remembering-the skin communi
cates our image to others and has a fundamental role in the production
of vitamin D, the compound necessary for normal bone development.
The skin receives ultraviolet rays and utilizes them in the production of
vitamin D. The discovery of this role is quite recent. In fact, at the begin
ning of the industrial age, when the main fuel was coal, the skies over
the cities of Northern Europe were darkened by pollution, which, in
combination with climate, resulted in those populations receiving little
sunlight. Children, therefore, grew up affected by rickets. Exposure to
sunlight was found to improve the condition, leading to the discovery
that the skin is the organ that synthesizes the active anti-ricket compound,
vitamin D.
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the importance of understanding the ethnic differences in the properties of
skin increases. Not only do the differences in skin properties influence the
presentation of skin disorders, but cultural practices alter presentation as
well. Moreover, there has been a recent surge of information available
about the properties of ethnic skin. This chapter covers the differences in
the structure and function of ethnic skin.

2.2 Epidermis

The epidermal layer of skin is made up of five different layers: stratum
basale, stratum spinosum, stratum granulosum, stratum lucidum, and
stratum corneum. The stratum basale (also called the basal layer) is the
germinative layer of the epidermis. The time required for a cell to transition
from the basal layer through the other epidermal layers to the stratum
corneum is 24-40 days. The morphology and structure of the epidermis is
very similar among different races, though a few differences do exist.
Additional differences are explained below and listed in Table 2.1 [I].

The stratum corneum, the most superficial layer, is the layer responsible
for preventing water loss and providing mechanical protection. The cells
of the stratum corneum, the corneocytes, are flat cells measuring 50 urn
across and I urn thick. The corneocytes are arranged in layers; the num
ber of layers varies with anatomic site and race. There is no difference
between races in corneocyte surface area, which has a mean size of
900 ~m2 [2]. The stratum corneum of black skin is more compact than
that of white skin. Though the mean thickness of the stratum corneum is
the same among blacks and whites, black skin contains 20 cell layers
whereas white skin contains 16. This may reflect greater intercellular
adhesion in black skin [3].

Various studies with contradictory results evaluated spontaneous desqua
mation of corneocytes in various races. Spontaneous desquamation can
reflect stratum corneum cohesiveness. In one study, the investigators
evaluated spontaneous desquamation on the upper outer arm in African
Americans, Caucasians, and Chinese-Americans [2]. Spontaneous desqua
mation, measured as corneocyte count, was 2.5 times higher in blacks than
in whites and Asians. These authors acknowledged that these findings
were not consistent with previous studies that concluded that black skin
had increased cellular adhesion and transepidermal water loss. That is,
increased desquamation should correlate with decreased cellular adhesion.
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Another study found spontaneous desquamation to be increased on the
cheeks and foreheads of whites compared to blacks [4]. Finally, another
study concluded that age and anatomic site but not race influenced sponta
neous desquamation [5]. Therefore, the answer to whether or not there are
racial differences in spontaneous desquamation is inconclusive.

Transepidermal water loss (TEWL) is the amount of water vapor loss from
the skin, excluding sweat. TEWL increases with the temperature of the
skin. Studies investigating differences in TEWL among races yield con
flicting results as well. Some studies conclude there is no difference in
TEWL among ethnic groups [4,6]. Others state that TEWL is greater in
black skin [7]. One study found Asian skin to have the greatest TEWL
among Asians, blacks, and whites [8], whereas another found Asian skin
to have the least amount of TEWL [7]. This same study [7] found the skin
of blacks to have the greatest TEWL, followed by that of whites, then
Hispanics, and then Asians. Another study [6] found whites and Hispanics
to have similar levels of TEWL. Finally, Reed et al. [9Jcompared TEWL
of skin based on the degree of pigmentation, opposed to race alone. In a
small sample size of seven, this study found that Fitzpatrick skin types V
and VI had a more compact stratum corneum, increased intercellular adhe
sion, and increased barrier strength. Warrier et al. [4] compared the TEWL
of skin at different anatomical sites suggesting that the anatomical sites
used to measure TEWL in previous studies may have been a confounding
factor. In this study, TEWL was lower on the cheeks and legs of black skin
compared to white skin. In whites, posterior auricular and forehead stra
tum corneum had a higher degree of TEWL than that of the forearm,
medial thigh, and back. In general, studies that measure TEWL of the
forearm, medial thigh, and back concluded that black skin had a higher
rate of TEWL than whites while another measuring TEWL of the checks
and legs concluded black skin to have a lower rate of TEWL. In summary,
concrete evidence regarding the difference in TEWL between different
races has yet to be established.

Aside from TEWL, hydration is also a characteristic of skin. One of the
ways to measure hydration, or water content, is conductance. Conductance,
the opposite of resistance, is increased in hydrated skin because hydrated
skin is more sensitive to the electrical field [10J. Skin conductance is higher
in blacks and Hispanics than whites [10]. Lipid content in black skin
is higher that that of white skin [11]. However, black skin is more prone
to dryness, suggesting that a difference in lipid content plays a role.
This includes the ratio of ceramide/cholesterollfatty acids, the type of
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ceramides, and the type of sphingosine backbone. One study suggests
that the degree of pigmentation influences lipid differences [9]. A more
resistant barrier was demonstrated in darker skin.

2.3 Mast Cells

Sueki et al. [12] studied the mast cells of four African-American men
and four white men (mean age 29) by evaluating the punch biopsy of the
buttock with an electron microscope with the following results. The mast
cells of black skin contained larger granules (the authors attributed this to
the fusion of granules). Black skin also had 15% more parallel-linear stria
tions and 30% less curved lamellae in mast cells. Tryptase reactivity was
localized preferentially over the parallel-linear striations and partially over
the dark amorphous subregions within granules of mast cells from black
skin, whereas it was confined to the peripheral area of granules, including
curved lamellae, in white skin. Cathepsin G reactivity was more intense
over the electron-dense amorphous areas in both groups, while parallel
linear striations in black skin and curved lamellae in white skin were
negative.

2.4 Melanocytes

Melanin is the major determinant of skin color. Melanin absorbs UV light
and blocks free radical generation, thus protecting the skin from sun
damage and aging. Melanocytes, the cells that produce melanin, synthe
size melanin in special organelles called melanosomes. Melanin-filled
melanosomes are transferred from one melanocyte to 30-35 adjacent
keratinocytes in the basal layer [13]. Of note, the stratum lucidum in black
skin is not altered by sunlight exposure [1].

There is more than one type of melanin. The first is eumelanin, a dark
brown/black pigment. The second is pheomelanin, a yellow/reddish pig
ment. Pheomelanin has higher sulfur content than eumelanin because of
the sulfur-containing amino acid cysteine. Pheomelanin is synthesized in
spherical melanosomes and is associated with microvesicles [14]. Eumela
nin, on the other hand, is deposited in ellipsoidal melanosomes that contain
a fibrillar internal structure. Synthesis of eumelanin increases after UV
exposure (tanning). Though not obvious to the naked eye, most melanin pig
ments of the hair, skin, and eyes are combinations of eumelanin and
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pheomelanin [15]. Thus, the eumelanin/pheomelanin ratio is an important
determinant of skin color. It is generally believed that genetics determine
constitutive levels of pheomelanin and eumelanin.

In a study by Wakamatsu et al. [15] the investigators studied melanocytes
from 60 human melanocyte cultures. In this study, they found that eumela
nin, and not pheomelanin, consistently increased with visual pigmentation.
Lighter melanocytes had higher pheomelanin content than dark melano
cytes. This indicates that eumelanin is more important in determining the
degree of pigmentation. Whites had the least amount of eumelanin, Indians
had more, and African-Americans had the highest. Of note, adult melano
cytes contain significantly more pheomelanin than cultured neonatal
melanocytes. Another study [1] found that the number of melanocytes also
decreases with age.

The steps of melanogenesis are as follows: The enzyme tyrosinase hydrox
ylates tyrosine to dihydroxyphenylalanin (DOPA) and oxidizes DOPA to
dopaquinone. Dopaquinone then proceeds down one of two pathways. If
dopaquinone binds to cysteine, the oxidation of cysteinyldopa produces
pheomelanin. In the absence of cysteine, dopaquinone spontaneously con
verts to dopachrome. Dopacrhome is then decarboxylated or tautomerized
to eventually yield eumelanin. Melanosomal P-protein is involved in the
acidification of the melanosome in melanogenesis [16]. Finally, the tyrosi
nase activity (not simply the amount of the tyrosinase protein) and cysteine
concentration determine the eumelanin/pheomelanin content [IS].

When a-melanocyte-stimulating hormone (a-MSH) or adrenocorticotro
pin binds to melanocortin-l receptor (MCIR), a transmembrane receptor
located on melanocytes, tyrosinase, and tyrosinase-related protein-I and -2
(TRP-l and -2) are upregulated [16-19]. In mice, loss-of-function muta
tions of MC IR promote pheomelanogenesis and yields the red hair pheno
type [IS]. In contrast, the loss-of-function mutations in humans does
not alter the phenotype, but it does increase sensitivity to UV-induced
DNA damage. Gene expression of tyrosinase is similar between blacks
and whites, but other related genes are expressed differently. The MSH
cell surface receptor gene for melanosomal P-protein is expressed
differently between races. This gene may regulate tyrosinase, TRP-I, and
TRP-2 [IS].

As mentioned above, the melanosomes are transferred from melanocytes
in the basal layer to adjacent keratinocytes that migrate to the stratum
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corneum. Regulatory factors in keratinocytes determine the distribution
pattern of the recipient melanosome(s) [20]. The melanosomes also differ
among different races. The melanosomes of blacks are mostly in the basal
layer, but those of whites are mostly in the stratum corneum. This is evi
dent in the site of UV filtration: the basal and spinous layers in blacks and
the stratum corneum in whites. Of note, the epidermis of black skin rarely
shows atrophied areas [I].

In black skin, the melanocytes contain more than 200 melanosomes. The
melanosomes are 0.5-0.8 mm in diameter, do not have a limiting membrane,
are stuck closely together, and are individually distributed throughout the
epidermis. In white skin, the melanocytes contain less than 20 melano
somes. The melanosomes are 0.3-0.5 mm in diameter, associated with a
limiting membrane, and distributed in clusters with spaces between them.
The melanosomes of lighter skin degrade faster than that of darker skin. As
a result, there is less melanin content in the upper layers of the stratum
corneum. Thus, the melanocytes in black skin are more active in making
melanin, and the melanosomes are packed, distributed, and broken down
differently than in white skin.

There is also a difference in melanosomes between individuals within
the same race but with varying degrees of pigmentation. Despite greater
melanin content in darker skins, there is no evidence of major differences
in the number of melanocytes [21]. Also, dark Caucasian skin resembles
the melanosome distribution observed in black skin [22]. Blacks with dark
skin have large, nonaggregated melanosomes and blacks with lighter skin
have a combination of large nonaggregated and smaller aggregated mel
anosomes [23]. Whites with darker skin have nonaggregated melanosomes
when exposed to sunlight, and whites with lighter skin have aggregated
melanosomes when not exposed to sunlight [21,22,24].

2.5 Dermis

The dermis lies deep to the epidermis and is divided into two layers, the
papillary and reticular dermis. The papillary dermis is tightly connected to
the epidermis via the basement membrane at the dermo-epidermal junction.
The papillary dermis extends into the epidermis with finger-like projec
tions, hence the name "papillary." The reticular dermis is a relatively
avascular, dense, collagenous structure that also contains elastic tissue and
glycosaminoglycans. The dermis is made up of collagen fibers, elastic
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fibers, and an interfibrillar gel of glycosaminoglycans, salt, and water.
Collagen makes up 77% of the fat-free dry weight of skin and provides
tensile strength. Collagen types I, II, V, and VI are found in the dermis. The
elastic fiber network is interwoven between the collagen bundles.

There are differences between the dermis of whites and blacks. The dermis
of white skin is thinner and less compact compared to that of black skin
[25]. In white skin, the papillary and reticular layers of the dermis are
more distinct, they contain larger collagen fiber bundles, and the fiber frag
ments are sparse. The dermis of black skin contains closely stacked smaller
collagen fiber bundles with a surrounding ground substance. The fiber
fragments are more prominent in black skin than in white skin. Whereas
the quantity is similar in both blacks and whites, the size of melanophages
is larger in blacks. Also, the number of fibroblasts and lymphatic vessels
are greater in black skin. The fibroblasts are larger, have more biosynthetic
organelles, and are more multinucleated in black skin [1]. The lymphatic
vessels are dilated and empty, with surrounding elastic fibers [25]. No
racial differences in the epidermal nerve fiber network have been observed
using laser-scanning confocal microscopy, suggesting that there is no
difference in sensory perception between races, as suggested by capsaicin
response to C-fiber activation [26].

Studies that investigated skin extensibility, elastic recovery, and skin elas
ticity have yielded conflicting results. Skin extensibility is how stretchable
the skin is. Elastic recovery is the time required for the skin to return to its
original state after releasing the stretched skin. Skin elasticity is elastic
recovery divided by extensibility. Berardesca et al. concluded that differ
ences exist between races in skin extensibility, elastic recovery, and skin
elasticity and these differences are mainly related to the protective role of
melanin present in races with darker skin [27]. The study found differ
ences in sun-exposed (dorsal) and non-sun-exposed (volar) aspects of the
forearms of 15 blacks, 12 whites, and 12 Hispanics. The dorsal forearm of
whites had less skin extensibility than blacks and Hispanics. The dorsal
and volar forearms of blacks had the same elastic recovery, but were dif
ferent in whites and Hispanics. Elastic recovery was higher in black skin
than Hispanic and white skin. The skin elasticity was the same on the volar
forearm in all groups; it was lowest in blacks and highest on Hispanics on
the dorsal forearm [27]. Warrier et al. arrived at contradictory conclusions
[4]. Warrier et al. studied the difference in elastic recovery of the legs
and cheeks of 30 black and 30 white women. There was no significant
difference in the legs; the cheeks of black skin had a 50% greater elastic



56 THE BIOLOGY OF HEALTHY AND AGING SKIN

recovery [4]. Based on these conflicting results [4,27], it is likely that
elastic recovery and extensibility vary by anatomic site, race, and age.

Herzberg and Dinehart [28] examined the features of sun-protected black
skin from individuals 6 weeks to 75 years of age with light and electron
microscopy. With age, the dermo-epidermal junction became flattened,
with multiple zones of basal lamina and anchoring fibril reduplication.
Microfibrils in the papillary dermis became somewhat more irregularly
oriented. Compact elastic fibers showed cystic changes and separation of
skeleton fibers with age. The area occupied by the superficial vascular
plexus in specimens of equal epidermal surface length decreased from the
infant to young adult (21-29 years old) to adult (39-52 years old) age
groups, then increased in the aged adult (73-75 years old) age group. With
the exception of the vascularity in the aged adult group, the above features
are similar to those seen in aging white skin, and suggest that chronologie
aging in white and black skin is similar. In photodamaged white skin, only
elastic fibers in the dermis stain pink, whereas others stain lilac or deep
blue [1]. In black skin, all dermal elastic fibers stain pink, similar to that of
sun-protected white skin [1].

2.6 Sebaceous Glands and Sweat Glands

Sebaceous glands are small organs in the dermis that secrete sebum, which
is a mixture of fat and debris, through a duct. Most ducts of sebaceous
glands open into a hair follicle, but some open directly on the skin surface.
There are three types of sweat glands: eccrine, apocrine, and apoeccrine.
All three are innervated by post-ganglionic sympathetic fibers; thus ace
tylcholine is the neurotransmitter. Eccrine glands are sweat glands found
all over the body; the highest density is on the palms and soles. Eccrine
glands have no anatomic relationship to the hair follicle, secrete a clear
odorless fluid, and are the primary means for thermoregulation via evapo
rative heat loss. Apocrine glands develop just before puberty and are local
ized to the axillae, anogenital region, mammary glands, external auditory
canal, eyelid, face, and scalp. The duct opens into the pilosebaceous folli
cle at the level of the infundibulum and secretes a viscous fluid that, upon
alteration by microbes, produces an odor. The function of the apocrine
gland is unclear, but is a source of pheromones in animals. Apoeccrine
glands, or "mixed sweat glands," have mixed characteristics of apocrine
and eccrine glands. The apoeccrine gland is limited to the axillae, also
develops at puberty, and is considered an eccrine gland that undergoes
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apocrinization. The gland plays a role in thermoregulation and axillary
hyperhidrosis.

Several studies have investigated the difference in sebaceous glands and
sebum production between races. Sebaceous glands of blacks are larger
than that of whites [29]. One study of a small sample size of five blacks
and five whites concluded that blacks produced more sebum than whites
[29]. Other studies [30,31] with larger sample sizes concluded whites and
blacks produce an equal amount of sebum. A study of 101 Japanese women
revealed a positive correlation between the quantity of skin surface lipids
and darker pigmentation [32]. Finally, Pochi and Strauss measured seba
ceous gland secretion in 649 subjects, 10.3% of whom were black. Ana
tomically, the amount of sweat glands in black and white skins is identical
and varies with climatic changes but not with racial factors. The authors
concluded that, "No consistent difference in sebaceous gland activity was
found between black and white skin. As sebum is an integral etiologic
factor in acne, these findings are consistent with the clinical impression
and with epidemiologic data, albeit scant, that the incidence of acne vul
garis in the black population differs little, if at all, from the incidence in the
white population" [30]. McDonald's [33] conclusion coincides with the
above. McDonald explained that a racial difference in sebum levels would
lead to racial differences in the control of bacterial, viral, and other infec
tions. Sebum and sweat contribute to the "acid mantle" of the skin and
protect the skin from infection. However, blacks and whites have a similar
rate of cutaneous infection, suggesting that there is not a racial difference
in sebum and sweat secretion between blacks and whites.

The ratio of sebaceous glands to sweat glands is believed to be higher in blacks
and the sweat glands in darker skin are believed to be larger, providing better
tolerance to hot climates [34]. Black skin has many more mixed apocrine
eccrine sweat glands than does white skin [I]. There is no racial difference in
eccrine glands between white and black skin [I]. Apocrine glands are found
on all levels of the dermis in black skin. La Ruche and Cesarini concluded that,
anatomically, the amount of sweat glands in black and white skin is identical
and varies with climatic changes but not with racial factors [II].

2.7 Hair

There are two types of hair fibers, terminal and vellus. Terminal hair is
found on the scalp and trunk. Vellus hair is fine and shorter and softer than
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terminal hair. The hair fiber grows from the epithelial follicle, which is an
invagination of the epidermis from which the hair shaft develops via
mitotic activity and into which sebaceous glands open. The hair follicle is
one of the most proliferative cell types in the body and undergoes growth
cycles. The cycles include anagen (active growth), catagen (regression),
and telogen (rest). Each follicle follows a growth pattern independent of
the rest. The hair follicle is lined by a cellular inner and outer root sheath
of epidermal origin and is invested with a fibrous sheath derived from the
dermis. Each hair fiber is made up of an outer cortex and a central medulla.
Enclosing the hair shaft is a layer of overlapping keratinized scales, the
hair cuticle that serves as protective layers.

Racial differences in hair include the hair type, shape, and bulb. There are
four types of hair: helical, spiral, straight, and wavy. The vast majority of
blacks have spiral hair [35]. The hair of blacks is naturally more brittle and
more susceptible to breakage and spontaneous knotting than that of whites.
The kinky form of black hair, the weak intercellular cohesion between
cortical cells, and the specific hair grooming practices among black people
account for these effects [35]. The shape of the hair is different between
races: black hair has an elliptical shape, Asian hair has a round-shaped
straight hair, and Caucasian hair is intermediate [36,37]. The bulb deter
mines the shape of the hair shaft, indicating a genetic difference in hair
follicle structure [2]. The cross-section of black hair has a longer major
axis, a flattened elliptical shape, and curved follicles. Asian hair has the
largest cross-sectional area and Western European hair has the small
est [36,37]. Similarities between white and black hair include: cuticle
thickness, scale size and shape, and cortical cells [38].

The length and degree of curliness is genetically determined and varies
by race. The curly nature of black hair is believed to result from the
shape of the hair follicle [38]. By serial sectioning of hair follicles and
computer-aided reconstruction from people of different races, Lindelof
et al. [39] concluded that the black hair follicle has a helical form, whereas
the Asian follicle is completely straight and the Caucasian hair form is
intermediate. Taylor [21] reviewed and summarized articles about racial
differences in hair. Blacks were found to have fewer elastic fibers anchor
ing the hair follicles to the dermis compared to white subjects. Melano
somes were in the outer root sheath and in the bulb of vellus hairs in blacks,
but not in whites. Black hair also had more pigment and on microscopy
had larger melanin granules compared to hair from light-skinned and
Asian individuals.
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There is no difference in keratin types between hair from different races
and no difference in amino acid composition of hair from different
races [40]. Among Caucasian, Asian, and African, no differences in the
intimate structures of fibers were observed among these three types of
hairs, whereas geometry, mechanical properties, and water swelling dif
fered according to ethnic origin [41]. One study in 1941 did find variation
in the levels of some amino acids between black and white hair [42]. Black
subjects had significantly greater levels of tyrosine, phenylalanine, and
ammonia in the hair, but were deficient in serine and threonine.

The morphologic features of African hair were examined using the trans
mission and scanning electron microscopic techniques in an unpublished
study. The cuticle cells of African hair were compared with those of
Caucasian hair. Two different electron density layers were shown. The
denser exocuticle is derived from the aggregation of protein granules that
first appear when the scale cells leave the bulb region. The endocuticle is
derived from the zone that contains the nucleus and cellular organites. The
cuticle of Caucasian hair is usually six to eight layers thick and constant in
the hair perimeter, covering the entire length of each fiber. Black hair,
in contrast, has variable thickness; the ends of the minor axis of fibers are
six to eight layers thick, and the thickness diminishes to one or two layers
at the ends of the major axis. The loss of several layers of cuticle cells
revealing the cortex is usually seen on scanning electron microscopic
micrographs of this area. The weakened endocuticle is subject to numerous
fractures [431.

Black hair has a tight-curl pattern, which makes it particularly susceptible
to breakage when manipulated mechanically [44]. In order to obtain the
widest variety of styles, people with very curly hair, such as in blacks,
often straighten the hair by either pressing (thermally straightening hair
with a hot metal comb) or use of a chemical relaxer. This is among the
many cultural practices that may impact the disorders of the skin and hair
that are experienced by people of different ethnic groups.

2.8 Conclusion

Though more studies are needed, there are firm differences in the skin of
various ethnic groups. The major differences are as follows: The stratum
corneum of black skin is more compact and has greater intercellular adhe
sion than that of white skin. The epidermis of black skin rarely shows
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atrophied areas. The stratum lucidum in black skin is not altered by sun
light exposure. Lipid content in black skin is higher that that of white skin
[34]. However, black skin is more prone to dryness, suggesting that a dif
ference in lipid content plays a role. Whites have the least amount of
eumelanin, East Indians have more, and African-Americans have the high
est. The melanosomes of blacks are located mostly in the basal layer, are
larger, and are distributed individually throughout the epidermis; melano
somes of whites are located mostly in the stratum corneum, are associated
with a limiting membrane, and are distributed in clusters. Melanocytes in
black skin contain more than 200 melanosomes, but those of white skin
contain less than 20. The melanosomes of darker skin degrade more
quickly than those of lighter skin. The dermis of white skin is thinner and
less compact compared to that of black skin. Whereas the quantity is simi
lar in both blacks and whites, the size of melanophages is larger in blacks.
Also, the number of fibroblasts and lymphatic vessels are greater in black
skin. The mast cells of black skin contain larger granules. Skin conduc
tance is higher in blacks and Hispanics than in whites. In conclusion,
despite the recent surge in information regarding the properties of ethnic
skin, more studies are necessary for a complete understanding.
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3.1 Introduction

THE BIOLOGY OF HEALTHY AND AGING SKIN

The aging process has been studied with fervor recently, given our shifting
demographics. Since age's effects are so manifest in skin's appearance,
structure, mechanics, and barrier function, it is not surprising that much
effort has been placed in research to better understand them. Quantitative
measurements permitted by bioengineering have allowed us to objectively
and precisely study aging skin.

The anatomic facets of skin are infinite, making a complete review of
age-related changes in skin structure problematic. Therefore, we focus on
certain readily quantifiable aspects of skin: blood perfusion, pH, thickness
of strata, protein, glycosaminoglycan, water, and lipid content.

3.2 Cutaneous Blood Perfusion

A Laser Doppler Flowmetry study of 20 I people ages 10-89 revealed that
in areas with high blood flow, such as the lip, cushion of the third finger,
nasal tip, and forehead, blood flow decreased with age [1]. However, in
areas where the cutaneous blood perfusion was initially lower, such as the
trunk, no clear variation occurred with age [I]. This study also measured
cutaneous blood flow and surface temperature in finger cushions for
20 minutes after a 10-minute immersion in 100e water. The decrease in
blood flow after immersion was greater in people over age 50, and the
restorative ability poorer in those over age 70, compared to subjects
younger than age 50 [1]. A Laser Doppler Velocimetry study found that
skin's vasodilation response to heat stress and vasoconstriction in response
to cold challenge appears delayed in elderly subjects (ages 70-83), indi
cating a possibly reduced vessel density in aged skin [2]. This study only
included 9-10 people from young and old age groups, so it may not pro
vide the most conclusive answer to the question of the effect of age on
cutaneous perfusion.

Intravital capillaroscopy measurements of 26 subjects using fluorescin
angiography and native microscopy suggest a decrease in dermal papillary
loops and little change in horizontal vessels (post-capillary venules, ascend
ing arterioles, and part of subpapillary plexus) with increasing age [3]. An
immunohistochemical study of 19 individuals ranging from age 20 to
84 revealed little effect of intrinsic aging of buttock skin on blood perfu
sion, but progressive and marked decrease in cutaneous perfusion in the
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photo aged eye corners [4]. A photoplethysmographic study including
69 individuals ages 3-99 revealed significantly decreased capillary circu
lation in forehead skin with advancing age. Specific numbers were not
given, however.

A review of this data makes a clear conclusion difficult. There may be a
trend toward decreased cutaneous perfusion in older individuals, most
notably in photoaged areas; however, future studies with more subjects
will be helpful in further clarification.

3.3 pH

Skin's acidity, an important part of the skin surface ecosystem and a con
tributor to defense against microbiological or chemical insults, also plays a
role in skin barrier homeostasis and stratum corneum desquamation [5].

pH appears relatively constant, at least from childhood through age
70 [6-8]. However, skin surface pH rises significantly in adults near or
older than 70 years. Some have noticed that this effect is especially marked
in lower limbs, and therefore have attributed the increased pH to stasis and
reduced oxygen supply frequently observed on the lower limbs in older
individuals [9].

We expect that even this well-studied parameter may yield new insights
when the stratum corneum is examined in a microdissected manner [10].
Furthermore, pH measurements taken from the skin surface should be inter
preted cautiously as "apparent pH"; we are measuring extracted material
of the stratum corneum (SC) diffusing into water applied at the stratum
corneum surface, where hydrogen ions are not in solution [11].

3.4 Skin Thickness

The effect of age on the thickness of the skin strata is one of the more con
troversial topics among dermatological researchers. Comparing measures
of skin layer thickness between individuals (and between studies) is espe
cially challenging due to significant variation in measurements between
individuals and between sites within each individual.

Qualitative histologic data from young and old skin provide a foundation
for discussing skin strata thickness quantitatively. Microscopic appearance
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of aged skin reveals a thinner epidermis than young skin, although the
intrafollicular epidermis maintains a constant thickness. The epidermal
thinning is primarily due to a retraction of the rete pegs, resulting in a
flattened interface between the epidermis and dermis. One consequence is
that aged epidermis becomes less resistant to shearing forces and more
easily tom after trauma [4,12].

The flattening of the interface is also observed histologically at the ultra
structural level. In young skin, basal cells display numerous villous cyto
plasmic projections into the dermis, resulting in a highly convoluted dermal/
epidermal interface. In contrast, basal cells from aged skin lack these serra
tions, and the dermal/epidermal junction is flattened. Hull and Warfel used
scanning electron microscopy to determine that the corrugated papillary
interface between the dermis and epidermis is visible up through the sixth
decade; flattening occurs in the sixth through tenth decades [12]. This flat
tening may also be associated with a decreased proliferative potential of
aged epidermis and could also affect absorption [12,13].

Aside from increased basal cell atypia, keratinization does not appear mark
edly different in aged epidermis. Keratin filaments, lamellar bodies, and
keratohyalin granules are histologically present in usual amounts. The
appearance and number of horny cells does not appear to change or dimin
ish with age, so the stratum corneum retains its normal thickness of approx
imately 14-17 layers [12].

Ultrasound and microscopy studies focusing specifically on changes in
SC thickness with age show little or no appreciable change, even up to
the age of 97 [14,15]. However, note that there is significant variation
in SC thickness between individuals and between sites within each
individual.

Studies of epidermal thickness agree less. A confocal microscopy study of
34 women ages 18-69 found that the living epidermis thins on the back of
the arm with increased age [15]. A morphometric analysis of histological
sections from 64 individuals between 20 and 80 years old found progres
sive and significant (6.4% per decade) thinning of the epidermis, begin
ning in subjects as young as 30 years [16]. However, a microscopic study
of punch biopsies from the dorsal forearm, buttock, and shoulder included
71 people ages 20-68 and found no significant change in epidermal thick
ness with age [17]. It is difficult to explain these differences between studies,
other than to tentatively attribute them to differences in site. Branchet et al.
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[17] analyzed the upper inner arm, whereas the other studies looked at
different areas. To reach consensus, it may be important for future studies
to focus on standardized skin sites so that their results can be more easily
compared. Analyses regarding dermal thickness reveal similar results: no
change on the back of the arm [17] and progressive thinning on the upper
inner arm [16]. Again, skin site may be the main explanatory factor for
these contradictory results.

With studies conflicting on whether changes occur in epidermal and dermal
thickness, clearly studies of whole skin thickness are just as challenging to
interpret. An ultrasound study analyzed the effects of aging on two anatomi
cally similar areas of neck, one exposed to the sun throughout life, and the
other covered. This experiment included 30 women age 81 ± 6 and found
thinning of the skin (- 0.1 mm difference) in the photoaged region compared
to the covered area [18]. A larger study of 170 females ages 17-76 used
A-mode ultrasound to find significant thinning with age on sun-protected
skin, and thickening with age on sun-exposed skin [19]. The differences
between these studies might be accounted for by the older population in
the study by Richard et aI. [181, or by the use of different modes of ultra
sound. Richard et aI. suggested that perhaps solar elastosis causes thicken
ing in photoaged skin of younger individuals, but that this ceases to occur
in older people [18]. Other studies found an increase in skin thickness over
the first 20 years of life, then a period of either constant skin thickness
or progressive thinning, followed by more marked thinning in older indi
viduals, such that a diagram of skin thickness versus age might look like a
bell curve [20-23]. However, using B-mode ultrasonography, Pellacani
and Seidenari found an increase in facial skin thickness with age in 40
people between 25 and 90 years old [24]. Yet other ultrasound studies
showed thinning of forehead skin with age [25,26). One B-mode ultra
sound study of 61 women ages 18-94 found that skin thickness increased
on the forehead and buttock but decreased in extremity skin with increasing
age [271.

Despite extensive data, it is difficult to define the effects of aging on whole
skin thickness. Like the skin strata, individual and regional variation likely
plays a large role in the answer to this question. Also, elastoic effects
of chronic sun exposure are probably involved. Furthermore, hormonal
differences between individuals and throughout the aging process may
confound studies of skin thickness. The effects of estrogen on skin aging
are reviewed by Shah and Maibach [28]. More concordant future results
relating skin thickness and age might be obtained by greater standardization
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of body site, patient population, and ultrasound method, such that different
laboratories use the same frequency and gain curves.

3.5 Proteins

3.5.1 Collagen

Collagen, which comprises approximately 70-80% of the dry weight
of the dermis, is primarily responsible for skin's tensile strength. Each
collagen molecule consists of three polypeptide chains, each containing
about 1,000 amino acids in their primary sequence. In the collagen molecule
the alpha-chains are wrapped around each other to make a triple helical
conformation [29]. In chronologically aged skin, the rate of collagen
synthesis, activity of enzymes that act in the post-translational modifica
tion, collagen solubility, and thickness of collagen fiber bundles in the
skin all decrease [27,30]. Also, the ratio of type III to type I collagen
increases with increasing age [27,31]. In photoaged skin, however, colla
gen fibers are fragmented, thickened, and more soluble [27]. It is plausible
that reduced collagen deposition in elderly skin could explain develop
ment of dermal atrophy and might relate to poor wound healing in the
elderly [30].

Histological data, though not quantitative, reveals important information
about orientation and arrangement of collagen fibers in skin. Lavker et al.
compared skin from the upper inner arm of old (ages 70-85) and young
(ages 19-25) individuals using light, transmission electron, and scanning
electron microscopy [32]. Interestingly, they suggested that the upper inner
arm might be an optimal site for analyzing sun-protected skin, because
it is not exposed to the pressure deformations and reformations occurring
in the buttock. They found that in young adults, collagen in the papillary
dermis forms a meshwork of randomly oriented thin fibers and small
bundles. The reticular dermis consists of loosely interwoven, large, wavy,
randomly oriented collagen bundles. However, the collagen within each
bundle is packed together closely [32]. In aged skin the density ofthe col
lagen network appears to increase. This likely reflects a decrease in ground
substance that would otherwise form spaces between the collagen [32].
Also, rather than appearing in discrete ropelike bundles of tightly packed
fibers, collagen forms aggregates of loosely woven, mostly straight fibers.
As fibers become straighter in aged skin, there is less room for the skin to
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be stretched, so tensile strength increases [32]. Using immuno-electron
microscopy, Vitellaro-Zuccarello et al. found similar age-related trends in
skin collagen. They also noted greater intensity of collagen III staining in
subjects over 70 years of age [33]. Hence histological and more recent
methods are in agreement, revealing that increased age is associated with
decreased collagen content and straightening of collagen fibers, forming
looser bundles, an increased type III:type I collagen ratio, and decreased
ground substance.

3.5.2 Elastin

The skin's intact elastic fiber network, which occupies approximately 2-4%
of the dermis by volume, provides resilience and suppleness. This network
shows definite changes associated with aging, especially between the ages
of 30 and 70. In sun-exposed skin, an excessive accumulation of elastoic
material occurs. Accumulation of new elastin in response to photoaging is
also apparent from upregulation of the elastin promoter activity and
increased abundance of elastin mRNA [34,35]. Bernstein et al. compared
photo aged to intrinsically aged skin, and found a 2.6-fold increase in elastin
mRNA, a 5.3-fold increase in elastin expression, and a 5-fold increase in
elastin promoter activity in photo damaged skin [34]. However, these appar
ent increases in elastin synthesis do not account for the massive accumula
tion of elastoic material seen histologically in photoaged skin [34]. Some
attribute this to elastin degradation being slower than synthesis, leading
to an accumulation of partially degraded fibers. In purified skin elastin,
the amount of racemized aspartic acid increases rapidly and is highly cor
related with age (r = 0.98) [35). This indicates that skin's elastin, like
elastin in the aorta and lung, is long-lived and accumulates damage over
time [36,37].

In innate aging, fragmentation of elastic fibers results in their decreased
number and diameter. Computerized image analysis of elastin-stained skin
biopsies from the buttock and upper inner arm reveal an age-related increase
in mean elastin fiber length and percentage surface area coverage in the
dermis, but these fibers are thought to be abnormally enriched in polar
amino acids, carbohydrates, lipids, and calcium [36]. Through different
mechanisms, photoaging and intrinsic aging ultimately result in a defi
ciency of functional, structurally intact elastic fibers [30]. The finer oxyta
Ian fibers in the papillary dermis are depleted or lost altogether; eluanic and
elastic fibers become progressively abnormal. These alterations largely
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account for the widely recognized decrease in skin's physiological elastic
ity with increased age [36].

Examination of intrinsically aged skin elastin and fibrillin with immuno
histochemical staining revealed that elastin was located in the papillary
dermis just below the basement membrane, as small fibers mostly oriented
perpendicular to the epidermis. In the deeper dermis, fibers were thicker
and oriented differently. Areas surrounding adnexal structures and larger
vessels in the deep dermis were also intensely stained [34]. Photoaged skin
demonstrated similar small-diameter fibers just below the basement mem
brane within a zone lacking excessive staining, which was of variable
thickness [34]. This may correspond to the subepidermal low echogenic
band seen in ultrasound imaging. Beneath this area of relatively sparse
staining was a region of poorly formed, clumped, thick fibers. This stain
ing pattern occupied the superficial to mid-dermis, below which staining
again resumed its well-defined pattern as seen in sun protected skin [34].

Elastin, therefore, exhibits numerous age-related changes, including slow
degradation and accumulation of damage in existing elastin with intrinisic
aging, increased synthesis of apparently abnormal elastin in photoexposed
areas, and abnormal localization of elastin in the upper dermis of photo
damaged skin. These factors lead to the histologically evident elastoic
accumulation and contribute to characteristic changes in ultrasound images
of aged skin.

3.5.3 General Protein Structure

Through Raman spectroscopy, little difference is seen between photoex
posed and protected areas in young individuals; the majority of proteins in
young skin are in helical conformation. Intrinsically aged skin shows
slightly altered protein structure, and photoaged skin reveals markedly
altered protein conformation, with increased folding and less exposure of
aliphatic residues to water [38,39]. Amino acid composition of proteins and
free amino acids in aged skin also differ significantly from that of young
skin, including an increase in overall hydrophobicity of amino acid frac
tions from the elderly [40]. Because free amino acids are believed to playa
key role in stratum corneum water binding, this shift in their composition,
combined with the evidence of altered tertiary protein structure, provides
insight into the increased incidence of xerosis in aged individuals.
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3.6 Glycosaminoglycans
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Glycosaminoglycans (GAGs) are composed of specific repeating disaccha
ride units. Those attached to a core protein are referred to as proteoglycans
and are found widely distributed throughout the skin. GAGs most often
present in human skin are hyaluronic acid (not attached to a protein core)
and the proteoglycan family of chondroitin sulphates, including dermatan
sulphate [41]. GAGs are especially important in skin because they bind
up to 1,000 times their volume in water. Therefore, skin hydration is
highly related to the content and distribution of dermal GAGs, especially
hyaluronic acid [41].

GAGs increase in photoaged skin compared to young or intrinsically aged
skin [38,41]. This seems paradoxical, because photoaged skin appears
leathery and dry, unlike newborn skin, which also contains high levels of
GAGs. Confocal laser scanning microscopy reveals that GAGs in photo
damaged skin are abnormally deposited on elastoic material, rather than
diffusely scattered as in young skin [41]. This aberrant localization may
interfere with normal water binding by GAGs, despite their increased
number.

3.7 Water

In young skin, most water is bound to proteins and, appropriately, is called
bound water [39]. This is important for the structure and mechanical prop
erties of many proteins and their mutual interactions. Water molecules not
bound to proteins bind to each other, and are called tetrahedron or bulk
water [39].

Intrinsic aging does not appear to alter water structure significantly [38].
However, in photoaged skin, Raman spectroscopy reveals an increase in
total water content. Again, this seems paradoxical, because aged skin
is often dry and weathered. However, structurally, significantly more of
the water in aged skin is in tetrahedron form. Thus, because proteins are
more hydrophobic and folded, and GAGs are clumped on elastoic mate
rial, they interact less with water, and water in aged skin binds to itself
instead. This lack of interaction between water and surrounding molecules
in photoaged skin likely contribute to its characteristically dry and wrinkled
appearance.
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The "brick and mortar" model is often employed to describe the stratum
corneum's protein-rich corneocytes embedded in a matrix of ceramides,
cholesterol, and fatty acids, and smaller amounts of cholesterol sulphate, glu
cosylceramides, and phospholipids. These lipids form multilamellar sheets
amidst the intercellular spaces of the stratum corneum, and are critical to
the SC's mechanical and cohesive properties, enabling it to function as an
effective water barrier [42]. Changes in SC lipid content have been linked to
skin conditions such as xerosis and possibly atopic dermatitis [42].

Many authors agree that overall lipid content of human skin decreases with
age [42--44]. Using high performance thin layer chromatography (HPTLC),
Rogers et al. found a 30% decrease in the face, hand, and leg in older subjects,
but the older group only extended to age 50. No significant change was seen
in proportional composition of lipid classes or ceramide species [42].
Schreiner et al. used small angle X-ray diffraction to compare lipid composi
tion in subjects aged 23-27 years to subjects aged 63-69 years [45]. They did
not see any overall difference in lipid quantity or composition between the
groups. However, the aged group consisted of only four subjects, and again,
included a narrow age range. Saint Leger et al. studied the lower legs of
50 subjects and found that the lipid profile was constant from age 50 upward;
overall, aging was associated with a slight decrease in sterol esters and tri
glycerides [44]. Cua et al. noted significant regional variation within indi
viduals as they studied 11 sites on 29 people, comparing individuals in their
third decade of life to those in their eighth. Interestingly, they, too, found little
relation between skin surface lipid content and age, except on the ankle,
where the elderly demonstrated decreased lipid content [46]. From these con
flicting studies, it is difficult to conclude with certainty whether lipid content
decreases with age. Many confounding factors may hinder such studies,
including seasonal and diurnal variation, general interindividual variation,
and the use of several different methodologies by different researchers.

3.9 Conclusions

Despite numerous impressive technological methodologies, data regarding
age-related changes in skin structure and function are often conflicting
and difficult to interpret. Multiple studies of blood flow present multiple
conclusions. There may be a trend toward decreased cutaneous perfusion
in older individuals, most notably in photo aged areas. pH measurements
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are more concordant; it appears that skin pH is constant throughout adult
hood until approximately 70 years of age, after which it rises significantly.
This may be in part due to stasis of blood in elderly individuals, especially
in lower limbs [9].

We have great difficulty in reaching consensus regarding age-related
changes in skin strata thickness. Though it is accepted that aging presents
retraction of rete pegs and flattening of the epidermal-dermal junction, and
though most agree that the stratum corneum maintains relatively constant
thickness throughout life, quantitative measurements of epidermal, dermal,
and whole skin thickness versus age provide no single answer. It appears
that the epidermis thins with age on some body sites, such as the upper
inner arm [17] and back of the upper arm [14], but remains constant on
others, such as the buttock, dorsal forearm, and shoulder [15]; this variation
is clearly not accounted for by sun or environmental exposure alone. Dermal
thickness presents similar variation.

Whole skin thickness has been seen by some to increase in youth, remain
constant during adulthood, and decrease in the elderly [20-23]. However,
others maintain that photoexposed areas thicken with age, whereas pro
tected areas become thinner [19]. Some suggest that changes with age are
more related to skin's location on the extremities or axially than to sun
exposure [40]. Differences in study method, population, and body site likely
account for these markedly different results and tend to obscure a reasonable
conclusion.

Collagen becomes less soluble, thinner, and sparser in intrinsically aged
skin, but is thickened, fragmented, and more soluble with photoaging [38].
The ratio of type III to type I collagen is reported to increase with
age [31,33,38]. Histologically, young collagen is randomly organized into
a meshwork of loosely interwoven bundles. Age leads to a loosening within
these bundles and straightening of collagen fibers, increasing skin's tensile
strength [24].

Elastin is a long-lived protein in human skin; it appears to accumulate dam
age with age and sun-exposure. New elastin is synthesized in greater quan
tities in aged skin, but it is thought that this synthesis results in abnormally
structured elastin [34,47]. Also, elastin degradation does not appear to keep
pace with new synthesis in aged skin. This results in massive accumulations
of elastoic material, especially in photoaged skin. The abnormal structure
of this elastin prevents it from functioning as it does in young skin.
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Studies of primary and tertiary skin protein structure in aged skin reveal an
environment unfriendly to water, with an overall increase in hydrophobic
amino acids and greater folding such that aliphatic residues are more hidden
from water [38,40]. Also, although total amounts of glycosaminoglycans
appear to be increased in aged skin, these are abnormally localized on the
elastoic material in the superficial dermis; thus, they are unable to bind
water as well as if they were scattered appropriately throughout the whole
dermis [41]. Hence, it is not surprising that, although aged skin contains
increased amounts of water, most of this water is bound to itself in tetrahe
dral form, rather than being bound to proteins and GAGs as it is in young
skin [38]. These factors together likely contribute to increased xerosis and
withered appearance of aged skin.

Though it tends to be an accepted assumption that lipid content decreases
with age, quantitative studies are conflicting. Some indicate a marked age
related decrease in skin lipids, at least up to age 50 [42], whereas others
indicate little or no relationship [45,46].
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4.1 Introduction

THE BIOLOGY OF HEALTHY AND AGING SKIN

Among all environmental factors, solar ultraviolet (UV) radiation is most
important for premature skin aging, a process accordingly also termed pho
toaging [I]. Other factors include exposure to near-infrared radiation (IRA;
760-1440 nm) from sunlight or artificial IRA radiation devices, tobacco
smoke, and particulate matter from airborne traffic pollution [2,3].

Within recent years substantial progress has been made in elucidating the
molecular mechanisms underlying extrinsic skin aging. These studies have
initially focused on photoaging of the skin. From this large body of research
it is now clear that both UVB (290-320 nm) and UVA (320-400 nm) radia
tion contribute to photoaging. UV-induced alterations at the level of the
dermis are best studied and appear to be largely responsible for the pheno
type of photoaged skin. It is also generally agreed that UVB acts preferen
tially on the epidermis, where it not only damages DNA in keratinocytes
and melanocytes but also causes the production of soluble factors including
proteolytic enzymes, which then in a second step affect the dermis. In
contrast, UVA radiation penetrates far more deeply on average and hence
exerts direct effects on both the epidermal and the dermal compartment.
UVA is also 10-100 times more abundant in sunlight than UVB, depending
on the season and time of day. It has therefore been proposed that, although
UVA photons are individually far less biologically active than UVB pho
tons, UVA radiation may be at least as important as UVB radiation for the
pathogenesis of photoaging [4].

The exact mechanisms by which UV radiation causes premature skin aging
are not yet clear, but a number of molecular pathways have been described
to explain one or more of the key features of photoaged skin. Some of these
models are based on irradiation protocols, which use single or few UV
exposures, whereas others take into account the fact that photoaging results
from chronic UV damage and as a consequence employ chronic repetitive
irradiation protocols. Still others rely on largely theoretic constructs rather
than on experimental observations.

It should be noted that many if not most of the detrimental effects that
are induced by UVB and UVA radiation also occur upon exposure of the
skin to other environmental assaults, but that the molecular mechanisms
and signaling pathways involved may differ substantially. As an example,
UV radiation as well as IRA radiation cause collagen degradation in the
skin (and thereby wrinkle formation) by upregulating the expression of
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collagen degrading proteases such as matrix metalloproteinase-l (MMP-l)
in dermal fibroblasts and in both instances this effect is causally related to
the intracellular generation of oxidative stress [1,5-7]. In the case of
IRA radiation, the oxidative stress is being generated within mitochondria
(reactive species leak out of the mitochondrial respiratory chain as a
consequence of IRA irradiation) and this intramitochondrial production
of reactive oxygen species initiates a retrograde signaling response, which
is directed from the mitochondria toward the cell nucleus [7]. In marked
contrast, UV radiation-induced MMP-l induction is not mediated by a
retrograde mitochondrial signaling pathway, but involves a singlet oxygen
triggered disturbance of cell membrane microdomains (in the case of
UVA-I), or activation of intracytoplasmatic transcription factors such as
the arylhydrocarbon receptor pathway (in the case of UVB) or the genera
tion of cyclobutane pyrimidine dimers in nuclear DNA (in the case of
UVB) [8,9). In other words, all these environmental assaults may cause
similar clinical, histological, and even molecular problems, but they are
initiated and mediated through distinct intracellular pathways and thus are
differentially susceptible to prevention strategies. Indeed, effective preven
tion of UV versus IRA radiation-induced premature skin aging requires
distinct antioxidants: in the case of IRA, antioxidants that preferentially
localize within mitochondria work best, whereas for UV, antioxidants
that accumulate in the cytoplasm or enzymes that are capable of repairing
nuclear DNA will be more effective [7,10).

In this chapter we will focus on the most popular pathogenic concepts
relevant for UV-induced skin aging, because photoaging is by far the best
studied and probably also most relevant example of extrinsic skin aging. For
more detailed information on IRA radiation and tobacco smoke-induced
skin aging, interested readers should refer to a recent review [2].

4.2 Mitochondrial DNA Mutations and Photoaging

Mitochondria are organelles whose main function is to generate energy
for the cell. This is achieved by a multistep process called oxidative phos
phorylation or electron-transport-chain. Located at the inner mitochondrial
membrane are five multiprotein complexes that generate an electrochemi
cal proton gradient used in the last step of the process to tum Adenosine
diphosphate (ADP) and organophosphate into Adenosine triphosphate
(ATP). This process is not completely error free and ultimately this leads to
the generation of reactive oxygen species (ROS), making the mitochondrion
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the site of the highest ROS turnover in the cell. In close proximity to this
site lies the mitochondria's own genomic material, the mitochondrial (mt)
DNA. The human mtDNA is a 16,559-bp-long, circular, and double
stranded molecule of which 4 to 10 copies exist per cell. Mitochondria do
not contain any repair mechanism to remove bulky DNA lesions. Although
they do contain base excision repair mechanisms and repair mechanisms
against oxidative damage, the mutation frequency of mtDNA is approxi
mately 50-fold higher than that of nuclear DNA. Mutations of mtDNA
have been found to playa causative role in degenerative diseases such as
Alzheimer's disease, chronic progressive external ophthalmoplegia, and
Kearns-Sayre syndrome [II]. In addition to degenerative diseases, muta
tions of mtDNA may play a causative role in the normal aging process,
with an accumulation of mtDNA mutations accompanied by a decline of
mitochondrial functions. Recent evidence indicates that mtDNA mutations
are also involved in the process of photoaging [4].

Photoaged skin is characterized by increased mutations of the mitochon
drial genome [1,12,13]. Intraindividual comparison studies have revealed
that the so-called common deletion, a 4,977 base pair deletion of mtDNA,
is increased up to IO-fold in photoaged skin, as compared with sun-protected
skin of the same individuals. The amount of the common deletion in human
skin does not correlate with chronological aging [14], and it has there
fore been proposed that mtDNA mutations such as the common deletion
represent molecular markers for photoaging. In support of this concept it
was shown that repetitive, sublethal exposure to UVA radiation at doses
acquired during a regular summer holiday induces mutations of mtDNA in
cultured primary human dermal fibroblasts in a singlet oxygen-dependent
fashion [15]. Even more importantly, in vivo studies have revealed that
repetitive three-times daily exposure of previously unirradiated buttock skin
for a total of two weeks to physiological doses of UVA radiation leads to an
approximately 40% increase in the levels of the common deletion in the
dermal, but not epidermal, compartment of irradiated skin [16]. Also, use of
sunbeds for a period of only 3 months increased mtDNA mutagenesis in vivo
in human skin [17]. Furthermore, it was shown that, once induced, these
mutations persist for at least 16 months in UV-exposed skin [16]. Interest
ingly, in a number of individuals, the levels of the common deletion in
irradiated skin continued to increase with a magnitude up to 32-fold.

It has been postulated for the normal aging process as well as for photoaging
that the induction of ROS generates mtDNA mutations, in turn leading
to a defective respiratory chain and, in a vicious cycle, inducing even more
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ROS and subsequently allowing mtDNA mutagenesis independent of the
inducing agent [16]. It is the characteristic of vicious cycles that they
evolve at ever increasing speeds. Thus, the increase of the common dele
tion up to levels of 32-fold, independent of UV exposure, may represent
the first in vivo evidence for the presence of such a vicious cycle in general
and in human skin in particular.

The mechanisms by which generation of mtDNA mutations by UVA expo
sure translates into the morphologic alterations observed in photoaging
of human skin are currently being unraveled. In general, a cause-effect
relationship between premature aging and mtDNA mutagenesis is strongly
suggested by studies employing homozygous knock-in mice that express a
proofreading-deficient version of PolgA, the nucleus-encoded subunit of
mtDNA polymerase [18]. As expected, these mice develop an mtDNA
mutator phenotype with increased amounts of deleted mtDNA. This
increase in somatic mtDNA mutations was found to be associated with
reduced lifespan and premature onset of aging-related phenoytypes such
as weight loss, reduced subcutaneous fat, alopecia, kyphosis, osteoporosis,
anemia, reduced fertility, and heart enlargement.

In addition, recent studies demonstrate that UVAradiation-induced mtDNA
mutagenesis is of functional relevance in primary human dermal fibro
blasts and apparently has molecular consequences suggestive of a caus
ative role ofmtDNA mutations in photoaging of human skin as well [19].
Accordingly, induction of the common deletion in human skin fibroblasts
is paralelled by a measurable decrease of oxygen consumption, mitochon
drial membrane potential, and ATP content as well as an increase of
MMP-l, whereas TIMP remains unaltered, an inbalance that is known to
be involved in photoaging of human skin (see below). These observations
suggest a link not only between mutations of mtDNA and cellular energy
metabolism, but also between mtDNA mutagenesis, energy metabolism,
and a fibroblast gene expression profile that would functionally correlate
with increased matrix degradation and thus premature skin aging. In order
to provide further evidence for a role of the energy metabolism in mtDNA
mutagenesis and the development of this "photoaging phenotype," the
effect of creatine was studied in these cells. This applied the hypothesis
that generation of phosphocreatine, and consequently ATP, is facilitated if
creatine is abundant in cells. This would allow easier binding of existing
energy-rich phosphates to the energy precursor creatine. Indeed, experimen
tal supplementation of normal human fibroblasts with creatine normalized
mitochondrial mutagenesis as well as the functional parameters of oxygen
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consumption and MMP-l, whereas an inhibitor of creatine uptake abrogated
this effect [19].

In another experimental approach, partial depletion of mtDNA from dermal
fibroblasts caused a gene expression profile in these cells reminiscent of
photoaging [20]. Specifically, there was significant upregulation of the
expression of genes involved in collagen degradation, but expression of
genes relevant for collagen de novo synthesis was decreased. Taken together,
these studies strongly indicate that UV-induced mtDNA mutagenesis leads
to photoaging of human skin.

4.3 Connective-Tissue Alterations in Photoaging:
The Role of Matrix Metalloproteinases
and Collagen Synthesis

Photoaged skin is characterized by alterations of the dermal connective
tissue. The extracellular matrix in the dermis mainly consists of type I and
type III collagen, elastin, proteoglycans, and fibronectin. In particular,
collagen fibrils are important for the strength and resiliency of skin, and
alterations in their number and structure are thought to be responsible for
wrinkle formation. In photoaged skin, collagen fibrils are disorganized
and abnormal elastin-containing material accumulates [21]. Biochemical
studies have revealed that in photoaged skin levels of types I and III col
lagen precursors and cross-links are reduced, whereas elastin levels are
increased [22,23].

How does UV radiation cause these alterations? In principle it is conceiv
able to assume that UV radiation leads to an enhanced and accelerated
degradation and/or a decreased synthesis of collagen fibers and our current
knowledge indicates that both mechanisms may be involved.

A large number of studies unambiguously demonstrate that the induction
of matrix metalloproteinases (MMPs) plays a major role in the patho
genesis of photoaging. As indicated by their name, these zinc-dependent
endopeptidases show proteolytic activity to degrade matrix proteins such
as collagen and elastin. Each MMP degrades different dermal matrix
proteins, for example MMP-l cleaves collagen type I, II, and III, whereas
MMP-9, which is also called gelatinase, degrades collagen types IV and V,
and gelatin. Under basal conditions, MMPs are part of a coordinate network
and are precisely regulated by their endogenous inhibitors, i.e., tissue-specific
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inhibitors of MMPs (TIMPs), which specifically inactivate certain MMPs.
An inbalance between activation of MMPs and their respective TIMPs
could lead to excessive proteolysis.

It is now very well established that UV radiation induces MMPs without
affecting the expression or activity ofTIMPs [24,25]. These MMPs can be
induced by both UVB and UVA radiation, but the underlying photobiologi
cal and molecular mechanisms differ depending on the type of irradiation.
In a very simplified scheme, UVA radiation would mostly act indirectly
through the generation of reactive oxygen species, in particular singlet
oxygen, which subsequently can exert a multitude of effects such as lipid
peroxidation, activation of transcription factors, and generation of DNA
strand breaks [24]. While UVB radiation-induced MMP induction has
been shown to involve the generation of ROS as well [26], the main mech
anism of action of UVB is the direct interaction with DNA via the induc
tion of DNA damage. Recent studies have indeed provided evidence that
enhanced repair of UVB-induced cyclobutane pyrimidine dimers in the
DNA of epidermal keratinocytes through topical application of liposomally
encapsulated DNA repair enzymes on UVB-irradiated human skin prevents
UVB radiation-induced epidermal MMP expression [10].

The activity of MMPs is tightly regulated by transcriptional regulation,
and elegant in vivo studies by Fisher et aI. have demonstrated that exposure
of human skin to UVB radiation leads to the activation of the respective
transcription factors [27]. Accordingly, UV exposure of human skin not
only leads to the induction of MMPs within hours after irradiation. but
already within minutes, transcription factors AP-l and NFkB, which are
known stimulatory factors of MMP genes, are induced. These effects can
be observed at low UVB dose levels, because transcription factor activation
and MMP-l induction could be achieved by exposing human skin to one
tenth of the dose necessary for skin reddening (0.1 minimal erythema
dose). Subsequent work by the same group clarified the major compo
nents of the molecular pathway by which UVB exposure leads to the
degradation of matrix proteins in human skin. Low-dose UVB irradiation
induced a signaling cascade that involves upregulation of epidermal growth
factor receptors, the GTP-binding regulatory protein p2l Ras, extracellular
signal-regulated kinase, c-jun amino terminal kinase, and p38. Elevated
c-jun together with constitutively expressed c-fos increased activation
of AP-l. Identification of this UVB-induced signaling pathway does
not only unravel the complexity of the molecular basis that underlies
UVB radiation-induced gene expression in human skin, but also provides
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a rationale for the efficacy of tretinoin (all-trans-retinoic acid) in the treat
ment of photo aged skin. Accordingly, topical pretreatment with tretinoin
inhibited the induction and activity of MMPs in UVB-irradiated skin
through prevention of AP-I activation.

Inaddition to destruction of existing collagen through activation of MMPs,
failure to replace damaged collagen is thought to contribute to photoaging
as well. Accordingly, in chronically photodamaged skin, collagen synthesis
is downregulated as compared to sun-protected skin [28]. The mechanism
by which UV radiation interferes with collagen synthesis is not yet known,
but in a recent study evidence has been provided that fibroblasts in severely
(photo )damaged skin have less interaction with intact collagen and are
thus exposed to less mechanical tension, and it has been proposed that this
situation might lead to decreased collagen synthesis [29].

4.4 UV-Induced Modulation of Vascularization

There is increasing evidence that cutaneous blood vessels may playa role
in the pathogenesis of photoaging. Photoaged skin shows vascular damage
that is absent from intrinsically aged skin. In mildly photodamaged skin,
there is venular wall thickening, whereas in severely damaged skin the
vessel walls are thinned and supporting perivascular veil cells are reduced
in number [30]. The number of vascular cross-sections is reduced [31],
and there are local dilations, corresponding to clinical telangiectases.
Overall, there is a marked change in the horizontal vascularization pattern,
with dilated and distorted vessels. Studies in humans as well as in the hair
less Skh-I mouse model for skin aging have demonstrated that acute and
chronic UVB irradiation greatly increases skin vascularization [32,33].

The formation of blood vessels from pre-existing vessels is tightly con
trolled by a number of angiogenic factors as well as factors that inhibit
angiogenesis. These growth factors include basic fibroblast growth factor,
interleukin-S, tumor growth factor-beta, platelet-derived growth factor,
and vascular endothelial growth factor (VEGF). VEGF appears to be
involved in chronic UVB damage because UVB radiation-induced dermal
angiogenesis in Skh-I mice is associated with increased VEGF expression
in the hyperplastic epidermis of these animals [33]. Even more important,
targeted overexpression of the angiogenesis inhibitor Thrombospondin-I
does not only prevent UVB radiation-induced skin vascularization and
endothelial cell proliferation, but significantly reduces dermal photodamage
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and wrinkle formation. These studies suggest that UVB radiation-induced
angiogenesis plays a direct biological role in photoaging.

4.5 Photoaging as a Chronic Inflammatory Process

In contrast to intrinsically aged skin, which shows an overall reduction in
cell numbers, photoaged skin is characterized by an increase in the number
of dermal fibroblasts, which appear hyperplastic, but also by increased
numbers of mast cells, histiocytes, and mononuclear cells. The presence of
such a dermal infiltrate indicates the possibility that a chronic inflamma
tory process takes place in photoaged skin, and in order to describe this
situation the terms heliodermatitis and dermatoheliosis have been coined
[34]. More recent studies have shown that increased numbers of CD4+
T-cells are present in the dermis, whereas intraepidermally, infiltrates of
indeterminate cells and a concomitant reduction in the number of epidermal
Langerhans cells have been described [35,36]. It is currently not known
whether the presence of inflammatory cells represents an epiphenomenon
or these cells playa causative role in the pathogenesis of photoaging, for
example, through the production of soluble mediators that could affect the
production and/or degradation of extracellular matrix proteins.

4.6 Protein Oxidation and Photoaging

The aging process is accompanied by enhanced oxidative damage. All
cellular components including proteins are affected by oxidation [37].
Protein carbonyls may be formed either by oxidative cleavage of proteins
or by direct oxidation of lysine, arginine, proline, and threonine residues.
In addition, carbonyl groups may be introduced into proteins by reactions
with aldehydes produced during lipid peroxidation or with reactive car
bonyl derivatives generated as a consequence of the reaction with reducing
sugars or their oxidation products with lysine residues of proteins.

Within the cell, the proteasome is responsible for the degradation of
oxidized proteins. During the aging process this function of the proteasome
is diminished and oxidized proteins accumulate. In addition, lipofuscin, a
highly cross-linked and modified protein aggregate, is formed. This aggre
gate accumulates within cells and is able to inhibit the proteasome. These
alterations mainly occur within the cytoplasm, and lipofuscin does not
accumulate in the nucleus.
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In biopsies from individuals with histologically confirmed solar elastosis,
an accumulation of oxidatively modified proteins was found specifically
within the upper dermis [38]. Protein oxidation in photoaged skin was
most likely due to UV irradiation, because repetitive exposure of human
buttock skin for 10 days to increasing UV doses as well as in vitro irradia
tion of cultured dermal fibroblasts to UVB or UVA radiation caused
protein oxidation. The functional relevance of increased protein oxidation
in UV-irradiated dermal fibroblasts, in particular with regard to the patho
genesis of photoaging, is currently not known. Very recent studies, how
ever, indicate that increased protein oxidation, which may result from a
single exposure of cultured human fibroblasts to UVA radiation, inhibits
proteasomal functions and thereby affects intracellular signaling pathways
that are involved in MMP-I expression.

4.7 Conclusion

From the above it is evident that major progress has been made recently in
identifying molecular mechanisms involved in photoaging. In this regard,
skin has proven to serve as an excellent model organ to understand basic
mechanisms relevant for extrinsic aging.

Despite all this progress, however, a general, unifying concept linking the
different mechanisms and molecular targets described in the previous
paragraphs is still missing. In other words, the critical question to answer
is: How do mitochondrial DNA mutagenesis, telomere shortening, neo
vascularization, protein oxidation, downregulation of collagen synthesis,
and increased expression of matrix metalloproteinases together cause
photoaging of human skin? Which of these mechanisms are of primary
importance and responsible for inducing others? Are some or all of the
above-mentioned characteristics of photoaged skin merely epiphenomena
and, if so, to what extent causally related to premature skin aging? The
current state of knowledge does not allow us to answer these questions in
a definitive manner.

In this regard we have recently proposed a hypothesis that tries to reconcile
most of the research discussed above in one model [1,20]. We envision
photoaging of human skin to include UV radiation-induced mitochon
drial DNA mutagenesis in the dermis of human skin. We believe that
the persistence of UV radiation-induced mitochondrial DNA mutations
and the resulting vicious cycle with further increases in mitochondrial
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DNA mutations leads to a situation that can best be described as a "defec
tive powerhouse" where inadequate energy production leads to chronic
oxidative stress. In the dermis, functional consequences of direct DNA
damage and aberrant ROS production in human dermal fibroblasts could
be an altered gene expression pattern that would affect neovascularization
and collagen metabolism and possibly also the generation of an inflamma
tory infiltrate, as well as the oxidation of intracellular proteins and inhibi
tion of the proteasome.

Evidence supporting this model has recently been generated in studies
employing human skin equivalent models. If these models were engineered
by using skin fibroblasts from patients with Keams-Sayre syndrome,
which constitutively show a high frequency of UV-inducible large-scale
mtDNA deletions, then signs of photoaging were found to develop over
time at a molecular and histological level. In order to corroborate these
results, development of appropriate mouse models characterized by differ
ent susceptibilities towards UV radiation-induced mitochondrial DNA
mutagenesis is of utmost importance [39].
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5.1 Summary

BEAUTY FROM THE INSIDE AND THE OUTSIDE

Personal appearance is a good way to generate interest. Our self-esteem
and physical confidence are largely influenced by how we perceive our body
and skin, as well as by other people's opinions. The skin serves as an inter
face in our exchanges with others, filtering the stimuli that come from the
outside and sending out messages. Indeed, it is one of the most intimate
elements of our identity.

Through the process of aging and exposure to the sun and to environmental
pollutants the skin loses moisture, tension, and elasticity, resulting in wrin
kles and spots. Today there is a tendency to try to make up for nutritional
deficiencies by resorting to dietary supplements and topical cosmetics. Prod
ucts that claim to produce skin health benefits from the outside as well as the
inside are also beginning to appear on the market. Moreover, innovative cos
metics and functional foods strive to stimulate the imagination and produce
emotions by combining exciting images, sensual fragrances, and the feeling
of a caress on the skin to convey the sensation of a total beauty effect

The combination of effective cosmetics and food supplements is the new
multiple approach to providing an excellent skin care treatment that offers
beauty, audacity, shyness, pleasure, and pride, to obtain the total wellness
one desires.

5.2 Introductory Remarks

It is increasingly evident that free radicals playa key role in determining
the overall well-being and general appearance of the skin. They are linked
with decreased cell viability, contributing significantly to the skin aging
process. It is also clear that a stressful environment can cause an over
abundance of these reactive and potentially harmful free radicals and that
to mitigate the effects of such an excess, the natural defenses of the skin
may not suffice and may have to be supplemented [1,2]. This includes
topical application of cosmetics and use of dietary supplements enriched
with chelating agents, excited state quenchers, antioxidants, free radical
scavengers, etc.

Consumers therefore remain extremely interested in products, especially
natural ones that may prevent the onset of disease and preserve quality
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of life. Diet, nutrition, and a growing list of nontraditional sources are
some of the key factors involved in achieving these goals, together with
multifunctional natural cosmetics [3].

5.2.1 What Are Free Radicals?

Free radicals are species capable of independent existence that contain one
or more unpaired electrons, that is, electrons that are alone in their orbit.
Free radicals and reactive oxygen and nitrogen species are either synthe
sized endogenously, for example, in energy metabolism and by the antimi
crobial defense system of the body, or produced as reactions to exogenous
exposure such as cigarette smoke, an imbalanced diet, exhaustive exercise,
environmental pollutants, ultraviolet and blue light, and food contaminants
(Fig. 5.1). They usually have a transitory existence, as a result of which
their steady state concentration in the biological system is very low.
Oxidative and other chemical stresses may modify not only polyunsatured
lipids, but also carbohydrates, proteins, and complex macromolecules,
forming atherogenic, carcinogenic, diabetogenic, and brain degenerating
substances, depending on the target organ. Modified biomolecules also
interfere with gene expression, causing metabolic disturbances and skin
agmg.

Figure 5.1 Schematic representation of free radicals and cell damage.
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5.2.2 Oxidative Injuries

BEAUTY FROM THE INSIDE AND THE OUTSIDE

To counteract oxidative injury of structural lipids, carbohydrates, and pro
teins, human skin is equipped with a network of enzymatic and nonenzy
matic antioxidant systems that are responsible for maintaining an equilibrium
between pro- and antioxidant compounds [4]. Therefore, the use of natural
antioxidants as topical and/or systemic agents, which reduce the onset of
oxidative stress, may help to protect and increase the efficacy of the skin's
biological system [5]. Usually, the use of cosmetics (beauty from the out
side) associated with diet supplements (beauty from the inside) has a syn
ergistic activity aimed to maintain the cells' antioxidant power [6]. The
current tendency to apply and to ingest various kinds of vitamins and anti
oxidant compounds is notably on the rise.

However, major information is lacking on the mechanisms by which these
compounds exert their antioxidative activity.

5.3 Beauty from the Inside

The concept of health and wellness is broad and segmented, offering a
composite of several smaller specialty categories generally characterized
by an emphasis on prevention and maintenance rather than on therapy [7]
(Fig. 5.2). Perhaps this is due to an increased awareness of what appear to
be the most frequently discussed diseases (i.e., heart disease, cancer, osteo
porosis, arthritis, etc.) coupled with better information provided by the
media. Every year more and more newspaper and magazine articles
are dedicated to the relationship between diet, health, and beauty, and more
specifically to nutraceutical and cosmeceutical concepts [8]. The fact that
people tend to be more aware of health-related issues is also a result of the
aging of the population.

5.3.1 The Market

The functional food market has risen from US $8.9 billion in 1996 up to
US $16.1 billion in 2006. It is interesting to note that this market has grown
at a steady rate of 10% a year and is expected to register a +56% increase
worldwide by 2010 [9] (Fig. 5.3).

Interest in the role diet plays in optimizing personal health and well-being is
stimulated by substantial work that is being carried out, and will continue
to be carried out in the future, in six areas: (a) risk reducers, (b) life stage
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Figure 5.2 Categories with the health and wellness market. Source:
David Thibodeau, Managing Director, Canaccord Adams, Vancouver,
British Columbia, Canada, 2007.

Functional Foods Market

Strict definition: +56% to USD 25.1bn

}>Europe
»us
}>Japan
}>Australia

+79%
+66%
+24%
+80%

Broad definition: +47% to USD 53.2bn

}>Europe
»us
}>Japan
}>Australia

+71%
+55%
+26%
+61%

Figure 5.3 Future prospects (strong growth to 2010) of the functional
foods market. Source: Fiona Angus, Leatherhead Food International,
2007.
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and gender nutrition, (c) getting through the day, (d) slimming solutions,
(e) age of antioxidants, and (f) beauty from the inside. To achieve these
objectives consumers are willing to pay a premium, purchasing so-called
anti-aging nutraceutical and cosmeceutical products.

Thus, the growing linkbetween diet and beautylhealth, makes the consumer
more open to the concept of beauty from within.

5.3.2 Consumer Expectations

One must also consider consumer expectations in terms of what is natural.
Indeed, according to consumers, a natural product is:

• "a product containing ingredients that come from the earth
rather than from a laboratory;

• "a product containing no man-made ingredients;
• "a product without added chemicals;
• "a product that is more expensive because chemical ingredi

ents are cheaper than natural ones on account of the fact that
they are mass produced [10]."

"What is the conclusion? By and large, according to consumers, when we
say that a product is natural, we mean that the product's ingredients are
derived from a plant or the earth and are not man-made or produced in a
laboratory [10]." Moreover, "natural products are perceived as being less
harmful, gentler on the skin, 100% safe, and containing no toxic agents".
According to Michael Harmswoth from ESPA (UK) [10], "the key to
benefiting from this demand lies in avoiding the pitfalls-this can be
achieved through transparent communication and by continuously improv
ing products and formulations as the development of natural ingredients
improves." This applies to both oral and topical beauty products. However,
regardless of whether or not they are natural, modern functional foods and
cosmetics may represent a real alternative to minor dermatology for the
prevention and treatment of imperfections caused primarily by skin
aging.

5.3.3 The Impact of Functional Food on the Skin

What are functional foods? They have been defined as foods with ingredi
ents (either natural or added) that provide a health benefit beyond their
traditional value.
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How do they impact the skin? Skin is more than beauty-it is a vital
organ that protects us from the environment, maintains moisture and
body temperature, and is part of the immune system. Therefore, nutra
ceuticals must renew the skin by rebuilding tissues, making skin more
flexible, smoother, healthier, and younger looking. Moreover, they must
help to prevent, reduce the risk of, or even treat minor diseases and,
in some cases, do all of the above. Some specialized foods have
certain weight loss, calming, anti-inflammatory, or immuno-stimulant
properties. Triterpenes from shea nuts have displayed interesting anti
inflammatory properties; alpha acids, iso-alpha acids, and possibly beta
acids contained in hop extracts are tentatively identified as active pain
relief compounds; and a soluble, digestible keratin protein extracted
from sheep wool appears to improve joint health and mobility. Linoleic
acid, an omega-6-fatty acid, is an important precursor of ceramides,
which are essential for moisturizing the skin and preserving its barrier
function; meanwhile, gamma-linolenic acid, as a precursor of anti-in
flammatory prostaglandins, is capable of reducing inflammatory skin
disorders and controlling skin moisturization and health.

5.3.4 Inflammation and the Immune System

What about inflammation? It is a function of immunity [II] and, as with
other defense mechanisms, the immune system has a way of creating and
curbing inflammation to suit immediate needs. Organized as an intricate
network of cells, tissues, and organs, the immune system protects the body
against pathogens. It produces and releases pro- and anti-inflammatory
compounds in an intricate choreography. An improper immune response
can lead to various illnesses. One of the main factors impacting immune
function is single nutritional status. The impairment of immune function
can be due to an insufficient intake of energy and macronutrients and/or to
deficiencies in specific combinations. Among nutrients, vitamin C is well
known for its antioxidant properties but may also benefit the functioning
of specific immune cells.

Alpha lipoic acid [121 is a powerful antioxidant, with anti-inflammatory
effects on diabetes, cataracts, and brain degeneration; vitamin E [13] has
the ability to prevent intracellular signaling cascades in inflammatory cells.
Lutein [14] modulates the skin's response to ultraviolet B, radiation
induced inflammation, and immuno-suppression, protecting also from UVA
and blue light. Lutein is known to be effective on eye health, but it also
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appears to have anti-inflammatory benefits on the skin's health, especially
in relation to sun exposure and aging [15]. Other essential nutrients with
an antioxidant and immune function against inflammation are minerals
such as selenium, chromium, magnesium, and zinc.

These and many other minerals, botanicals, and natural compounds are
also used to formulate nutraceuticals and cosmeceuticals for consumers
with inflammatory and other diseases connected with the aging process
[16]. Nobody wants to age, and we all want to look younger.

Thus, consumers are looking for oral and topical foods capable of repairing
permanent sun damage produced by actinic keratosis, which make the skin
look healthier, livelier, tighter, firmer, more elastic, smoother, and with
fewer fine lines and age spots. Everyone wants beauty from within, which
can enhance collagen production and neutralize excess free radicals.

5.4 Beauty from the Outside

5.4.1 Skin Aging

The skin is probably the organ that is most susceptible to damage produced
by free radicals because of its contact with oxygen and with other environ
mental stimuli. It reveals the first signs of physical aging at around age 30.
But skin aging does not affect only the elderly; it affects everyone because
people sunbathe too much. It is not only the passing of time that makes us
age, but the accumulation of deleterious chemical events that deteriorate our
bodies into the condition that we call aging. The aging process, which
reduces the number of healthy cells, is soon visible on the skin. On facial
skin, the cumulative and inexorable process of aging is there for all to see.
The damage produced by free radicals impairs the cells' ability to transport
nutrients, eliminate waste products, and reproduce adequately, and results in
the accumulation of by-products, such as pigment lipofuscin (age spots),
interfering with their normal functions. Moreover, too much sun exposure
increases the production of free radicals, which, in tum, increases inflamma
tion, and the degradation rates of collagen and elastin, thereby resulting in
accelerated aging.

Thus, anti-aging products and global facial skincare remain the cosmetic
category's growth driver (Fig. 5.4), by an increase of7.6% in the U.S., 7%
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Figure 5.4 Global facial skincare sales (in billion dollars) from 2002 to 2005.
Source: Euromonitor.

in Western Europe, 9% in the Asia Pacific region, 21.6% in Eastern Europe,
19.7% in Latin America, and 8.2% in Africa and the Middle East. So
called cosmeceuticals and doctor brands continue to be a major feature of
the skincare segment [17].

5.4.2 The Cosmetic Challenge

In an attempt to defeat the undesirable effects of aging and photoaging,
cosmetologists have developed many new cosmetic formulas, keeping
abreast of what happens in the areas of biology and biochemistry and
using increasingly sophisticated and active raw materials [18]. As a result,
moisturizing and protective micro- and nano-emulsions containing vita
mins A, E, B, C, collagen and its derivatives have been proposed (Fig. 5.5).
Interesting studies have been conducted on peptides from gelatin enriched
with glycine, which turned out to be very active, increasing moisturizing
activity and reducing the inexorable process of skin aging (Fig. 5.6) [19,20].
A double-blind clinical study recently showed that gelatin-glycine may
increase the moisturizing activity of lutein [21], which is currently pointed
to as an active compound in skin aging [22].

Scientific evidence has been presented that shows the benefits of hydro
lyzed collagen (gelatin), used both in cosmetics and in diet supplements,
in preserving joint health. This is because both the topical application and
the ingestion of hydrolyzed collagen may increase the pool of amino acids
and peptides that are useful for collagen synthesis. Moreover, gelatin may
also have a specific stimulating effect on the production of collagen by the



104 BEAUTY FROM THE INSIDE AND THE OUTSIDE

Figure 5.5 Moisturizing activity of gelatin-glycerine (gel-gly) plus
vitamins and oligoelements (vit-ol).

Figure 5.6 Moisturizing activity of gelatin-glycerine (gel-gly).
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joint cells themsel ves [23]. Collagen is a structural protein of the body that
ensures cohesion, elasticity, and regeneration of the skin, cartilage, and
bone, which declines in terms of quality and quantity during the aging
process.

Ceramide polymer is a new ingredient developed in Japan (Nof Co.) to
help improve the elasticity and smoothness of skin. This polymer has a
high affinity with the skin, and thanks to its similarity to natural ceramides,
it can reinvigorate the skin and restore its softness and elasticity [24].
Goldschmidt (Germany) has proposed a hydrolyzed sodium hyaluronate
obtained through the fermentation of Bacillus sublitis to improve the skin's
elasticity and to reduce wrinkles. Vitamin B6, an innovative liposoluble
that serves as an enhancer of filagrin production, was presented this year
by Jon Dekker (USA) at In Cosmetics. The hydrolyzed oat polypeptide
obtained by enzymatic hydrolysis from Kelisema (Italy) seems to protect
the stratum corneum against irritations and may be a solution for skin
sensitivity.

Because consumers expect beauty and personal care products to provide
them with a unique sensory experience before, during, and after application,
Dow Coming (USA) has created specialized silicium polymers providing
lubricity, emolliency, and moisturization both for skin and hair. Silicium
plays an important role in connective tissues; the finding that it is a compo
nent of human glycosaminoglycans and their protein complexes suggests
that this mineral plays a structural role. Indeed, silicium contributes to the
structural framework of connective tissues by forming links or bridges
within and between individual polysaccharide chains and perhaps by link
ing polysaccharide chains to proteins (Fig. 5.7) [25,26]. In this way, this
mineral compound may help build the architecture of the fibrous elements
of connective tissues and may contribute to their structural integrity by
providing strength and resilience.

Chitin nanofibrils [27-30] are cosmetic components or pharmaceutical
carriers that help to restore the integrity of the skin barrier and to increase
the ability to link and retain water contained in the comeocytes (Fig. 5.8).
They are used in cosmetic and/or pharmaceutical solutions or emulsions
to stimulate the formation of a molecular film that slows down water
evaporation and helps to keep the skin perfectly hydrated.

Their mechanism of action can be considered active because they repair
the intercomeocitary cement that joins both ceramides and phospholipids
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Figure 5.7 Model of the arrangement of fibronectin, collagen, and
proteoglycans in the extracellular matrix showing the role of silicon.

Figure 5.8 Photomicrograph of a chitin nanofibril at a magnification of
3000x.

to form the lipidic lamellae. Moreover, these nanofibrils are easily rec
ognized by the cutaneous enzymes and hydrolyzed. In this way, the
N-acetyl glucosamine content can regulate collagen synthesis in fibro
blasts, also facilitating the granulation and repair of the altered skin
tissue [31,32]. Thus, nanotechnology is now present also in consumer
products (Fig. 5.9).
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Figure 5.9 Presence of nanotechnology-enabled consumer products in
the health and fitness arena. Source: Woodrow Wilson Center Nanotech
Project Inventory.

Needless to say, thousands of active principles are used in cosmetic
products. However, "natural and organic skin care is undergoing some
what of a revolution, involving issues such as the environment. The integ
rity of ingredients and holistic well-being strike a chord with more and
more consumers" [33].

5.5 Total Beauty Effects

Product efficacy seems insufficient to capture the essence of beauty and
today "there is a prevailing trend in advertising that captures people in a
narcissistic process [33]." Beauty, which defines performance and success,
is driven by the concepts of perfection, harmony, and proportion. The
chemistry of emotion is thus born that links the flavor of food with the
flavor of cosmetics, partly due to the popularity of natural products. Givau
dan has taken this concept to a new level by launching a new active ingre
dient based on yogurt powder. This new product is a combination of
spray-dried yogurt powder and a natural vegetable-based probiotic ingredi
ent that is said to enhance the growth of beneficial microflora on the skin.
However, sensuality is an integral part of marketing, both in skin care and in
nutraceuticals. Staying healthy is the new message driven by cosmetics
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and diet supplements. People are demanding products with a soul supple
ment: being beautiful is not enough; they want to feel beautiful and healthy
in their body and in their mind. Therefore, "the food, nutraceutical, and
cosmetic markets are hungry for new active ingredients with proven effi
cacy, be they from known food sources or from newly discovered ethnic
foods or traditional herbal remedies" [34].

But in our era of cross-fertilization, boundaries are no longer that clear.
The same actives are used in nutraceuticals and cosmetics; fragrances
are becoming active and new foods are introducing sensual formulae in
skin care. Beauty cannot be left just to skin doctors. Thus, a scientific
approach to emotion and attraction has been developed by neurochemistry,
which is capable of capturing this emotion through attitudes and sensual
elements.

5.5.1 Beauty from Within Is the New Message

Therefore "many cosmetics that strongly appeal to the senses often evoke
delicious foods. As if food were the most efficient emotional way to
convey the sensual dimension of a formula. But evoking seasonal fruit
may also reveal an irresistible urge to devour the beautiful! [34]" This is
the new message that is sent out by different industries that produce raw
materials both for cosmetics and food, such as Jan Dekker, Greentech,
Solabia, Symrise, Cosmetochem, Croda, Cognis, etc., which has also ush
ered in the term Feelosophy.

Personal appearance is a good way to generate interest. Our self-esteem
and physical confidence are largely influenced by how we perceive our
body and skin, as well as by other people's opinions. The skin serves as
an interface in our exchanges with others, filtering the stimuli that come
from the outside and sending out messages. Indeed, it is one of the most
intimate elements of our identity. Through the process of aging and expo
sure to the sun and to environmental pollutants, the skin loses moisture,
tension, and elasticity, resulting in wrinkles and spots.

Today there is a tendency to try to make up for nutritional deficiencies
by resorting to dietary supplements and topical cosmetics. Products that
claim to produce skin health benefits from the outside as well as the inside
are also beginning to appear on the market (Fig. 5.10). Moreover, innova
tive cosmetics and functional foods strive to stimulate the imagination and
produce emotions by combining exciting images, sensual fragrances, and
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Figure 5.10 Diagrammatic representation of the overlap between
nutraceuticals, beauty foods, cosmeceuticals, and cosmetics. Source: a&r
(modified) 2007.

the feeling of a caress on the skin to convey the sensation of a total beauty
effect. The consumer demands for more active and safety cosmeceuticals
and nutraceuticals and the emerging technologies, create every day inno
vative skin-care beauty products to be used both from inside and outside.

This is why the existing direct relationship between Cosmetic and Beauty
Food establishing more knowledge, new analytical toots and therapeutic
modalities try to protect the skin from endogenous and exogenous stresses
while preserving its healthy and young look for a longer period of time.
Thus, the coming age of biotech cosmetics & foods together with the
development of nanoscience and dermogenetics represent the future chal
lenge to solve the new consumers needs of an evolving society [35].
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The use of functional nutrients to alleviate skin changes, such as aging,
photosensitivity, and dryness, is increasing in the over-the-counter market.
The most popular nutrients in this context are vitamins, carotenoids, poly
phenols, and minerals. For skin, the classical route of administration
of active compounds is by topical application, and manufacturers have
substantial experience in this field. However, another means to deliver bio
actives to the skin is by using oral administration, and the use of oral sup
plements for improving the condition of skin is increasing. In this case,
food bioactives have to cross several barriers before reaching the skin; they
have to pass down the gastrointestinal tract, cross the intestinal barrier,
reach the blood circulation, and then be distributed to the different tissues
of the body including the skin. The advantages of this route of administra
tion are that the food bioactives are metabolized and then presented to the
entire tissue, potentially in an active form. Also, the blood continuously
replenishes the skin with these bioactives, which can then be distributed to
all skin compartments, that is, epidermis, dermis, subcutaneous fat, and
also sebum. This chapter presents the mechanisms involved in the bio
availability of nutrients such as vitamins C and E at the intestinal as well
as at the skin level but also their bioefficacies in skin. Vitamin E has been
shown to present an antioxidant property, and to playa role in photoprotec
tion and in the prevention of aging, alone or in association with vitamin C.
Literature on vitamin C for skin benefits is more abundant, showing evi
dence for the beneficial effect of this ingredient on dermal matrix forma
tion, or epidermal differentiation, against UV-induced skin damage, and
oxidative stress, indicating that vitamin C supplementation may be of
interest to target skin aging, photoprotection, and skin xerosis.

6.1 Introduction

Skin is constantly exposed to pro-oxidant environmental stresses from
an array of sources, such as air pollutants, solar UV light, chemical
oxidants, micro-organisms, cigarette smoke, and ozone (Cross et al., 1998;
Thiele et al., 1997). Reactive oxygen species have been implicated in the
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etiology of several skin disorders including skin cancer and photoaging
(DaIle & Pathak, 1992; Emerit, 1992; Guyton & Kensler, 1993; Perchellet &
PercheIlet, 1989). These reactive oxygen species are capable of oxidizing
lipids, proteins, or DNA, leading to the formation of oxidized products
such as lipid hydroperoxides, protein carbonyls, or 8-hydroxyguanosine,
respectively (Beehler et al., 1992; Hu & Tappel, 1992; Podda et aI., 1998).
Reactive oxygen species constantly generated in skin are rapidly neu
tralized by nonenzymatic and enzymatic antioxidant substances, which
prevent their harmful effects and maintain a pro-oxidant/antioxidant bal
ance, resulting in cell and tissue stabilization. If the antioxidant defence is
exhausted, cell damage can occur. Known nonenzymatic scavengers of free
radicals in human skin are /3-carotene, vitamin C, and vitamin E, and enzy
matic scavengers are seleno-dependent glutathione peroxidases, copper
zinc superoxide dismutase, manganese superoxide dismutase, and catalase
(Steenvoorden & van Henegouwen, 1997; Thiele et aI., 2000). In recent
years, particular antioxidants have gained considerable attention as a
means to neutralize reactive oxygen species (Mukhtar & Ahmad, 1999).
Green tea polyphenols (Katiyar & Mukhtar, 1997), resveratrol (lang et al.,
1997), curcumin (Stoner & Mukhtar, 1995), silymarin, ginger (Katiyar et aI.,
1996), and diallyl sulfide (Perchellet et aI., 1990; Sadhana et al., 1988)
afford protection against the development of skin cancer, both in vitro
(in culture system) as well as in vivo (in animal models). Additionally,
diets rich in bioactives such as vitamins C and E, /3-carotene, Iycopene, zinc,
and selenium have also demonstrated a photoprotective effect against solar
irradiation in humans (Cesarini et aI., 2003; Fuchs, 1998; Fuchs & Kern,
1998; Greul et al., 2002; McKenzie, 2000; Rostan et al., 2002; Stahl et al.,
2000, 2001; Stahl & Sies, 2002).

An increase in cellular antioxidants in skin can be obtained by the exoge
nous administration of antioxidant compounds. In the case of the skin, the
classical route of antioxidant administration to skin is topical application.
This approach allows delivery of antioxidants to the skin and at the same
time avoids possible side effects of excess antioxidants to other organs.
However, this topical route of administration can be efficiently achieved
only if the particular antioxidant is stable in the preparation as well as on
skin, is able to penetrate the skin, and is present in its active form, that is,
a possible metabolite. Interestingly, a recent publication showed that kerati
nocytes also have potential to metabolize bioactives as demonstrated for
phenolic acids (Poquet et al., 2008). In addition, penetration of antioxi
dants into the skin is influenced by environmental factors, such as tempera
ture, hydration, and the presence of other chemicals. Another means to
deliver antioxidants to the skin is using oral administration. In this case,
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antioxidants cross the intestinal barrier to reach the blood, from which they
are distributed to different tissues, and specifically for skin to subcutaneous
adipose tissue, dermis, epidermis, and sebum. The advantages of this oral
administration are that antioxidants are metabolized and then presented to
the entire skin potentially in their active forms. In addition, the blood con
tinuously replenishes skin with these antioxidants, which are distributed to
all skin compartments in which they could exert a biological activity.

In order to be active in skin, dietary bioactives must be able to cross the
intestinal barrier and reach the blood circulation. This step could be a limit
ing factor of the efficacy of these dietary bioactives in skin. This chapter
reviews current knowledge on the journey of dietary bioactives, that is,
vitamin C and vitamin E from the mouth to skin, as well as their biological
activities in skin.

6.2 Definition of Bioavailability

Bioavailability is defined by the relative amount of a dietary bioactive
consumed that crosses the intestinal barrier, reaches the blood circulation,
and is available for metabolic processes or storage in the body. Bioavail
ability comprises various steps summarized in the acronym LADME.
L means liberation of the molecule from the dietary matrix (food or sup
plement); A is absorption, that is, transfer of the molecule from the gut
lumen into the blood circulation; D represents distribution of molecules
from the blood circulation in all body tissues; M is metabolism, consisting
of the further processing of the molecule in the body either in the gastro
intestinal tract or in various tissues; and E is elimination out of the body in
urine, stools, sweat, tears, or expired air.

In the nutritional context, the commonly used definition of bioavailability
refers to the proportion of dietary bioactive that crosses the intestinal barrier
and reaches the blood circulation.

6.3 Mechanisms of Absorption in Gut

Dietary bioactives such as vitamin E and vitamin C belong to two
main groups, that is, lipid-soluble and water-soluble dietary bioactives,
respectively. Solubility of the dietary bioactive markedly affects mechanisms
of their bioavailability.
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In the mouth, the food matrix is disrupted by mastication, leading to a mash.
a-Amylase starts the hydrolysis of carbohydrates, whereas, in infants, a
lingual lipase also hydrolyses lipids. The efficiency of these enzymatic
reactions is directly related to the duration of the mastication.

The mash is then transferred to the stomach, where mainly the gastric
lipases begin hydrolysis of triacylglycerols, producing diacylglycerols and
fatty acids. The chyme is mechanically mixed by forceful contractions of
the antrum, in order to continue dietary matrix disruption. At this stage, the
chyme starts to separate into two phases, with oil droplets containing mainly
lipid-soluble dietary bioactives and with the bulk containing water-soluble
dietary bioactives.

Lipid-soluble dietary bioactives such as vitamin E, present in oil droplets,
enter the small intestine and are mixed with pancreatic juice and bile salts
(Tyssandier et aI., 2001). In consequence, bile salts cover the oil droplets,
creating a negative surface charge and so permitting the binding of coli
pase to the lipid/aqueous interface. The colipase then binds to the pancre
atic lipases, which hydrolyse the bond between dietary bioactives and fatty
acids, liberating free dietary bioactives (Borel et aI., 1996; Lombardo &
Guy, 1980), for example, from esterified carotenoids. These hydrolytic
processes drastically reduce the size of oil droplets, which exhibit a parti
cle size about one million times smaller than oil droplets formed in the
stomach (Borel et aI., 1996). The micellar solubilization of these lipophilic
dietary bioactives, that is, carotenoids and vitamin E, is mandatory for
their absorption, and so if lipophilic nutrients escape this solubilization,
they will continue their journey in the gastrointestinal tract and will be
subjected to microflora metabolism in the colon or eliminated. The uptake
of lipid-soluble dietary bioactives by enterocytes was long considered to
be a passive mechanism (Hollander et aI., 1975; Hollander & Ruble, 1978),
but there is increasing evidence for facilitated, protein-carrier mediated
transport (During et aI., 2002; Reboul et aI., 2005). Once inside the entero
cyte, lining the small intestine, these lipid-soluble dietary bioactives are
packed into new oil-droplet structures called pre-chylomicrons, which are
expulsed by exocytosis into the extracellular space, entering the lymphatic
system and then reaching the general blood circulation.

In the particular case of water-soluble dietary bioactive, such as vitamin C,
it remains in the bulk of the meal and arrives in the small intestine (Rios
et aI., 2002). Ascorbic acid and dehydroascorbic acid are readily, rapidly,
and efficiently absorbed from the upper part of the small intestine into the
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circulatory system (Moser & Bendich, 1991) via sodium-dependent active
transport processes or by facilitated-diffusion glucose transporters (Liang
et al., 2001). Above 400 mg daily intake, plasma vitamin C remains constant
due to higher renal and faecal excretion.

6.4 Factors Affecting Gastrointestinal Bioavailability

Different parameters modulate the bioavailability of dietary bioactives and
have been summarized by the acronym SLAMENGHI, which stands for:
species of active molecule; molecular linking; amount; matrix in which
it is entrapped; effect of modifiers; nutrient status; genetic factors; host
related factors; and mathematical interactions (Castenmiller & West, 1998;
West & Castenmiller, 1998). Modifying matrix, composition, processing,
consumer habits, synergy or competition between different compounds,
and physical-chemical properties of dietary bioactives modulates their
absorption efficiency. Some of these factors are presented in the following
paragraphs.

Class of molecules: The extent of bioavailability of dietary bioactives
depends on class, with a high level for vitamins C and E and a lower one
for carotenoids and polyphenols. However, the extent of bioavailability
varies markedly between studies maybe due to the marked difference of
experimental conditions used with respect to dose administered, standard
meal, and formulation of species.

Consumer habits might markedly affect the bioavailability of dietary bio
actives, that is, whether consumers eat a dietary bioactive in a fasting state
or together with a meal. In the case of lipid-soluble dietary bioactives, the
transfer of these dietary bioactives into lipid droplets of the meal is manda
tory for their absorption (Iuliano et al., 2001). In addition, lipids present in
the meal induce contraction of the gall bladder and bile secretion in the
small intestine. Bile participates in the formation of mixed micelles. There
fore, dietary bioactives that do not undergo this transfer will be eliminated
from the body without having the opportunity to exert a biological activity.
Three grams of fat is enough to allow absorption of vitamin E, a-carotene,
and B-carotene, whereas increasing the fat dose to 36 g is associated with
increased lutein absorption (Roodenburg et al., 2000). Moreover, the type
of lipid consumed also plays an important role; medium-chain triglycerides
markedly reduce ~-carotene bioavailability (Borel et al., 1998). Solubiliza
tion of vitamin E in long-chain triglycerides slows the absorption process
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compared to medium-chain triglycerides (Fukui et aI., 1989a, 1989b; Gallo
Torres et aI., 1978), which is attributed to an increased oxidation of tocoph
erol by polyunsaturated fatty acids during digestion.

The dose of dietary bioactives consumed markedly affects the efficiency
of bioavailability. There is no evidence that vitamin E (Borel et aI., 1997)
bioavailability is affected by the dose consumed, at least in dietary doses,
but further investigations need to clearly address this issue. In contrast, the
percentage of vitamin C absorbed decreases with dosage exceeding the
RDA (Levine et aI., 1999; Padayatty et aI., 2003, 2004). When low doses
(4-64 mg) are ingested, the absorption efficiency is as high as 98%; that is,
less than 2% of an ingested radioactive dose appears in the faeces (Baker
et aI., 1969). When larger doses (30-180 mg) are consumed, the absorp
tion efficiency falls to 80-90% (Kallner et aI., 1979), to 75% at 1 g, 50%
at 1.5 g, 26% at 1.6 g, and 16% at 12 g (Kallner et aI., 1977; Hornig &
Moser 1981). Vitamin C plasma levels in individuals range from 10 umol/L
to 160 urnol/L, Brubacher et aI. (2000) have carried out a meta-analysis on
the relationship between vitamin C intake and plasma concentrations for
different subgroups, that is, adult, elderly, smokers, and nonsmokers, to
determine which intake is necessary to achieve a plasma concentration of
50 umol/L. They estimate that 50% of the general population can achieve
plasma concentrations of 50 umol/L with a daily intake of 83.4 mg. The
elderly and smokers, however, would need a higher intake, that is, 150.2 mg
and 206.6 mg, respectively.

The structure ofdietary bioactives also markedly affects their bioavailability,
that is, degree of lipophilicity, crystal or solute form, presence and nature
of conjugation, spatial configuration, etc. Natural vitamin E consists of
RRR-a-tocopherol, whereas the synthetic form of vitamin E consists of a
mixture of eight stereoisomers, namely all-rac-n-tocopherol. After con
sumption by humans, both natural and synthetic forms of vitamin E reach
the blood after one day of supplementation (Vaule et aI., 2004; Clifford
et aI., 2006), whereas its appearance in sebum takes some weeks (Vaule
et aI., 2004). The ester of vitamin E is often used in supplements because
this form is more stable in the product. Natural and esterified forms of
vitamin E (acetate or succinate) are similarly absorbed, because a hydro
lytic process takes place very efficiently in the intestine releasing vitamin
E, which is then taken up by enterocytes and reaches the blood circulation
(Burton et aI., 1988; Cheeseman et aI., 1995). Recently, a phosphorylated
form of a-tocopherol has also been reported to be present in a variety of
foods (Gianello et aI., 2005).
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Competition or synergy between dietary bioactives: Dietary bioactives are
rarely consumed alone and therefore synergy or competition processes
with other food bioactives present in the meal or in the supplement could
readily occur. Vitamin C increases the absorption of iron (Levine et al.,
1999). Plant sterols also reduce ~-carotene bioavailability by 50% and
affecting by 20% that of vitamin E (Richelle et al., 2004). Phosphatidyl
choline decreases absorption of carotenoids and vitamin E, whereas lyso
phosphatidylcholine enhances it (Koo & Noh, 2001; Sugawara et al., 2001).
Moreover, excess a-tocopherol causes a reduction of y-tocopherol concen
tration in plasma (Wolf, 2006). Vitamin C has no effect on selenate bio
availability, whereas a high vitamin C intake seems to increase selenite
bioavailability, possibly by a protective effect of critical sulphydryl groups
involved in gastrointestinal selenite uptake (Martin et al., 1989).

Formulation ofdietary bioactives: Nanoformulation of vitamin E is able to
increase by lO-fold its bioavailability in humans (Wajda et al., 2007),
whereas polysaccharide formulation increases vitamin E bioavailability by
about 2-fold in rabbits (Zimmer & Czarnecki, 2007). Another water-soluble
formulation increases y-tocopherol absorption in patients suffering from
cystic fibrosis, a malabsorption disease due to pancreatic insufficiency and
a diminished bile pool (Papas et al., 2007).

6.5 Distribution and Delivery to the Skin

When dietary bioactives arrive in the blood circulation, they are ready to
be distributed to all body tissues, where they can exhibit a biological
activity. Although certain dietary bioactives have been reported to exert a
biological activity in skin such as photoprotection, collagen synthesis, and
cancer prevention, information on their delivery mechanisms to skin is
quite scarce.

6.5.1 Vitamin E

Vitamin E consists of a mixture of different molecules, that is, «-, ~-, y-,
and D-tocopherols and a-, ~-, y-, and D-tocotrienols. Due to the presence of
three chiral atoms, these molecules exhibit different stereoisomers rang
ing from RRR, RSR, etc., to SSS. In response to supplementation, the
concentration of vitamin E increases immediately in plasma, whereas a
rise in concentration is observed only after several days (7 d) in sebum
(Vaule et al., 2004; Ekanayake-Mudiyanselage et al., 2004). The basis of
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this delay may be related to the process of sebum production, because it
has been reported (Downing et al., 1981) to take approximately 8 d for
newly synthesized lipids to be secreted in sebum. The delivery of vitamin
E to skin seems to be very specific for certain isomeric forms. Indeed,
following supplementation, both the natural form (RRR-a-tocopherol)
and the synthetic form (all-rac-o-tocopherol) appear in the blood circula
tion, whereas only RRR-a-tocopherol appears in sebum (Vaule et aI.,
2004). This indicates that a specific protein could selectively transport this
form of the vitamin into the sebum. A similar specificity has already been
described in the liver (Hosomi et aI., 1997). y-Tocopherol is absorbed into
plasma but it is still uncertain whether y-tocopherol exerts a biological
activity in man, because this form is mostly eliminated by the liver. How
ever, y-tocopherol is present in sebum and skin (Thiele et al., 1999; Vaule
et aI., 2004) and so it might exert an activity in human skin, although this
needs further investigation. Skin vitamin E exhibits a gradient of concen
tration with a higher level in the dermis and a lower level in the stratum
corneum (Shindo et aI., 1994). In addition, there are regional variations of
skin vitamin E; facial skin contains a several-fold higher level of vitamin
E than unexposed skin sites such as skin from the upper arm (Thiele et aI.,
1998). This regional variability of vitamin E is supported by the fact that
vitamin E is continuously delivered to sebum via the sebaceous glands
(Thiele et aI., 1999; Vaule et aI., 2004). As a consequence, skin sites with
high sebum production such as forehead skin exhibit higher vitamin E
concentration (Lang et aI., 1986).

6.5.2 Vitamin C

Vitamin C is an effective antioxidant and an essential cofactor in numerous
enzymatic reactions. It comprises two major forms: L-ascorbic acid, the
reduced form, and L-dehydroascorbic acid, the oxidized form. Man and
other primates have lost the ability to synthesize vitamin C as a result of a
mutation in the gene encoding for L-gulono-y-lactone oxidase, an enzyme
required for vitamin C biosynthesis. In man, plasma ascorbic acid concen
trations are maintained between 10 mM and 160 mM (1-15 mg/ml) and
any excess of the vitamin is excreted by the kidney (Fuchs & Podda, 1997).
Analysis of tissue ascorbate levels in human subjects revealed highest
amounts in adrenal glands (550 mg/kg), brain (140 mg/kg) , and liver
(125 mg/kg), followed by lungs (70 mg/kg), kidneys (55 mg/kg), heart
(55 mg/kg), skeletal muscle (35 mg/kg), and skin (30 mg!kg), and low levels
in adipose tissue (10 mg/kg) and blood (9 mg/kg; Brown & Jones, 1996;
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Fuchs & Podda, 1997). Considering the different size and weight of the
organs, it is evident that ascorbic acid is concentrated in specific tissues,
with the highest concentrations in adrenal glands, brain, and liver, and the
highest total amount present in skeletal muscle. In most of these tissues
high ascorbate levels are probably important for maintaining structural
integrity through collagen fibres, as well as for more specific functions,
for example, hormone synthesis, immune response, and antioxidant pro
tection. This concentration difference between different tissues clearly
indicates that ascorbic acid uptake and distribution into tissues is mediated
by an active transport mechanism. Indeed, two different ascorbic acid
transporters, SVCTl and SVCT2, have been identified by screening a rat
kidney cDNA library (Tsukaguchi et aI., 1999). SVCTl is largely confined
to epithelial surfaces involved in bulk transport, such as those of the intes
tine or kidney. In contrast, SVCT2 appears to account for tissue-specific
uptake of vitamin C and is widely expressed, occurring in neurons, the
endocrine system, and other tissues.

In skin, in vitro studies in HaCaT keratinocytes demonstrated the presence
and functional activity of both transporters, as well as an efficient ascorbate
recycling system in the epidermis (Savini et aI., 1999, 2000, 2002; Liang
et aI., 2001). In the dermis, experiments with dermal fibroblasts cultured
from SVCT2 knockout mice showed virtually abolished ascorbic acid
uptake, indicating that SVCT2 is crucial for ascorbic acid delivery in fibro
blasts (Sotiriou et aI., 2002). A recent publication confirmed the presence
of both SVCT isoforms in human skin biopsies and demonstrated that they
fulfil specific functions. SVCTl is responsible for epidermal ascorbic acid
supply, whereas SVCT2 mainly facilitates ascorbic acid transport in the
dermal compartment (Steiling et aI., 2007).

Furthermore, the concentration and distribution of ascorbic acid and dehy
droascorbic acid in the different skin compartments were studied in mice,
a species in contrast to humans with functional ascorbic acid biosynthesis.
Ascorbic acid concentration in the epidermis and dermis was 1.3 mmollg
(229 mg/g) and 1.0 mmol/g (176 mg/g), respectively. Similar concentra
tions were found for dehydroascorbate, with 1.3 mmollg in epidermis and
0.9 mmol/g in dermis (Shindo et aI., 1994). Within the murine stratum
corneum, the outermost layer of the epidermis, ascorbic acid exhibits a
gradient of concentration with low levels in the outer layers and a steep
increase in the deeper parts (Weber et aI., 1999). Although skin was always
thought to be the most sensitive organ during deficiency status (e.g.,
scurvy), recent results indicate that skin can cope with marginal amounts



6: BIOAVAILABILITY AND SKIN BIOEFFICACY, RICHELLE ET AL. 125

of vitamin C whereas other organs like brain and lungs suffer much more.
However, under certain conditions the skin vitamin C pool can be depleted
selectively, for example, upon age, upon UV irradiation, in psoriatic skin,
or in atopic dermatitic lesions (Shindo et al., 1994; Podda et al., 1998;
Leveque et al., 2002, 2003, 2004; Hoppu et al., 2005b). Experiments in
mice indicated that UVB-irradiation results in a significant decrease in
SVCTl mRNA expression, whereas SVCT2 mRNA levels are unchanged,
suggesting that decreased levels might be a consequence of impaired
SVCTl transport (Steiling et aI., 2007). This hypothesis was confirmed
in vitro. However, these findings are in contrast to findings made by Kang
and co-workers (2007). They reported that ascorbic acid uptake into kera
tinocytes is increased by UVB in a time- and dose-dependent manner
through translocation of SVCTI from the cytosol to the membrane (Kang
et al., 2007). Discrepancies of results between the two studies might be
due to differences in the UV protocol used.

In contrast to ascorbate, the intestinal uptake of dehydroascorbate is medi
ated by facilitated-diffusion glucose transporters GLUTl, GLUT3, and
GLUT4 (Liang et al., 2001). Under physiological conditions however, the
reduced form of vitamin C will predominate (95% in human plasma), and,
thus, it is unlikely that GLUT-mediated dehydroascorbic acid uptake will
be sufficient for the cellular demand of most cells. Furthermore, circulating
levels of glucose are 1,000-fold higher than dehydroascorbic acid levels
(2-5 mM) and marked competition by glucose of dehydroascorbic acid
influx is most likely (Liang et al., 200 I). Furthermore, dehydroascorbic acid
is nearly undetectable in most tissues (Rumsey & Levine, 1998). However,
higher concentrations may occur transiently during oxidative stress.

6.6 Bioefficacy in Skin

Vitamin E and vitamin C playa role in skin, and various biological effects
are presented in the following paragraphs.

6.6.1 Vitamin E and Skin Photoprotection

In vitro, Jones et al. (1999) demonstrated that exposure of skin fibroblasts
to ultraviolet radiation (UVR) leads to generation of reactive oxygen spe
cies as well as the oxidation of biomolecules and induction of adaptive
responses. Interestingly, supplementation with Trolox, a vitamin E analog,
suppressed UVR-induced oxidative stress, suggesting a photoprotective
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effect of vitamin E on skin fibroblasts. Similarly, Jin et al. (2007) reported
that vitamin E was able to limit the generation of reactive oxygen species,
reduce cell death, and increase endogenous antioxidant enzyme activity.
Longas et al. (1993) reported in preclinical studies that dietary supplemen
tation with vitamin E protected rat skin glycosaminoglycans against changes
induced by UV radiation. In humans, vitamin E supplementation (at gram
dose) failed to protect human skin against deleterious effects induced by UV
exposure in two clinical studies (Werninghaus et al., 1991; Fuchs & Kern
1998), whereas another study exhibited a photoprotective effect (Mireles
Rocha et al., 2002).

6.6.2 Vitamin E and Skin Aging

Aging is associated with an increased protein kinase C activity, in vitro as
a function of cell passage number and in vivo as a function of the donor's
age. This increase of protein kinase C activity is associated with collage
nase overexpression and activity, resulting in collagen degradation and
skin aging. Ricciarelli et al. (1999) reported that vitamin E decreases
collagen degradation in vitro. Although in vitro and animal studies have
suggested that vitamin E supplementation alone could participate in skin
photoprotection and in consequence may slow skin aging, only one human
study showed a convincing effect (for reviews, see Boelsma et al., 2001
and Swindells & Rhodes, 2004). A major reason for this may be that the
presence of other antioxidants, for example, vitamin C, are necessary for
recycling UVR-induced a-tocopherol radicals (Kagan et al., 1992; Wefers &
Sies, 1988). Others speculate that this lack of efficacy at physiological
levels against oxidant insult rather supports the nonantioxidant molecular
functions of a-tocopherol, for example, as ligands of proteins (receptors,
transcription factors) capable of regulating signal transduction and gene
expression (Azzi, 2007). The discovery of n-tocopheryl phosphate at low
concentration in rat livers favours this hypothesis (Gianello et al., 2005).

In the elderly, vitamin E exhibited immuno-enhancing effect, showing an
increased delayed-type hypersensitivity skin response, indicating that
vitamin E seems to protect the skin's immune system from aging
(Wu et al., 2006).

Moreover, vitamin E exhibits anti-carcinogenic (Heinen et al., 2007),
photoprotective (Eberlein-Konig & Ring, 2005; Ahmed et al., 2006),
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as well as skin barrier-stabilizing properties when administrated orally or
topically to the skin. All these properties in relation with skin benefits,
in vitro or in vivo, have been reviewed recently (Thiele et al., 2005; Thiele &
Ekanayake-Mudiyanselage, 2007). Serum tocopherol levels have been
associated with a reduced atopic dermatitis condition and, in consequence,
may playa role in the regulation of inflammatory diseases (Hoppu et al.,
2005a).

6.6.3 Vitamin C and Antioxidant Properties

Vitamin C exhibited in vitro antioxidant activity. However, this activity
was only reported in a few in vivo studies. InMcArdle et al. (2002), a daily
oral vitamin C supplementation (500 mg/day) for 8 weeks resulted in a
reduction of skin malonaldehyde content, a biomarker of lipid oxidation,
but also in a reduction of the skin content of total glutathione and protein
thiols, which also are important antioxidant molecules. McCall and Frei
(1999) reported that oral vitamin C supplementation induced a reduction
of lipid oxidative damages, thought to be an important etiologic factor in
skin aging, in nonsmokers as well as in smokers.

6.6.4 Vitamin C and Aging

In vitro, vitamin C enhances synthesis of collagens I and III in the dermis
and collagens IV and VII, tenascin C, fibrillin, and versican at the base
ment membrane level, improving both skin dermal matrix quality and
dermal-epidermal junction morphogenesis (Murad et al., 1981; Chan et al.,
1990; Nusgens et al., 2001; Heber et al., 2006; Marionnet et al., 2006; Kim
et al., 2006; Amano et al., 2007).

The role of vitamin C on collagen synthesis has been confirmed in vivo
using preclinical models. Vitamin C deficiency induced a decrease of
hydroxyproline, which is responsible for assembling triple-helical collagen
molecules in the dermis (Bates & Tsuchiya, 2003). Vitamin C treatment
caused a dose-dependent elevation in the wound contraction, indicating a
protection of mice against radiation-induced damage as well as an improved
healing of wounds after exposure to whole-body gamma radiation (Jagetia
et al., 2004). A recent study reveals indeed that higher vitamin C intakes were
associated with lower wrinkled appearance and senile dryness (Cosgrove
et al., 2007).
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6.6.5 Vitamin C and Barrier Function

In vitro, vitamin C plays a key role in epidermalization, keratinocyte
differentiation, and formation of stratum corneum barrier lipids, and as a
consequence improves skin barrier function (Ponec et al., 1997; Wha Kim
et al., 2002; Savini et al., 2002). Vitamin C also appears crucial for dermal
epidermal junction, dermal matrix formation, epidermal tum-over, barrier
function and wound repair, and thus may playa role in the prevention of
skin aging and associated dry skin (Marionnet et al., 2006; Kim et al.,
2006; Amano et al., 2007).

6.6.6 Vitamin C and Photoprotection

In vitro using a melanocyte-keratinocyte coculture model, vitamin C
treatment induces modification of melanocyte dendricity (Regnier et al.,
2005), which is known to participate in the beneficial effect of vitamin C
for photoaging by preventing UV-induced hyperpigmentation and spots.
In a human dermal fibroblast culture, vitamin C treatment counteracted
matrix metalloproteinase 1 mRNA increase, which was induced 10- to
IS-fold following UVA radiation exposure (Offord et al., 2002). Further
more, vitamin C treatment of keratinocytes showed that vitamin C coun
teracted the increase of ROS in cells induced by acute UVB irradiation
(Jin et al., 2007).

In vivo, using preclinical models, Kobayashi et al. (1996) reported that intrap
eritoneal (100 mglkg body weight) administration of magnesium-L-ascorbyl
2-phosphate to mice induced a significantly decreased lipid peroxidation in
skin, measured by TBARS assay (thiobarbituric acid reactive substance).
Chandra Jagetia et al. (2003) reported that daily administration of 250 mg/kg
body weight of vitamin C before exposure to gamma rays resulted in a sig
nificant increase in the activities of superoxide dismutase and glutathione
peroxidase as well as glutathione content in the irradiated mouse skin. More
over, the ascorbic acid pretreatment inhibited the radiation-induced increase
in lipid peroxidation in skin. These results confirm the photoprotective
effect of vitamin C in animal skin. Oral administration of vitamin C (60%
in a mixture administered at 1,130 mg/kg/day) in combination with vita
min E, primrose oil, and pycnogenol was reported to significantly reduce
UVB-induced wrinkle formation and epidermal thickness in a preclinical
model (Cho et al., 2007). Topically applied vitamin C induced significant
photoprotective effects at concentrations of at least 10% in animals and
humans. This effect was also observed when vitamin C was applied in



6: BIOAVAILABILITY AND SKIN BIOEFFICACY, RICHELLE ET AL. 129

combination with vitamin E (Eberlein-Konig & Ring, 2005; Humbert
et aI., 2003). Furthermore, ferulic acid was shown to stabilize vitamins C
and E when incorporated into a topical formulation and thereby doubled
its photoprotection of skin as measured by erythema and sunburn cell for
mation (Lin et aI., 2005). By contrast, oral vitamin C supplementation,
even at high doses (gram), failed to confirm any photoprotection property
(Fuchs & Kern, 1998; Mireles-Rocha et aI., 2002; McArdle et aI., 2002).
Leveque et al. (2002) determined skin ascorbic acid concentration in face
and abdomen skin samples of 39 volunteers, split in different groups
according to their age (ranging from 15 years to greater than 50 years).
The results showed that skin ascorbic acid significantly decreases with age
and that ascorbic acid concentrations were lower in sun-exposed sites
(face) versus sun-protected sites (abdomen). These results suggested that
vitamin C supplementation can prevent deficiencies in skin, and thus skin
photoaging, but more studies are needed to evaluate if the decrease of
vitamin C is a consequence of impaired vitamin C bioavailability or sim
ply a result of reduced food intake. With age the sensory capacity is often
decreased, oral status is poor, and gastrointestinal changes are observed
(e.g., Helicobacter pylori infection). Food intake-related lower vitamin C
level with increasing age can be compensated for by oral supplementation.
This might support the idea that oral vitamin C can counteract skin
deficiencies and so prevent skin damage appearing with age.

6.7 Conclusions

Dietary bioactives such as vitamins E and C have demonstrated beneficial
effects to maintain and improve skin integrity and physiology as well as
to reduce deleterious effects induced by aging and environmental stresses,
and more specifically UV-induced skin damages. Beneficial effects have
been demonstrated with the use of topical application of these ingredients.
More recently, oral supplements containing these ingredients have also
been reported to be beneficial for skin. However, consumption of dietary
bioactives does not guarantee obtaining a beneficial effect on human skin;
indeed this ingredient must cross the intestinal barrier, and if necessary
must be metabolized and distributed to the skin. Absorption of dietary
bioactives in the gut and in the skin could be modulated based on
understanding the key parameters involved in the absorption process, that
is, role of transfer proteins, physical and chemical properties of the
dietary bioactives, and competition and/or interaction with other dietary
bioactives.
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In conclusion, when dietary bioactives have been selected for their incor
poration into an oral supplement, bioavailability of individual dietary bio
actives present in the oral supplement as well their interaction with the
different constituents of the supplement have to be carefully evaluated and,
if necessary, improved. The importance of active versus inactive forms,
appropriate concentrations, and product stability remain hurdles-and
information that is missing in most of the published literature.

The administration of these bioactives by the oral route offers several
advantages over their topical application: the intestines absorb bioactives,
which are sometimes compromised in topical application due to their
low stability or low skin penetration; and bioactives reach the entire skin
of the body; bioactives are distributed to all the skin compartments, for
example, epidermis, dermis, hypodermis, blood vessels, and sebum, allow
ing bioefficacy in all these compartments. The oral administration of these
bioactives could be complementary to the topical application.

The skin health effects of aging will always remain an important issue
for the population, and educating them about what has or has not been
scientifically established is an important role for health care professionals.
Additionally, interest and pursuit of further education on these ingredients,
products, and oral skin health supplements in general may ultimately drive
future research that will distinguish truly efficacious nutrients from
misleading claims.
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7.1 Summary

Zinc is an essential element in human and animal nutrition with different
and important roles. Zinc plays catalytic, structural, or regulatory functions
in the more than 300 metalloenzymes that have been identified in biological
systems in are involved in nucleic acid and protein metabolism and the
production of energy. Zinc plays a structural role in the formation of the
so-called zinc fingers that are exploited by transcription factors for inter
acting with DNA and regulating the activity of genes. Another structural
role of zinc is in the maintenance of the integrity of biological membranes,
resulting in their protection against oxidative injury.

Physiologically, zinc is vital for growth and development, sexual matu
ration and reproduction, dark vision adaptation, olfactory and gusta
tory activity, insulin storage and release, and a variety of host immune
defences. Zinc deficiency can result in growth retardation, immune dys
function, increased incidence of infections, hypogonadism, oligospermia,
anorexia, diarrhea, weight loss, delayed wound healing, neural tube defects
of the fetus, increased risk for abortion, alopecia, mental lethargy, and
skin changes. Moderate to severe zinc deficiency is rare in industrial
ized countries. However, it is highly prevalent in developing countries.
Zinc intake in many of the elderly may be suboptimal and, if compounded
with certain drugs and diseases, can lead to mild or even moderate zinc
deficiency.

Selenium, although toxic in large doses, is an essential micronutrient for
animals. In plants, it occurs as a bystander mineral, sometimes in toxic
proportions in forage (some plants may accumulate selenium as a defense
against being eaten by animals, but other plants such as locoweed require
selenium, and their growth indicates the presence of selenium in soil). It
is a component of the unusual amino acids selenocysteine and selenome
thionine. In humans, selenium is a trace element nutrient that functions
as a cofactor for reduction of antioxidant enzymes such as glutathione
peroxidases and certain forms of thioredoxin reductase found in animals
and some plants (this enzyme occurs in all living organisms, but not all
forms of it in plants require selenium).

Selenium deficiency is most commonly seen in parts of China where the
selenium content in the soil, and therefore selenium intake, is very low. Sele
nium deficiency is linked to Keshan disease, whose signs are an enlarged
heart and poor heart function. Keshan disease has been observed in
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low-selenium areas of China, where dietary intake (13-19 ug daily) is
significantly lower than the current RDA.

Selenium deficiency results also in atrophy degeneration and necrosis of
cartilage tissue. Because selenium is also necessary for the conversion of
the thyroid hormone thyroxine into triiodothyronine, its deficiency can
cause symptoms of hypothyroidism, including extreme fatigue, mental
retardation, goitre, cretinism, and recurrent miscarriage.

7.2 Zinc and Zinc-Containing Biomolecules

The ubiquity of zinc in the human body (2.5 g) testifies the critical role it
plays in normal health and development. Zinc is especially prevalent in the
epidermis (71 ug/g dry weight), where it is needed owing to the highly
proliferative nature of this tissue [1].

The importance of zinc to skin health is demonstrated by the prominent
manifestation of dietary or genetically induced zinc deficiencies as derma
tologic abnormalities. Low serum zinc levels generally accompany bullous
pemphigoid and decubitus ulcers [2]. Moreover, the genetic inability to
absorb zinc from the intestine results in acrodermatitis enteropathica,
which manifests itself as severe dermatitis at orifices and acra [3]. Oral
zinc treatment improves this condition [4].

Several thousand years ago, the ancient Egyptians were already exploiting
the therapeutic benefits of topically applied zinc compounds for treating
various skin conditions.

In the human genome, the prevalence of genes encoding for zinc proteins
(over 3% of the 32,000 identified genes) is very large [5J, as well as one of
the largest classes of eukaryotic proteins, called zinc finger proteins [6].
They are a family of more than 2,000 transcription factors that bind
specifically to DNA and activate transcription of growth factors [7-9];
moreover, they are regulators of adult hematopoietic stem cells [10].
Two of the most important zinc finger proteins relevant to skin are DNA
and RNA polymerases, which catalyze the replication of DNA and its
transcription [11].

Zinc biomolecules include over 300 characterized enzymes. The catalysts that
have specific relevance to skin are: (l) matrix metalloproteinases (MMPs),
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which hydrolyze nearly all of the structural proteins of the extracellular matrix
(ECM) such as collagen, elastin, and gelatin; (2) superoxide dismutase (SOD),
with a relevant antioxidant activity; and (3) alkaline phosphatase, which is
involvedin adenosinemonophosphate (AMP) metabolism, which in tum plays
a role in suppressing the inflammatory process.

Another protein with structural function relevant to skin is metallothionein
(MT), which, besides its weak antioxidant properties, plays a primary role
in the storage and possibly in the transport of zinc. Metallothioneins (MTs)
complex up to 20% of intracellular zinc [12]. These ubiquitous, cysteine
rich low-molecular-weight proteins regulate the intracellular supply of
zinc to enzymes, gene-regulatory molecules, and zinc depots, and protect
cells from deleterious effects of exposure to elevated levels of zinc. One
MT molecule can bind seven zinc ions.

Another zinc-binding protein quite recently discovered is psonasme,
which is known to strongly bind to epidermal fatty acid binding protein.
Psoriasine is the principal and preferentially E.coli-killing antimicrobial
component of healthy skin. Psoriasine is focally expressed and released
from keratinocytes, particularly in areas that have a high bacterial coloni
zation. In addition to keratinocytes, sebocytes also show expression of
psoriasine. It was found that psoriasine is induced by interleukin l-beta
or tumor necrosis factor in primary keratinocytes. Structural investiga
tions have clearly shown that psoriasine binds to zinc; the absence of
antibacterial activity in zinc-loaded psoriasine suggests that the protein
probably kills E.coli by zinc sequestration [13].

7.2.1 Cellullar Zinc Homeostasis

Advances in molecular genetics and zinc-specific fluorescent probes
have unraveled many of the mechanisms responsible for zinc uptake, intra
cellular distribution, and elimination [14]. Within cells, 30-40% of the
zinc is bound to proteins in the nucleus, 50% is located in the cytoplasm,
and the remainder is in plasma membranes [15].

• Zinc absorption and efflux. The ZIP family of membranous
transporter proteins is mainly involved in cellular zinc uptake,
whereas the ZnT family mediates zinc efflux [16]. Energy
sources for the zinc channels are elusive, and symport as well
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as antiport mechanisms have been proposed [17]. Members
of the ZIP family consist of 220-650 amino-acyl residues
with eight putative membrane-spanning domains. ZIP-1 is the
major uptake system in human tissues [18] and is expressed
in the small intestine, epidermis, and keratinocytes [19]. The
ZnT proteins comprise six putative transmembrane domains
with a histidine-rich loop [20]. ZnT-l is found in plasma
membranes and catalyzes efflux from the cytoplasm into
the extracellular medium, preventing excessive intracellular
zinc concentrations. ZnT-2 translocates zinc ions to an acidic
endosomal compartment, another mechanism for cytopro
tection. ZnT-4 is constitutively expressed in the mammary
gland epithelium, where it controls secretion of zinc into
breast milk [21]. Expression of MTs and zinc transporters is
transcriptionally regulated by metal-responsive transcription
factor-l that senses zinc levels [22].
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7.2.2 Zinc and Calcium in Skin Biochemistry and Physiology

The zinc concentration in the epidermis (50-70 ug/g dry weight) is higher
than in the dermis (10-5 Ilg/g dry weight) in human skin, perhaps reflecting
the activity of zinc-dependent RNA and DNA polymerases in mitotically
active basal cells [23]. Immunohistochemical and in situ hybridization
localization studies on normal skin indicate high levels of MTs in the
basal epidermis with reduced concentrations in postmitotic keratinocytes,
reticuloendothelial cells, and fibroblasts [24].

There is a critical balance between zinc and calcium in basal cell mitosis
and postmitotic functional maturation involving keratohyalin synthesis
and keratinization in normal skin [25]. An inverse relationship is seen
in the epidermis between the zinc concentration and the state of matura
tion and keratinization of postmitotic cells. Declining zinc gradients
across the epidermis are the reverse of calcium gradients that increase
from the basal layer to maximal concentrations in the granular cells [25].
Calcium-binding proteins like calmodulin hold key roles. Heng et al. [26]
demonstrated reciprocity between tissue calmodulin and cAMP levels in
epidermal cells, and showed that calmodulin levels decline significantly
in the presence of excess zinc. Zinc also modulates the activity of
calcium/calmodulin-dependent protein kinase II dose dependently [27].



144 MICRONUTRIENT SUPPORT FOR BEAUTIFUL HAIR AND SKIN

The relative importance of zinc and calcium in cell proliferation and
maturation is further illustrated in comparative studies of keratinizing
epithelia [28]. In thin hairy skin, where mitosis is inversely proportional
to the hair cover, zinc and calcium levels are appreciably lower than in
pressure keratinization on the sole of the foot, where the robust epider
mis with one to three basal layers is associated with a protracted kerati
nization and thick compacted stratum corneum. Higher levels of zinc in
the sensory epithelia of the nasal mucosa and tongue are not only consis
tent with high mitotic activity, protracted zones of keratinization, and
high levels of protein-bound phospholipids, but reflect the importance of
zinc in taste and smell perception [29].

7.2.3 Physiological Role and Mechanism of Action of Zinc

• Zinc and immune functions. Zinc is required for a number
of immune functions, including T-Iymphocyte activity. Zinc
deficiency results in thymic involution, depressed delayed
hypersensitivity, decreased peripheral T-Iymphocyte count,
proliferative T-Iymphocyte response to phytohemagglutinin,
decreased cytotoxic T-Iymphocyte activity, T helper lympho
cyte function, natural killer cell activity, macrophage and
neutrophil functions, and antibody production. Zinc supple
mentation can restore impaired immune function in patients
with zinc deficiency [30], as found in malabsorption syndromes
and acrodermatitis enteropathica; but there is little evidence
that zinc supplementation will enhance immune responses
in subjects who are not zinc-deficient. High doses of zinc
may even be immunosuppressive [31]. The mechanism
underlying the immune effects of zinc is not fully understood.
Some of these effects may be accounted for the membrane
stabilization effect of the ion. This could affect signaling pro
cesses involved in cell-mediated immunity. Zinc may also
influence gene expression by structural stabilization of dif
ferent immunological transcription factors. In PBMCs, zinc
induces cytokine production, including interleukin (IL)-l
(IL-6 and tumor necrosis factor [TNF]-alpha) [32]. In con
clusion, T-Iymphocyte activation appears to be delicately
regulated by zinc concentrations.

• Zinc and redox system. Zinc may have secondary antioxidant
activity but does not have redox activity under physiological
conditions. It may influence membrane structure by its ability
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to stabilize thiol groups and phospholipids. It may also occupy
sites that might otherwise contain redox active metals such as
iron. These effects may protect membranes against oxidative
damage. As mentioned above, zinc plays a structural role in
Cu/Zn-SOD. A possible mechanism to explain the antioxidant
activity of zinc is its association with the metallothionein in
competition with copper [33].

• Zinc in wound repair and healing. The requirement of skin
for local high concentrations of zinc during wound healing
has been demonstrated, or at least implied, in various ways.
First, oral zinc supplementation has repeatedly been shown
to enhance the rate of wound healing [34]. Second, in a rat
wound model, local zinc levels are seen to increase after
wounding [35]. Moreover, the expression of MT, which acts
as a reservoir of zinc, is higher in healing wounds than in nor
mal skin [36]. MT up-regulation can be induced in vivo by
exposure to zinc [37]. Collectively, all of these observations
argue that the requirement for zinc is higher in skin during
the process of healing.
Improvement in wound healing on exposure to zinc is not
limited to oral supplementation: topically applied zinc com
pounds are also effective. For example, zinc oxide improves
leg ulcers and has beneficial effects in occlusive dressings; it
also increases the rate of re-epithelialization in a pig model.
Other studies have shown that topically absorbed zinc from
wounds promotes the early wound-healing phase and topical
zinc oxide promotes cleansing of wounds [34].
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7.2.3.1 Overview of the Wound Repair Process and Physiology

The repair of cutaneous injuries is a biologic process designed to regener
ate a functional stratum corneum and restore the barrier properties of
the skin. The process consists of a sequence of coordinated events that
involve cell-cell and cell-matrix interactions that trigger numerous signaling
pathways [38].

• Zinc participation in wound repair. Zinc and zinc-containing
proteins are involved in nearly all stage of cutaneous wound
repair; the ion has significant roles in the modification of ECM,
cell migration, and protein synthesis and in the reduction of
inflammation.
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The MMP family of zinc-dependent proteins is actively
involved in wound healing. Both the re-epithelialization
and granulation tissue formation phases involve cell divi
sion and movement of new cells to close the wound. In
addition, the initial, fibrous ECM formed for wound closure
needs to be remodeled. Degradation of the matrix is carried
out by MMPs that specifically digest matrix proteins, such
as collagen, elastin, laminin, vitronectin, and fibronectin.
Specific MMPs are secreted by keratinocytes, fibroblasts,
and other cells in response to local growth factor signals.
This degradation is a driving force behind tissue remodel
ing and facilitates the movement of new cells throughout
the healing wound.
Additional zinc proteins critical for the repair process
are the zinc finger transcription factors mentioned above,
which influence gene expression and thereby regulate cel
lular behavior. Zinc finger transcription factors cooperate
with DNA and RNA polymerases to initiate transcription of
key genes involved in wound healing, for example, genes
involved in cellular replication and genes encoding ECM
proteins. Several zinc finger transcription factors have been
identified in the skin, two of which are basonuclin and
c-Krox. The former is present mainly in the nuclei of the
basal cell layer in a variety of stratified squamous epithelia
and it is also found in cultured human keratinocytes [39].
The expression of basonuclin is closely associated with
cells that are actively dividing or that have the potential to
divide, implying a role in the regulation of cell division.
Unlike basonuclin, c-Krox is not involved in cell division
but rather in controlling expression of genes encoding ECM
proteins. C-Krox is known to coordinate the expression of
the two collagen type I genes in skin and may also control
expression of fibronectin and other matrix genes [40]. The
synthesis of both collagen and fibronectin is central to the
wound repair process.
In addition to the role that zinc-containing proteins or
enzymes play in wound repair, zinc itself facilitates the
process by other mechanisms of action (e.g., the expres
sion of integrins, cell-surface proteins that mediate interac
tions between the cell and the various extracellular matrix
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proteins surrounding the cell). The effect of zinc was found
to be particularly notable on those integrins affecting
cellular mobility in the proliferative phase of wound heal
ing. For a recent review on these topics, see Lansdown
et al. [35].

• Inflammation and zinc. Inflammation is an important step in
wound healing. There is a growing body of evidence that zinc
has anti-inflammatory activity. Oral zinc therapy has been
shown to be effective in treating the inflammatory conditions
of acne, alopecia, rheumatoid arthritis, colitis and Crohn's
disease, and psoriatic arthritis [41].
If the injury is deep enough (dermis) to induce injury to
blood vessels, blood clot formation is the first step in heal
ing. Platelets become embedded in a network of cross-linked
fibrin fibers designed to stop the loss of blood. The platelets
also release a series of growth factors that send two types of
messages: recruitment of inflammatory cells and initiation of
cellular division.
The two types of inflammatory cells recruited are macro
phages and neutrophils, both of which are involved in
cleansing the site of debris and bacteria via phagocytosis.
These inflammatory cells bind to specific ECM proteins via
integrins. This process of adhesion triggers the release of
another group of growth factors that initiate the transition
from an inflammatory state to a repair state (re-epithelializa
tion) and that stimulate release or synthesis of materials with
anti-inflammatory activity, for example, adenosine [42]. An
example of a zinc-dependent enzyme involved in regulation
of inflammation is alkaline phosphatase. The enzyme is
released from the surface of epithelial cells and, as already
previously indicated, dephosphorylates AMP to generate ade
nosine [43]. Adenosine has potent anti-inflammatory activity
and participates in the curtailment of the inflammatory phase
of wound healing.

• Effect ofzinc on immunologic cells and cytokines. The effect of
zinc on the different cells involved in inflammation-such as
mast cells, platelets, macrophages, neutrophils, natural killer
cells, and lymphocytes-is cell type specific; zinc can also
influence the cytokine messengers that facilitate communica
tion with these cells [44-47].
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One example highlights the importance of zinc in dermatology
from this perspective; zinc inhibits mast cell degranulation,
thereby reducing the secretion of histamine [48], which is an
important mediator of inflammatory response and an inducer
of itch. This could represent the pharmacologic basis for the
common preparation of calamine lotion (based on zinc oxide
or zinc carbonate) to relieve itch.

7.2.3.2 Other Mechanisms behind
the Anti-inflammatory Activity of Zinc

Besides its impact on immunologic cells and the messengers secreted by
them, zinc has other effects that likely contribute to its anti-inflammatory
activity. One such effect is the ability of zinc to reduce keratinocyte activa
tion markers frequently observed in vivo [49]. In particular, zinc is able to
reduce the expression of intercellular adhesion molecule 1 on the keratino
cyte surface and reduce the secretion of tumor necrosis factor a from
keratinocytes in response to various stimuli.

Another effect of zinc is its ability to inhibit the production of nitric oxide
(NO) [50], which can interact with superoxide anion (02) and form per
oxynitrite (ONOO); the last one is a cytotoxic agent causing tissue damage
and resulting in skin inflammation [51]. Zinc may inhibit NO production
by decreasing the expression of iNOS and/or by inhibiting iNOS activity
via effects on calmodulin, which is a subunit-like component of iNOS.

In addition to reducing levels of peroxynitrite via its effects on iNOS, zinc
also protects cells from other oxygen radicals by virtue of its antioxidant
activity [52]. Zinc has been shown to reduce the cellular and genetic damage
caused by exposure to ultraviolet light [53] and enhance resistance of skin
fibroblasts to oxidative stress [54]. Although this effect could be due to the
influence on zinc-containing enzymes and proteins in skin that have a
direct role in scavenging reactive oxygen species, such as SOD and MT,
zinc likely has a broader role. It has been proposed that zinc can displace
other, more harmful, redox-active metal ions, such as iron and copper,
from sites that could cause formation of oxygen-based free radicals [52].

In conclusion, the use of zinc in cosmetics is linked to its role in
immune function, in redox system, in wound repairing and healing,
and in inflammation.
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7.3 Selenium and Skin Health
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Selenium is a component of the unusual amino acids selenocysteine and
selenomethionine. Inhumans, selenium is a trace element nutrient that func
tions as a cofactor for reduction of antioxidant enzymes such as glutathione
peroxidases and certain forms of thioredoxin reductase.

Glutathione peroxidase (GSHPx) catalyzes reactions that remove reactive
oxygen species such as peroxide:

Selenium also plays a role in the functioning of the thyroid gland by
participating as a cofactor for the three known thyroid hormone deiodinases.

7.3.1 Biochemical Functions

For a recent review of selenium metabolism, see Burk and Levandar [55]
Twenty-five selenoprotein genes have been identified in the human genome
by bioinformatics methods [56]. The selenoproteins that result from expres
sion of these genes are responsible for the biochemical functions of selenium.
Some of the better known selenoproteins are discussed briefly below:

• Glutathione peroxidases. Five selenium containing GSHPxs,
all separate gene products, have been identified in the human
genome [56]. The cellular GSHPx, GSHPx-l, is the most
abundant member of this family and is present in all cells.
GSHPx-2 is found predominantly in tissues of the gastrointes
tinal track [57]. GSHPx-3 is present in plasma and milk [58]
whereas GSHPx-4 (also known as phospholipid hydroperox
ide, GSHPx) is present inside cells and catalyzes reduction of
fatty acid hydroxide in the phospholipid cell membrane [59].
This enzyme has two special functions in the spermatozoan;
it is a constituent of the mitochondrial capsule [60] and it is
involved in chromatin packing in the sperm head [56]. Finally,
GSHPx-6 is present in the olfactory apparatus but to date its
function is not known [56) .

• lodothyronine deiodinases. These enzymes catalyze the deio
dination of thyroxine and triiodothyronine and thereby regulate
the concentration of the active thyroid hormone [61].
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• Thyoredoxin reductases. These enzymes are flavin-containing
selenoprotein, dependent on reduced NADP that in turn reduce
the internal disulfide of thyoredoxin. Three isoforms have
been identified; one is present in the cytosol, another in the
mitochondrion, the third in the testis [62]. These reductases
provide reducing equivalents to a variety of enzymes. Many
of them are oxidant defense enzymes, but others operate in
DNA synthesis and cell signaling.

• Selenoprotein P. This is an extracellular glycoprotein found
in plasma and also associated with endothelial cells [63]. One
of the functions of selenoprotein P, which contains a large
fraction of the plasma selenium (about 45%), is to supply
selenium to the brain in order to maintain normal neuro
logical function and to the testis for spermatogenesis [64,65].
Selenoprotein P has been associated with the oxidant defense
properties of selenium, and in particular it protects endothelial
cells from reactive oxygen species generated by inflammation
or by xenobiotic metabolism.

7.3.2 Selenium Supplementation and Skin Cell Well-Being

• Selenium and acne. Acne vulgaris is a distressing skin condi
tion that can carry with it significant psychological disabil
ity. Patients with acne are more likely to experience anger
and are at increased risk of depression, anxiety, and even
suicidal ideation. Certain nutrients that have been impli
cated as influencing the pathophysiology of acne have also
been identified as important mediators of human cognition,
behavior, and emotions. Zinc, folic acid, selenium, chro
mium, and omega-3 fatty acids are all examples of nutrients
that have been shown to influence depression, anger, and/or
anxiety. In a large 2002 review, D. Benton identified at least
five studies that show that low selenium intake is associ
ated with lowered mood states [66]. In addition, selenium
levels and selenium-dependent enzyme activity have also
been shown to be significantly lower in those patients with
acne [67].
For this reason, the deficiency of the above-mentioned nutri
ents, along with systemic oxidative stress and an altered
intestinal microflora, has been implicated in the pathogenesis
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of acne vulgaris. Probably certain nutritional factors, causing
a weakened antioxidant defense system and altered intestinal
microflora, may interplay to increase the risk of psychologi
cal sequelae in acne vulgaris [68]. Michaelssons et al. [69]
have demonstrated that male acne patients have significantly
lower GSH-Px levels than the controls. A good clinical result
was obtained after supplementation of selenium and tocoph
eryl succinate, especially in patients with pustular acne and
low GSH-Px; the beneficial effect was usually paralleled by
a slow rise of the enzyme activity. However 6-8 weeks after
withdrawal of the treatment, the GSH-Px value had returned
to the pre-treatment level.

• Selenium and seborrheic dermatitis. Seborrheic dermatitis is
a chronic inflammatory disorder affecting areas where seba
ceous glands are most prominent. Yeasts of the Malassentia
genus, as well as genetic, environmental, and general health
factors, contribute to this disorder. Treatment options include
application of antifungal preparations containing, for example,
selenium sulphide [70].

• Selenium protection from UVB radiation-induced cell death.
There is much evidence to suggest that selenium (Se) has
an important role in protecting skin from the harmful effects
of UVB. In humans, subnormal Se status is associated with
up to a four-fold increased risk of developing skin can
cer [71,72], and topical Se application, as selenomethionine,
has been shown to protect subjects from acute skin damage
following UVB exposure [73]. The results obtained by Raf
ferty et al. [74] show that preincubation of primary cultures
of keratinocytes, melanocytes, or HaCaT cell lines with Se
for 24 hours can provide significant protection from UVB
induced cell death. Selenite was more potent than seleniome
thionine at conferring protection. It is widely accepted that Se
exerts many of its biochemical actions through the expression
of specific selenoproteins in which Se is inserted as spe
cific selenocysteine residues encoded by a TGA triplet. This
insertion requires Se to be presented in a chemically active
form similar to selenide, and current evidence indicates that
selenite is a more potent precursor of selenide than seleniome
thionine is. As a consequence, Se seems to be acting through
incorporation into selenoproteins rather than by a direct
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antioxidant chemical action. In fact, the family of GPXs may
mediate the protective effects of Se because these enzymes
are capable of detoxifying hydrogen peroxide, lipid hydrox
iperoxides, and phospholipid hydroxyperoxides that are pro
duced during UV exposure. The previous findings of Rafferty
et al. [74] were more recently confirmed by the same author
[75]. Further evidence on the protection offered by selenium
against ultraviolet radiation results from the paper of Duthie
et al. [76], who ascribed the protective effect of selenium to
an increased capacity of the immune system. Moreover, they
reported that topical L-selenomethionine application leads to an
increased minimal erythema dose. The antioxidant properties of
Se-dependent enzymes were demonstrated in the author's
laboratory in Xenopus laevis embryos [77] and in human
blood [78] subjected to oxidative stress by radiation.

• Selenium and cancer. Several studies (e.g., the review of
Young and Lee [79]) have suggested a link between cancer
and Se deficiency. However, these links are still controver
sial, many for what skin cancers are concerned. After a
multicentre double-blind, randomized, placebo-controlled
cancer prevention trial, Se treatment did not protect against
development of squamous cell carcinomas of the skin. How
ever, results from secondary and point analyses support the
hypothesis that supplemental Se may reduce the incidence
of, and mortality from, carcinomas in several sites [80]. The
Nutritional Prevention of Cancer Trial was a double-blind,
randomized, placebo-controlled clinical trial designed to test
whether selenium as se1enized yeast (200 ug daily) could pre
vent nonmelanoma skin cancer among 1,312 patients from
the eastern United States who had previously had this disease.
Although results through the entire blinded period continued
to show that selenium supplementation was not statistically
significantly associated with the risk of basal cell carcinoma,
selenium supplementation was associated with statistically
significantly elevated risk of squamous cell carcinoma and
of total nonmelanoma skin cancer [81]. The hypothesis of a
link between Se and cancer is based on the antioxidant capac
ity or enhancing immuno-activity of Se. However, not all the
studies agree on the cancer fighting effects of Se. One study of
naturally occurring levels of Se in over 60,000 participants



7: ZINC, SELENIUM AND SKIN HEALTH, BERRA AND RIZZO

did not show a significant correlation between those levels and
cancer [82]. However, the SU.VI. MAX study [83] concluded
that low-dose supplementation with 120 mg of ascorbic acid,
30 mg of vitamin E, 6 mg of beta carotene, 100 ug of selenium,
and 20 mg of zinc resulted in a 31% reduction in the incidence
of cancer and a 37% reduction in all cause mortality in males,
but it did not get a significant result for females.
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In conclusion, the possible functional use of Se in cosmetics is linked to its
role in preventing oxidative stress due to free radical molecules.

Finally, it must be pointed out that a government report has revealed that
most people in the U.K. are not getting sufficient amounts of the trace
element selenium in their diet. According to the MAFF report, Food
Surveillance Information Sheet Number 51, the average consumption
of Se is currently only 34 ug per day, with falls well short of the RNI
(References Nutrient Intake, formerly Recommended Daily Allowance)
set by the government's COMA report in 1991, which stated that the
desired level for men is 75 ug and 60 ug for women.
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Abstract

PROTECT YOUR SKIN WITH NATURAL ANTIOXIDANTS

Solar ultraviolet (UV) radiation is considered a complete carcinogen,
because it initiates a photo-oxidative reaction that impairs the antioxidant
status and increases the cellular level of reactive oxygen species (ROS) in
the skin. To counteract this, the skin is endowed with efficient antioxidant
defense mechanisms, but when the generation of ROS overwhelms its
defense capacity, the ability of the skin to protect itself from the damaging
effects of ROS is impaired. Excessive exposure to solar UV radiation,
particularly its UVB component, leads to the development of various skin
disorders including erythema, edema, inflammation, hyperpigmentation,
hyperplasia, immunosuppression, skin cancers, and photoaging. There
fore, additional efforts are needed to protect the skin from the deleterious
effects of UV exposure. One such approach is to make antioxidants
available to the skin at the time of exposure, through topical or oral admin
istration of botanicals through a process that we define as photochemopre
vention. Here, we focus on the effects of selected botanical antioxidants
for protection against damage to the skin caused by sunlight.

8.1 Introduction

Solar ultraviolet (UV), particularly its UVB component, is responsible for
more than 1.2 million cutaneous malignancies diagnosed each year in the
U.S. alone [1]. UV radiation causes multifaceted damage to the skin and
its adjacent tissues, and it is one of the leading causes of premature skin
aging, immunosuppression, and carcinogenesis [2-4]. According to the
International Commission on Illumination, UV radiation is divided into
three categories: UVA or long wavelength UV (320-400 nm), UVB or
medium wavelength UV (280-320 nm), and UVC or short wavelength UV
(100-280 nm). UVA constitutes about 90-95% of solar radiation reaching
the earth. UVA, due to its longer wavelength, has high penetrating power,
and reaches deep into the epidermis and dermis of the skin. Intense expo
sure of the skin to UVA burns sensitive skin and damages the underlying
structures, causing premature aging [5]. UVA exposure also leads to the
generation of singlet oxygen, hydrogen peroxide, and hydroxyl free radi
cals, causing damage to cellular proteins, lipids, and DNA [6,7]. UVB, in
contrast, constitutes only about 4-5% of UV radiation but is thought to be
the most active constituent of solar radiation reaching the earth. However,
even though UVB is more genotoxic and capable of causing much more
cell damage than UVA, it has less penetrating power than UVA and acts
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mainly on the epidermal basal layer of the skin [7]. UVB induces direct
adverse biological effects including DNA damage, oxidative stress, free
radical production, photoaging, and skin cancer [7]. At the other end of the
spectrum, UVC is extremely damaging to the skin, even with a very short
exposure. Fortunately, UVC is prevented from reaching the earth, because
it is almost completely absorbed by the molecular oxygen and ozone
present in the earth's troposphere. Nevertheless, during the past few
decades, depletion of the stratospheric ozone layer has led to an increase
in the amount of solar UV radiation reaching the earth. This has led to a
significant increase in the amount of UV radiation that people receive. In
addition, compounded by changes in lifestyle related to excessive outdoor
activities, UV radiation has consequently led to an increase in the incidence
of skin-related disorders.

Skin, the largest organ of the body in terms of surface area, serves as a
competent epithelial barrier that interfaces the environment. The major
role of the skin is to provide a protective covering at this crucial interface
through a variety of passive and active features. Exposure of the skin to
UV radiation initiates a photo-oxidative reaction, which impairs the anti
oxidant status and increases the cellular level of reactive oxygen species
(ROS). This overwhelms the defense capacity of the skin, thereby impair
ing the ability of skin to protect itself from the damaging effects of UV,
resulting in increased oxidative stress. The induction of oxidative stress
and subsequent imbalance of the antioxidant defense system results in
damage to the cutaneous tissues and has been associated with the onset of
several disease states. Therefore, additional efforts are needed to protect
the skin against the deleterious effects of UV radiation. One such approach
to prevent the occurrence of skin damage is to enhance endogenous photo
protection through topical or oral administration of botanical antioxidants
that possess photoprotective properties.

8.2 Photochemoprevention by Botanical Antioxidant

Antioxidants from natural sources may provide new possibilities for the
treatment and/or prevention of oxidative stress-mediated diseases [1].
Botanical supplements, specifically dietary botanicals, possessing anti
inflammatory, immunomodulatory, and antioxidant properties are among
the promising group of compounds that can be exploited as ideal chemo
preventive agents for a variety of skin disorders. Studies have demonstrated
that the compounds present in the botanicals can attenuate the damages
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induced by UV light [8,9]. Botanical compounds typically have a broad
spectrum of activities and work against the harmful effects of UV radia
tion via a number of ways: (i) decreasing UV-induced sunburn and inflam
mation, (ii) scavenging free radicals and ROS that are harmful to the skin,
and (iii) modulating signaling pathways altered as a consequence of UV
exposure.

For a variety of reasons, botanical antioxidants are gaining popularity as
more and more skin care products containing botanical ingredients are
introduced in the market. Individuals can modify their dietary habits and
lifestyles in combination with a careful use of skin care products, because
exposure to UV radiation is difficult to avoid. It should be emphasized that
the approach of using botanical antioxidants could be an add-on to the
existing strategies of preventing damage from excessive exposure to sun.
Topically, botanical antioxidants can be used as sunscreens to augment the
level of photoprotection without causing any skin sensitization. Endogenous
photoprotection as nutritional/dietary supplement can add to the body's
antioxidant reservoir and protect against oxidative stress and inflammation.
In addition, botanical antioxidants are also involved in repair of structural
cutaneous photodamage by stimulating collagen synthesis and elastin
formation, along with a decrease in the breakdown of structural compo
nents [10]. Here, we focus on the effects of selected botanical antioxidants
gaining attention these days for their photochemopreventive effect against
UV-induced damages (Table 8.1).

8.2.1 Green TealEGCG

Tea is a popular beverage consumed by over two-thirds of the world
population across all continents. The major commercial types of tea are
green, black, and oolong tea, depending on how the young leaves of plant
Camellia sinesis of theaceae family are dried, fermented, processed, and
produced. Green tea is not fermented but steamed and dried, whereas
oolong tea is partially fermented before drying and black tea is fully
fermented. Of the total tea consumed in the world 78% is black tea, 20%
is green tea, and 2% is oolong tea. Black tea is primarily consumed in
Western and a few Asian countries; green tea is consumed in Japan, China,
and some North African and Middle East countries, whereas oolong tea
consumption is limited to southeastern China and Taiwan [11].

Tea contains polyphenolic compounds of which catechins account for
16-30% of its dry weight. During the fermentation process enzymes from
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tea leaves such as polyphenol oxidase react with polyphenolic tannins and
catechins and convert polyphenols to phlobaphanes and form aromatic
compounds that give aroma to the beverage. In green tea, leaves are not
allowed to oxidize by fermentation and are steamed, thereby inactivating
the enzymes and preserving about 90% of the polyphenols from being
degraded. The major catechins present in green tea are (-)-epigallocatechin
(EGC), (-)-epicatechin (EC), and its gallic acid esters (-)-epigallocatechin
gallate (EGCG) and (-)-epicatechin gallate (ECG). These combined units
are phenolic structures that can be easily oxidized. Compounds that are
easier to oxidize are better antioxidants. Hence, the catechol group reacts
readily with oxidants such as free radicals and ROS to form a stable
semiquinone radical. EGCG, the predominant polyphenol in green tea,
constituting up to roughly 10-50% of the total catechin content, is also the
most powerful ofcatechins with an antioxidant activity about 25-100 times
more than the commonly known antioxidants vitamins C and D [12].

Studies investigating the modulatory effects of EGCG on UVA-activated
gene expressions in human fibroblasts and keratinocytes indicated that the
effect of green tea polyphenols on cellular stress responses is complex and
involves direct effects on signal transduction as well as changes that may
be associated with its antioxidant activity [13]. Using human epidermal
keratinocytes as an in vitro model system we have shown that EGCG
inhibits UVB-induced generation of hydrogen peroxide (HP2) and phos
phorylation of mitogen-activated protein kinase (MAPK) signaling path
ways [14]. In addition, EGCG prevented UVB-induced infiltration of
leukocytes, depletion of antigen-presenting cells, and reduced oxidative
stress in the murine skin [15]. A follow-up study in human subjects further
demonstrated that topical application of EGCG to human skin prior to UV
exposure markedly decreased UV-induced production of H202 and nitric
oxide in both the dermal and the epidermal cells, along with inhibition of
infiltration of inflammatory leukocytes, particularly CD 11b(+) cells, the
major producers of reactive oxygen species. Furthermore, EGCG restored
the UV-induced decrease in the total glutathione level and prevented the
decrease in antioxidant glutathione peroxidase enzyme activity [16].

UV irradiation leads to distinct changes in skin connective tissues by
degradation of collagen, a major structural component of the extracellular
matrix, through activation of matrix metalloproteinases (MMPs). These
changes in collagenous skin tissues have been suggested to be the cause
of skin wrinkling and, consequently, premature aging of the skin. EGCG
was shown to hinder UVB-induced collagenolytic MMP production via
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interfering with the MAPK-responsive pathways [17]. In addition, UV
induced Nuclear Factor-kappa B (NF-KB) activation and expression of
Interleukin (IL)-6 has been shown to be attenuated by EGCG treatment in
cultured human keratinocytes (18). Kim et al. [19] examined the protective
effects of EGCG on UV-induced photoaging in various animal models and
human dermal fibroblast cultures. They found that lipid peroxidation was
significantly reduced in the EGCG-treated group. In addition, the erythema
relative index of the treated group was also significantly reduced. Also,
EGCG reduced UVA-induced skin damage and lessened the roughness and
sagginess of the murine skin through inhibition of decrease of dermal col
lagen [19]. This was further corroborated by another study that showed that
UV-induced oxidative damage and induction of MMPs might be prevented
in mouse skin by oral administration of green tea. Treatment with green tea
polyphenol (GTP) resulted in the inhibition of UVB-induced protein oxida
tion in mouse skin, a hallmark of photoaging. GTP treatment also inhibited
UVB-induced protein oxidation in human skin fibroblasts, which supported
the in vivo observations [20]. A double-blinded, placebo-controlled trial was
conducted to evaluate the effects of green tea supplementation on the clini
cal and histologic characteristics of photoaging. Although no significant dif
ferences in clinical grading were found between the green tea-treated and
placebo groups, other than higher subjective scores of irritation in the green
tea-treated group, histologic grading of skin biopsies did show significant
improvement in the elastic tissue content of treated specimens [21].

Data indicate that concentrations of EGCG as low as 10 microM can
significantly decrease the level of DNA single-strand breaks and alkali
labile sites in UV-irradiated cells. Studies have shown that EGCG has the
ability to ablate the mutagenic effects of UVA, reducing the induced
hypoxanthine-guanine phosphoribosyl transferase mutant frequency to
spontaneous levels [22]. Katiyar et al. [23] showed that topical applica
tion of GTP to human individuals protected against UV-induced DNA
damage by preventing the formation of cyclobutane pyrimidine dimers. A
pilot study was conducted in human volunteers to determine whether
ingestion of green tea could afford protection against UV-induced DNA
damage. Samples of peripheral blood cells taken after green tea consump
tion showed lower levels of DNA damage than those taken prior to inges
tion, when subjects were exposed to 12 min of UVA radiation [24]. Studies
further suggest that the protective effects of GTP appear to be mediated via
immunosuppressive cytokine interleukin (lL)-12, most likely through
induction of DNA repair [4]. Exposure of skin to UV radiation causes
diverse biological effects, including induction of inflammation, alteration
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in cutaneous immune cells, and impairment of contact hypersensitivity
responses. Nonetheless, in spite of the beneficial effect of green tea poly
phenols against UV-induced damages, Sevin et al. [25] showed that the
protective effects of EGCG were evident only when EGCG was applied
prior to UVA exposure to Wistar albino rats.

There is considerable data indicating that green tea has the potential to
protect against UV-mediated carcinogenesis. GTP and its constituent epi
catechin derivatives were found to interact with hepatic cytochrome P450
and inhibit the P450-dependent mixed-function oxidase enzymes [26].
EGCG is considered a potent antioxidant and major anticarcinogenic com
ponent in tea. When low concentrations of EGCG were added to the
extracts from green and black tea, the capacities to scavenge HzOz and
inhibit UV-induced 8-0HdG were substantially enhanced, suggesting that
EGCG may be the predominant component responsible for the antioxidant
activities [27]. Induction of skin tumors by UV radiation was significantly
reduced by topical, but not by oral, administration of purified EGCG [18].
In SKH-I hairless mice GTP resulted in inhibition of UVB-induced acti
vation of NF-KB and phosphorylation of MAPKs: ERKl/2, JNKl/2, and
p38 [28]. Feeding mice with green tea, black tea, or EGCG resulted in
decreased growth of well-established tumors, and a significant regression
of tumors was also observed [29]. Oral consumption of tea at concentra
tions similar to human consumption not only inhibited UVB-induced skin
tumorigenesis in mice but also reduced the size of paramaterial fat pad and
fatty tissue layer of the dermis both distal and directly under tumors [30].
In-depth studies, however, are required to further delineate the preventive
effects of EGCG against UV exposures to human skin.

8.2.2 Pomegranate

Pomegranate (Punica granatum L of family Punicaceae) fruit, widely con
sumed fresh and in beverage as juice or wine, has been extensively used
for medicinal purposes in ancient cultures. Pomegranate fruit is a rich
source of two types of polyphenolic compounds: hydrolyzable tannins
(such as punicallin, pedunculagin, punicalagin, gallagic, and ellagic esters
of glucose) and ftavanoids (such as anthocyanins, catechins, and other
complex ftavanoids). Pomegranate contains six types of anthocyanins (del
phinidin-3-g1ycoside, delphinidin-3,5-diglycoside, pelargonidin-3-g1ycoside,
pelargonidin-3,5-diglycoside, cyanidin-3-gylcoside, cyanidin-3,5-digylcoside).
The other ftavanoids present in pomegranate include quercetin, kaempherol,
and luteolin glycosides [31]. The effects of pomegranate are thought to
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be due to its free radical scavenging and antioxidant properties, attribut
able to its high polyphenolic content [32]. Extracts from different parts of
this plant such as juice, seed, and peel have been reported to exhibit strong
antioxidant activity [33].

Recent studies from our laboratory showed that treatment of normal
human epidermal keratinocytes (NHEK) with pomegranate fruit extract
(PFE) prior to UV exposure inhibited UVB-induced translocation and
phosphorylation ofNF-KB [5] and MAPK proteins ERKl/2, JNKl/2, and
p38 [7,34]. PFE also protected NHEK from UVA-mediated phosphoryla
tion of signal transducers and activators of transcription (STAT)-3, AKT,
and ERKl/2 [34]. More recently we have shown that treatment of immor
talized human keratinocyte HaCaT cells with PFE prior to UVB exposure
protected cells from UVB-mediated depletion of endogenous glutathione,
decreased UV-induced lipid peroxidation, and significantly inhibited
UVB-induced expression of MMP-2 and MMP-9 [35]. We further showed
that delphinidin, one of the major anthocyanins present in pomegranate,
protected NHEK from UVB-mediated increased lipid peroxidation, decrease
in cell viability, induction of apoptosis, increase in poly(ADP-ribose) poly
merase (PARP), and activation of caspases [34]. Treatment of HaCaT cells
and mouse skin with delphinidin prior to UVB exposure inhibited UVB
mediated oxidative stress and reduced DNA damage, thereby affording
protection from UVB-induced apoptosis [8].

In another study, we showed that oral feeding of PFE to mice, prior to multiple
UVB exposure, protected mouse skin against the adverse effects of UVB by
modulating NF-KB, MAPK, and AP-l signal transduction pathways and
induction of MMPs [36]. More recently, we reported that PFE also protected
against UVB-induced skin tumorigenesis in mouse model by modulating
STAT-3 and hypoxia inducible factor-a, leading to a decrease in inflamma
tory and angiogenic responses [37]. In addition, we found that pomegranate
juice, seed oil, and whole fruit extract causes a decrease in UVB-mediated
sunburn, DNA damage, proliferating cell nuclear antigen (PCNA), various
MMPs, and increase in protein oxidation, in the reconstituted EpiDerm
human skin model [38]. There is further evidence that oral intake of pome
granate extract inhibits UV-induced pigmentation in the human skin [39].

8.2.3 Curcumin

Curcumin is a yellow pigment (diferuloymethane) extracted from the
rhizome of Curcuma tonga of family Zingiberaceae, which is commonly
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known as turmeric. Studies have shown that curcumin possesses anti
inflammatory and antioxidant properties. The rhizome turmeric, used as a
spice, especially in the Indian subcontinent, is widely used as an indige
nous medicine for the treatment of many inflammatory diseases. Local
application of turmeric is a common household remedy for a number of
skin-related problems. Cosmetics supplemented with turmeric are marketed
in many parts of the world. Due to its antioxidant properties, both curcumin
and turmeric have been shown to scavenge ROS, including superoxide
anion radicals, hydroxyl radicals, and reactive nitrogen oxide radicals.
Curcumin has been shown to possess a wide spectrum of pharmacological
activities that include antioxidant, anti-inflammatory, anticancer, antimi
crobial, and wound-healing properties, and due to these it has a wide range
of clinical applications [40]. The molecular basis for the chemopreventive
action of curcumin is due to its effect on altered targets, which include cell
signaling molecules, transcription factors, apoptotic genes, angiogenesis
regulators, and cell adhesion molecules [41].

Curcumin protects cultured human lymphocytes from radiation-induced
DNA damage and lipid peroxidation, due to its strong antioxidant properties
[42]. In epidermal keratinocytes, curcumin resulted in decreased production
of superoxide radicals, leading to lower levels of cytotoxic hydrogen perox
ide [43]. Curcumin treatment was shown to result in decreased cell viabil
ity of melanoma cells through a cell membrane-mediated mechanism
independent of the p53 pathway [44]. Curcumin also induces apoptosis in
human basal cell carcinoma cells, where the p38 mediated pathway is crit
ically involved [45]. Treatment of highly metastatic murine melanoma
cells with curcumin inhibited MMP-2 activity, thereby preventing break
down of collagen in the highly metastatic murine melanoma cells [46].
Curcumin inhibited UVB-induced activations ofCOX-2, and p38 and JNK
MAPKs in HaCaT cells. UVB-induced DNA binding activity of AP-l was
also markedly decreased with curcumin treatment in HaCaT cells [47].

Curcuminoids have been reported to possess multifunctional bioactivities,
especially the ability to inhibit pro-inflammatory induction. In the human
keratinocyte cell line NCTC, curcumin downregulated UVB-stimulated
IL-6, IL-l~, TNF-a, and NF-KB [48,49]. Topical application of curcumin
has been shown to inhibit lipid peroxidation and arachidonic acid metabo
lism and enhance glutathione status and glutathione-S-peroxidase activity
in mice skin [50]. Curcumin applied topically inhibited the UVA-mediated
increase of ODC activity in the skin of TPA-treated CD-l mice, thereby
preventing UVA-induced aggravation of TPA-mediated dermatitis [51].
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Topical treatment of mice skin with curcumin also inhibited activation of
NF-KB and AP-l [52]. Dietary consumption of curcumin caused a signifi
cant decrease in expression of Ras and Fas proto-oncogenes in skin tumor
samples [53].

8.2.4 Resveratrol

Resveratrol, a polyphenolic phytoalexin chemically known as 3,4',5
trihydroxy-trans-stilbene, has been identified in about 70 species of plants.
It is largely present in the seeds and skin of grapes, various fruits, nuts,
mulberries, and red wine and is known to exhibit a wide range of biologi
cal and pharmacological properties. Grape skin is a good dietary source
of resveratrol, because the fresh skin contains about 50-100 ug of resvera
trol per gram, whereas in red wine its concentration is in the range of
1.5-3.0 mg/I. Resveratrol is a potent antioxidant with antimutagenic,
anti-inflammatory, and antiproliferative properties. It is also an inducer of
phase II drug-metabolizing enzymes, and inhibitor of COX-2 and hydro
peroxidase [54]. Recent data suggests that resveratrol has the potential to
prevent and slow the progression of various diseases that include ischemic
injury, cancer, and cardiovascular disease [55]. In this context, resveratrol
has been shown to inhibit diverse cellular events associated with tumor
initiation, promotion, and progression of cancer in all organs including
skin [56].

In NHEK, resveratrol pretreatment blocked UVB-induced activation of
the NF-KB pathway, which plays a critical role in the chemopreventive
effects of resveratrol against the adverse effects of UV radiation [57].
Pretreatment of HaCaT cells with resveratrol attenuated UVB-induced
ROS production with concomitant decrease of caspase-3 and caspase-8
activation, resulting in an increase in cell survival after UVB irradia
tion [58]. Topical application of resveratrol to SKH-l mice prior to UVB
exposure resulted in a significant decrease in UVB-mediated bi-fold skin
thickness, edema, and hyperplasia. Resveratrol further inhibited UVB
mediated lipid peroxidation, thus reducing oxidative stress [59]. In addition,
topical treatment of mouse skin with resveratrol decreased tumor promo
tion by inhibiting UVB-mediated cellular proliferation, and induction of
COX-2 and ODC enzyme activities, well-established markers for tumor
promotion [58,59]. Topical application of SKH-l hairless mouse skin with
resveratrol (both pre- and post-UVB exposure) resulted in downregulation
of survivin, a critical regulator of survival/death of cells and upregulated
proapoptotic, Smac/DIABLO proteins in skin tumors with increased
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apoptosis, thereby resulting in a decrease in tumor incidence and a delay
in the onset of tumorigenesis [60]. Resveratrol treatment resulted in a
significant downregulation in UV-induced critical cell cycle regulatory
proteins; cyclin-dependent kinase (cdk)-2, -4 and -6; cyclin-Dl; and
cyclin-D2 in SKH-l mouse skin [61].

8.2.5 Genistein

Genistein (4',5,7-trihydroxyisoflavone), an isoflavone occuring as a gly
coside (genistin) in the plants of family Leguminosae, has diverse bio
logical activities. Genistein forms a major constituent of soya bean, red
clover, ginkgo biloba, Greek oregano, and Greek sage. Genistein has been
shown to possess strong antioxidant and anticarcinogenic activity [62].
Accumulating evidence indicates that genistein shows preventive and
therapeutic effects against various types of cancers, osteoporosis, and car
diovascular diseases in both humans and animals. Genistein substantially
inhibits UV-induced skin carcinogenesis and cutaneous aging in mice,
and photodamage in humans. The mechanisms of action involved are
through its antioxidant activity, protection of oxidative and photodynami
cally damaged DNA, and modulation of UVB-altered signal transduction
cascades [63].

Cell culture studies show that genistein augmented the induction of c-jun
and jun B by UVB irradiation and prevented UVA-induced enhancement
of STATl binding activity [64,65]. It also suppressed both the basal and
stimulated expressions of COX-2 in HaCaT cells [66]. In human epidermal
cells, genistein blocked UVB-stimulated prostaglandin-2 synthesis [67].
Topical application of genistein and its endogenous metabolites and deriv
atives to SKH-l mice has been shown to reduce inflammatory edema and
suppress contact hypersensitivity reaction induced by UV radiation, thereby
protecting the immune system from photosuppression [68]. Pretreatment
of skin with genistein prior to UVB exposure resulted in a significant
decrease in UV-induced generation of 8-0HdG, HP2' and malondialdehyde
in the epidermis as well as other internal organs [69]. Studies have demon
strated that genistein minimizes the detrimental effect of UVB radiation
by preserving cutaneous proliferation and repair mechanisms and inhibits
UV-induced pyrimidine dimer formation in the human reconstituted skin
model, EpiDerm [70]. Genistein protected the melanocytes from UVB
induced carcinogenesis by altering the expression of gangliosides and
other carbohydrate antigens so as to facilitate their immune recognition.
Furthermore, genistein also inhibited the activities of protein tyrosine kinase,
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topoisomerase II, and MMP-9, and downregulated the expression of a
number of genes, including VEGF, with inhibition of cell proliferation and
cell cycle growth arrest at the G2/M phase, thereby preventing invasion and
angiogenesis [71].

8.2.6 Apigenin

Apigenin is a f1avanoid (5,7,4'-trihydroxyflavone), present in the leaves
and stems of many vascular plants that include herbs (e.g., endive, clove),
fruits (e.g., apples, cherries, grapes), vegetables (celery beans, broccoli,
tomatoes, onions, leeks, barley, parsley) and beverages such as tea and
wine. This antioxidant-rich compound has proven to be relatively nontoxic,
nonmutagenic, free radical scavenger, anti-inflammatory, and anticarcino
genic in nature [72]. Studies showed that apigenin prevents skin tumori
genesis by inducing G2/M phase cell cycle arrest in mouse keratinocytes
[73]. Apigenin also inhibited UVB-induced increase in COX-2 protein and
mRNA levels in mouse and human keratinocyte cell lines [74]. In human
dermal fibroblasts, apigenin scavenged UVA-induced generation of ROS
and inhibited collagenase activity [75]. In cultured human dermal fibroblast
cells apigenin-8-C-~-D-glucopyranoside protected against UV-induced
adverse skin reactions such as free radical production and skin cell damage
[76]. Topical application of apigenin to mouse skin prior to UVB exposure
significantly inhibited UV-mediated increase in ODC enzyme activity,
reduced tumor incidence rate, increased tumor-free survival, and effectively
prevented UV-induced skin tumorigenesis [77].

8.2.7 Carotenoids

Carotenoids, the pigments present in all colored plants, are believed to play
an important role in protecting plants from photosensitization. The main
carotenoids include ~-carotene found in carrots and Iycopene, an acyclic
isomer of ~-carotene, found in red fruits and vegetables, like tomatoes,
watermelon, papaya, grape fruit, and apricot. The extended system of con
jugated double bonds present in carotenoids is crucial for their antioxidant
properties [78]. Many of the health benefits of carotenoids are attributed to
their ability to protect cells against oxidative damage, their high singlet
oxygen-quenching ability, and scavenging of oxygen radicals [79].

Dietary ~-carotene protects hairless mice from UV-induced carcinogenesis.
Topical application of ~-carotene reduced solar radiation-induced erythema



176 PROTECT YOUR SKIN WITH NATURAL ANTIOXIDANTS

in humans. Similar results were obtained with lycopene, one of the most
potent naturally occurring antioxidants. which protected critical biomole
cules including protein, DNA, lipids, and low density lipoproteins [80].
Topical application of lycopene prior to UVB exposure has been shown
to reduce the damaging effects of UV, as evidenced by decreased ODC
activity, inflammatory responses, and development of skin tumors. A case
controlled study indicated that persons with high intake of dietary carote
noids showed a significantly lower risk for the development of melanoma
on repeated sun exposure [81].

8.2.8 Quercetin

Quercetin (3,5,7,3',4-pentahydroxyflavone), present in various common
fruits (apple, grapes, olives), vegetables (lemons, tomatoes, onions, broc
coli), beverages (tea, red wine), herbs, and beehives, is a powerful anti
oxidant and metal chelator. Studies have shown that quercetin is capable
of decreasing the harmful effect of UV radiation and lipid peroxidation. In
human dermal fibroblasts quercetin scavenged UVA-induced generation
of ROS and inhibited collagenase MMP activity, thereby preventing
UV-stressed skin aging [79]. In living skin-equivalent cultures quercetin
3-glucoside inhibited UVA-induced keratinocyte and fibroblast vacuola
tion and nuclear pyknosis and decreased the UVA-mediated increase in
8-0HdG and IL-la [82]. Quercetin applied topically to the dorsal skin of
SKH-l mice inhibited UVB-induced increase in the myeloperoxidase
activity and depletion of GSH, and it prevented UVB radiation-induced
skin damages [83]. Oral administration of quercetin to these mice pre
vented UVB-induced immunosuppression [84]. It has been shown to pro
tect the endogenous antioxidant enzymes: catalase, superoxide dismutase,
glutathione peroxidase, and glutathione reductase activities in rats [85].
Quercetin also inhibited MMP-l, which plays an important role in the
unbalanced turnover or rapid breakdown of collagen molecules in human
UV-irradiated skin [86].

8.2.9 Carnosic Acid

Carnosic acid, one of the major constituents of rosemary and sage, has
powerful antioxidative activity. Carnosic acid prevented photoaging and
photocarcinogenesis by suppressing UVA-induced activity ofMMP-l and
showed chemopreventive effects against carcinogens in animal models
[81]. A randomized double-blind, placebo-controlled study showed that
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sage extract significantly reduced UV-induced erythema to a similar extent
as hydrocortisone, suggesting that sage extract might be useful in the
topical treatment of inflammatory skin diseases [87].

8.2.10 Caffeic Acid and Ferullic Acid

Caffeic acid (3,4-dihydrocinnamic acid) and ferullic acid (4-hydroxy-3
methoxycinnamic acid) are present largely in grains, vegetables, and fruits
in conjugated form with saccharides. These hydroxycinnamic acids prevent
propagation of lipid peroxidative chain reaction and protect membrane
phospholipids from UV-induced peroxidation [81]. Studies show that
these acids afford significant protection to the skin against UVB-induced
erythema and may be successfully employed as topical protective agents
against UV-mediated skin damage [88].

8.3 Conclusion

A large number of studies support the notion that dietary botanicals with
antioxidant properties show anti-inflammatory, anticarcinogenic, and anti
photoaging effects both in vitro (cell/tissue culture) and in vivo (animal
models and humans). Therefore, the use of antioxidant-rich botanicals
as dietary sources, and/or supplementing skin care products with these
botanicals for daily use, may be an effective approach for reducing UV
induced photodamage and skin cancer. There is evidence that by increasing
the basal antioxidative protection level systematically by a regular intake
of antioxidant-rich botanicals UV-dependent skin damage could be
prevented.
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pumpkins, the red color of tomatoes, and the green color of many
vegetables.

There are two commonly accepted classes of carotenoids: (a) carotens,
composed of only carbon and hydrogen, and (b) oxycarotenoids, composed
of carbon, hydrogen, and oxygen. All of these compounds have an identical
backbone structure and their chemical and biochemical activities are related
to their unique structure, consisting of an extended system of conjugated
double bonds. Although the color of fruits and vegetables is important, the
primary role of carotenoids in nature is to protect from ultraviolet rays the
chlorophyll found in plant leaves. Carotenoids also help chlorophyll to
absorb light energy.

In fact, they act like excellent antioxidants by quenching singlet oxygen,
reactive oxygen species, and the free radicals that are by-products of meta
bolic processes in vegetable and human cells or environmental pollutants.
However, the hydrophilic properties of oxycarotenoids, like lutein and
zeaxantin, allow them to react with singlet oxygen generated in the water
phase more efficiently than nonpolar. Both carotenoids and oxycarotenoids
seem capable of preventing UV-induced DNA damage, protecting both the
human eyes and skin against photoaging.

In this chapter we try to review the distribution and potential protective
activity of carotenoids and oxycarotenoids in the human body and to
explore new potential strategies to explain the causal link between oxidative
stress and skin aging.

9.1 The Protective Role of Carotenoids

Nutrition plays an important role in the treatment of many diseases, and an
appropriate selection of nutrients contributes to the prevention of disorders
such as hyperlipidermia, hypertension, or vitamin deficiency [1,2]. Within
this context, carotenoids are among the compounds that have attracted a
great deal of attention [3].

They are a class of linear all-trans (E) form C40 polyenes found in plants,
algae, and some bacteria and fungi. The number of naturally occurring
carotenoids reported continues to rise and has now reached about 750
(Fig. 9.1). Although animals and humans cannot biosynthesize them
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Figure 9.1 Structure of some common carotenoids in the human diet.

de novo, carotenoids are often present, sometimes in high concentrations,
in animal tissue. Animals obtain these compounds from diet or perhaps, in
some cases, from associated micro-organisms, but they may modify the
structure of the ingested carotenoids to produce new metabolites [4].
Chemically, typical carotenoid pigments are tetraterpenoids, consisting of
eight 5-carbon isoprenoid units.

Carotenoids, responsible for the yellow color of corn, the orange color
of pumpkins, and the red color of tomatoes, have the primary role to
protect the chlorophyll found in plant leaves. As is common knowl
edge, chlorophyll is the primary source of energy generation in plants.
However, you might not be aware of the fact that chlorophyll is suscep
tible to damage caused by exposure to excessive amounts of light, par
ticularly ultraviolet rays. Carotenoids, particularly lutein and zeaxanthin,
are present in the chloroplasts to help protect the chlorophyll from such
damage. Additionally, carotenoids help chlorophyll to collect light
energy.

Moreover, it has been shown that these pigments protect photosynthetic
organisms against potentially lethal photosensitization by means of endo
genous photosynthetic pigments [5,6]. Therefore, carotenoid pigments
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Figure 9.2 Structure of the xanthophylls lutein and zeaxanthin.

may have a protective role not only in plants but in humans as well. There
are two known classes of carotenoids:

• carotens, composed of only carbon and hydrogen, including,
a-carotene, ~-carotene, and lycopene

• xanthophylls, composed of carbon, hydrogen, and oxygen,
including lutein, zeaxanthin, and ~-cryptoxanthin

Because the hundreds of natural carotenoids contain one of several centers
or axes of chirality, they can also occur in various optical isomers. Such
configurational changes may have a significant effect on the physical and
biochemical properties of the molecules. Hydrocarbon carotenoids, as in
carotens, are apolar lipophylic molecules and are not soluble in water but
are readily soluble in organic solvents and, to some extent, in fats and oils.
The presence of a hydroxy group, as in xanthophylls, gives the molecules
some polarity, but such compounds are still predominantly hydrophobic
(Fig. 9.2).

9.2 Bioavailability

Because of their hydrophobicity, carotenoids are not soluble in the aque
ous environment of the gastrointestinal tract. They need to be dissolved!
carried in lipid + bile salt systems to be absorbed at the enterocyte brush
border. It is important to remember, in fact, that the uptake of all carote
noids from diet is influenced by many variables such as: (a) the state of
the food (raw, cooked, and/or processed); (b) the presence and efficiency
of digestive enzymes and other endogenous digestives; and (c) the
composition of a meal (presence of fibers, fat, and its physical form).
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Moreover, the location and the physical form of all the carotenoids (in
addition to age, gender, smoking status, and alcohol composition) influ
ence their bioavailability and their consequent absorption. Thus, absorp
tion of carotenoids and xanthophylls is enhanced by their transfer to the
lipid phase during cooking in the presence of oil and by disruption of
the cellular matrix during mastication [7,8]. Absorbed by the mucus of
the small intestine, they are transported through the enterocyte and
hepatocyte, and incorporated into chylomicrons. Finally, they are
released into the systemic circulation carried by high- and low-density
lipoproteins. It was recently shown that the bioavailability of purified
lutein diet supplement is nearly double that of lutein taken by vegetable
sources [9-1 I].

9.3 Biological Activities

The chemical and biochemical activities of carotenoids are related to their
unique structure, consisting of an extended system of conjugated double
bonds. A number of biological effects therefore have been attributed to
carotenoids, including antioxidant activity, influence on the immune system,
control of cell growth and differentiation, and stimulatory effects on gap
junctional communications. However, recent attempts at dietary manipu
lation appear to be promising in terms of providing protection against
certain solar-induced effects present in photoaged skin. Carotenoids are
powerful singlet-oxygen quenchers and exhibit additional antioxidant pro
perties. In fact, their conjugated polyene backbone has the ability to delo
calize a charge or an unpaired electron [12]. These physical chemical
properties confer the ability to act as an antioxidant and to terminate free
radical reactions in vitro with the production of resonance-stabilized free
radical structures. Termination may be a result of (a) adduct formation,
where the free radical joins onto the polyene chain to produce a less reac
tive free radical; (b) electron transfer from the carotenoid to the free radi
cal to produce a less reactive charged carotenoid radical; or (c) donation
of a hydrogen molecule to the free radical to produce a stable carotenoid
radical [13]. However, oxygen species that are efficiently scavenged by
carotenoids are 102 and peroxyl radicals, and physical quenching seems
to be the major pathway involved in the deactivation of 102.

Moreover, it has been shown that a combination of carotenoids plus
vitamins E and C are more effective than ~-carotene alone [14-16] and
may increase superficial skin lipids (Fig. 9.3), skin hydration (Fig. 9.4),
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Figure 9.3 Percent increase in superficial skin lipids after dietary
supplementation with carotenoids or carotenoids plus other antioxidants.

Figure 9.4 Percent increase in skin hydration after dietary
supplementation with carotenoids or carotenoids plus other antioxidants.



9: ANTIOXIDANT BENEFITS OF ORAL CAROTENOIDS, MORGANTI 191

Figure 9.5 Percent increase in skin pigmentation after dietary
supplementation with carotenoids or carotenoids plus other
antioxidants.

and skin pigmentation of dryness-prone skin (Fig. 9.5), also decreasing
oxidative stress at the level of blood serum (Fig. 9.6). These mixtures, in
fact, are able to inhibit the formation of thiobarbituric acid reactive com
pounds more effectively than single components when they are used at the
same molar level. Such a synergistic antioxidant effect seems to be more
pronounced when either lycopene or lutein are present in the mixture.
These data indicate that dose levels of carotenoids may be important and
may have differential effects as well. The higher protection provided by
mixtures may be related to the specific positioning of different carotenoids
in the cell membrane (Fig. 9.7).

9.4 Carotenoids and Skin Aging

Skin aging is a complex biological process that is influenced by both
intrinsic and extrinsic factors that lead to a progressive loss of the skin's
flexibility and youthful appearance. Natural aging is accelerated by
environmental factors and by sun exposure in particular. Macroscopic
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Figure 9.6 Oxidative stress level in blood serum after dietary
supplementation with carotenoids or carotenoids plus other antioxidants.

Figure 9.7 Schematic representation of the positioning of carotenoids in
the cell membrane.

changes (skin wrinkling, rough skin texture, and irregular pigmentation)
and microscopic changes (degradation of extracellular matrix molecules
and DNA damage) are the hallmark of photoaging attributed to both
UVB and UVA rays [17,18]. All of these processes are involved in the
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initiation and progression of skin cancers. There is also evidence indicating
that prolonged UV exposure depletes the serum and skin of both carotenoids
and xanthophylis [19-21].

The protective effects are thought to be related to the antioxidant proper
ties of carotenoids. During ultraviolet (UV) irradiation, skin is exposed to
photo-oxidative damage induced by the formation of reactive oxygen and
nitrogen species (ROS and RNS). This damage affects cellular lipids,
proteins, and DNA, and is considered to be involved in the formation of
erythema, premature aging of the skin, photodermatoses, and skin cancer.
Carotenoids are efficient scavengers of ROS and RNS [22].

What is important to underline is the necessity to control the baseline caro
tenoid concentration in healthy subjects participating in a diet supplement
study. In fact, carotenoid depletion studies may provide a clear picture of
whether and when they are important antioxidants. This is because almost
all the conflicting information on the antioxidant activity of carotenoids
has been obtained by administering carotenoid supplements to already
well-fed individuals. Our double-blind placebo-controlled trial involving
the use of lutein/zeaxanthin taken orally and at the same time applied topi
cally has yielded interesting results on different controlled parameters [23]
such as skin hydration (Fig. 9.8), superficial skin lipids (Fig. 9.9), skin
elasticity (Fig. 9.10), and lipid peroxidation (Fig. 9.11). Test subjects fol
lowed a 6-day rotational balanced Mediterranean diet containing no more
than 0.5 mg. of ~-carotene/day. As a consequence, 15 days before starting,
the level of ~-carotene in the blood serum was medially 0.35 ±0.6IlmoIlL,
whereas during the supplementation period plasma levels increased
medially to 2.3 ± 1.7 umol/L.

What were the unexpected results? Xanthophylls and carotens seem to
have not only an interesting moisturizing activity but also a combined
metabolic route, and the two influence each other. Thus, playing a specific
role as a photoprotective agent thanks to its ability to screen out damaging
blue and UV light from the sun, lutein/zeaxanthin has four primary
functions:

I. to quench the triplet state of photosensitizer molecules and
the singlet state of molecular oxygen

2. to act as an antioxidant against oxygen and nitrogen reactive
species
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Figure 9.8 Percent increase in skin hydration after treatment with topical
lutein, oral lutein, or oral + topical lutein.

Figure 9.9 Percent increase in superficial skin lipids after treatment with
topical lutein, oral lutein, or oral + topical lutein.
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Figure 9.10 Change in skin elasticity (relative elastic retraction) after
treatment with topical lutein, oral lutein, or oral + topical lutein.

Figure 9.11 Change in skin lipid peroxidation after treatment with topical
lutein, oral lutein, or oral + topical lutein.
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3. to absorb blue wavelength light, which is currently considered
much more detrimental than UV rays

4. to maintain the moisture activity at the level of the human
horny layer's lipid lamellae

It therefore appears that these xanthophylls playa specific role as photo
protective agents capable of reducing inflammatory ROS-mediates, modu
lating skin hydration, decreasing skin aging, and, therefore, improving the
quality of our life.

9.5 Concluding Remarks

The large group of plant carotenoids present in the Mediterranean diet
attracts major interest because of their potential antiaging and other
beneficial properties, presumably based on their function as natural anti
oxidants. Carotenoids are compounds of particular interest because of
their extensive use in dietary supplements. Their regular, long-term con
sumption may improve antioxidant defence in vivo and thus help to lower
risks associated with diseases caused by oxidative damage.

However, more information on the photoaging activity of these natural
compounds is needed in order to understand how they act on the various
target tissues. Systematic pharmacokinetic and dose-response studies
are required to determine the different bioavailability of the individual
carotenoids and xanthophills, and to estimate the amounts in diet that
are likely to induce biological effects. Finally, more long-term carote
noid depletion chemical trials with well-characterized diet supplements
are necessary in order to confirm their beneficial antiaging effects in
humans.
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10.1 Coenzyme Q10

Coenzyme Q IO (CoQJO)' which has both energizing and antioxidative
effects, was found only a half century ago [I]. It was first isolated in 1957
from beef heart mitochondria by Crane, who named it coenzyme Q based
on its function in the electron transfer system of mitochondria [2]. In the
same year, Morton independently isolated ubiquinone, which means
"ubiquitous quinone," from rat liver [3,4]. In the following year, Isler
established the structure of ubiquinone [5], and Folkers determined the
structure of CoQ, demonstrating that ubiquinone and coenzyme Q are
identical [6]. The "IO" in the abbreviation CoQJO indicates that the mol
ecule has a side chain consisting of ten isoprenoid units, although the
chain length is different among species. For example, human beings, cat
tle, horses, pigs, sheep, rabbits, and soybeans contain COQIO' but rodents,
corn, and rice have COQ9' Escherichia coli has CoQg, and various kinds of
yeast have CoQ,o' COQ9' COQ7' or CoQo' Some kinds of plants, such as
sweet pepper, contain CoQIl"

Figure lO.l(a) shows the structure ofCoQ IO (ubiquinone) in oxidized form.
The reduced form, CoQ 1oH2 (ubiquinol), is shown in Fig. lO.l(b). In gen
eral, CoQ IO administered orally as a supplement in the oxidized form is
reduced to CoQ IOH2 by DT-diaphorase [7] or NADPH-dependent CoQ
reductase [8], and CoQ IO exists as the reduced form, CoQ IOH2 or ubiquinol,
in the living body. The functions of CoQ,o in the mitochondrial respiratory

(a)

0
H3CO CH3

1 1
"" CH3H3CO "" "" "" "" "" "" "" "" ""

0 CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3

(b)

OH
H3CO
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H3CO
'>..

"" "" "" "" "" "" "" "" "" "" CH3

OH CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3

Figure 10.1 (a) Structure of CoQ 10 , oxidative form. (b) Structure of
CoQlOH2 • reduced form.
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system were investigated thoroughly by Mitchell, who won the Nobel
Prize for this work in 1978 [9].

CoQ 10 (30 mg/day) has been used as a medicine for mild heart failure in
Japan since 1974. In some other countries, including the U.S., the usage
of CoQ IO as a health supplement has become popular since the 1990s.
Additionally, clinical trials of high-dose CoQ IO for various diseases,
including Parkinson's [10], Huntington's [11], and Alzheimer's [12] dis
eases, have been reported. CoQ 10 is clinically safe [13,14], and few side
effects have been reported during long-term trials, even at high doses such
as 1,200 mg/day, in humans [10,11]. Chronic oral administration ofCoQ IO

1,200 mg/kg/day for 52 weeks in rats was also shown to have no adverse
effects [15].

Human beings endogenously synthesize CoQ10" Therefore, CoQ 10 is not a
vitamin, since by definition vitamins are not biosynthesized in the human
body. Its functions in the body, however, are as important as those of
vitamins. For example, it plays a key role in ATP synthesis, that is, biolog
ical energy production, in mitochondria. COQIO' which is hydrophobic,
exists not only in the cell membrane and mitochondria, but also in cytosol.
It also has an important antioxidative effect, in combination with hydro
phobic tocopherols, vitamin E, and hydrophilic ascorbic acid, vitamin C,
throughout the body.

The CoQ IO content in organs including skin decreases with aging [16], with
exercise [17], with various diseases [10-12], and during statin therapy [18].
The CoQ IO content in foods, such as vegetables, cereals, meats, and fishes,
is not large, and therefore, CoQ IO intake as a supplement is recommended.
The targets of CoQ IO supplementation are: (l) improvement of cardiac
function [19,20], (2) improvement of aerobic exercise ability [21-25] and
muscle protection [26,27], (3) preventing the decrease of CoQ IO owing to
statin therapy for hypercholesterolemia [18,28], and (4) antiaging and
protective effects in various organs, including skin [29-36], the subject of
this book.

Several reports have described antiaging effects of CoQ IO in skin [32-35],
but the mechanisms have not been elucidated, except the broad concept of
"antioxidative and energizing effects." Although topical application ofCoQIO

may have an antioxidative effect in corneocytes, at the surface of the
skin [32], it is not clear whether CoQ IO is transferred into deeper regions
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of the skin after epicutaneous application. Furthermore, the mechanisms
of antiaging effects, especially in skin, remain to be established.

10.2 Skin Aging

Skin aging can be subdivided into intrinsic aging and photoaging [37-39]. It
is well known that photoaging of areas such as the face or neck skin results
in various clinical aging features, including wrinkles. In aging skin, the
epidermal-dermal junction becomes flattened [40]. Photoaging also shows
features such as cellular atypia, loss of polarity, and a decrease in type I
collagen. Furthermore, in sun-exposed skin, disruption and duplication of
the lamina densa in the basement membrane were reported [37,41,42]. It is
well known that ultraviolet radiation exposure causes premature aging.
Tobacco smoking is also an important factor contributing to premature aging
of human skin [43-45]. Oxidative stresses inside and outside ofthe body can
cause damage in tissues such as cells, matrices, and basement membranes.

The basement membrane at the dermal-epidermal junction is mainly
composed of type IV and VII collagens; severallaminins such as laminin 5,
6, and 10; nidogen; and perlecan [40,46-48]. Laminin 5 and type VII
collagen are essential for epidermal attachment [40,49-51]. Keratinocytes
produce the basement membrane components, except for nidogen [40,52].
Dermal fibroblasts also synthesize the basement membrane components,
except for laminin 5 [40,53].

Damage to the basement membranes may result in features of skin aging,
such as wrinkle formation. Therefore, inhibition of matrix metalloprotei
nases (MMP), which degrades the basement membrane components, may
reduce wrinkle formation [40]. Laminin 5 appears to be one of the most
important factors for wrinkle formation, because Nishiyama et al. showed
that laminin 5 initiates hemidesmosome formation, provides stable attach
ment of the epidermis to the dermis, and also accelerates the assembly of
basement membrane and enhances the recovery of damaged skin [54].
Tsunenaga et al. reported that laminin 5 accelerates lamina densa forma
tion along the dermal-epidermal junction [55]. Amano et al. demonstrated
that the balance between extracellular matrix synthesis and degradation in
the basement membrane is important for its formation [56]. In addition,
Takada et al. reported that gelatinase is consistently upregulated by sun
light exposure in daily life and may be an etiological factor in photoaging,
including wrinkle formation [57].
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10.3 Contribution to Beauty from Within
(Benefits for Wrinkles)
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We first studied the effects of orally administered CoQ IOon wrinkles in
humans. To confirm that there is an increase of CoQ\O content in skin after
oral administration, we developed a simultaneous quantification system
for CoQ 9 and COQIO' and investigated the absorption and distribution to
skin of orally administered CoQIO" Then, in order to elucidate the mecha
nisms through which CoQ\O reduces wrinkle formation, we examined
the effects of CoQ IOon (I) the proliferation of dermal fibroblasts, which
produce type I collagen, (2) the antioxidative capacity of epidermal kera
tinocytes, and (3) the production of laminin 5, and type IV and type VII
collagen, which are basement membrane components, in skin cells. These
results were presented in the 4th and 5th Conferences of the International
CoQ 10 Association [36,58]. The whitening effects of CoQ IOare also under
investigation.

Data are presented as mean ± SD. The statistical significance of differ
ences was determined by using ANOVA, Fisher's protected least signifi
cant difference (Fisher's PLSD), and the Scheffe, Dunnett, and Wilcoxon
tests as appropriate. Analyses were performed with StatView software
(version 5). The criterion of statistical significance was set at P < 0.05.

Hoppe et al. reported that topical application of 0.3% CoQ 10 for 6 months
reduced the depth of wrinkles in aged human skin [32]. Passi et al. showed
that the combined use of oral (50 mg/day) and topical (0.05%) CoQ 10 for
60 days reduced the wrinkle depth [33]. Furthermore, we have already
shown that oral supplementation alone of CoQ 10 60 mg/day for at least
2 weeks in humans (N =8, female, 43 ± 3 years old) reduced the wrinkle
area rate and wrinkle volume per unit area in the corner of the eyes [34].

Figure I0.2(a) shows the effect of dietary CoQ 10 on wrinkle area rate. After
2 weeks, the wrinkle area rate was significantly decreased. The improve
ment rate, in other words, reduction rate of wrinkles, was 33% compared
with the pre-administration value, and remained at this level for 3 months.
Even after 3 months, the wrinkle area rate was still significantly decreased.
Figure I0.2(b) shows the effect of dietary CoQ 10 on wrinkle volume. After
2 weeks, the wrinkle volume was also significantly decreased. The
improvement rate was 38% compared with the pre-administration value.
After 3 months, the wrinkle volume was still reduced, although without
statistical significance. These results [32-34] suggest that CoQ\O is an
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Figure 10.2 Inhibitory effects of nutritional Co01O (60 mg/day) on
wrinkles at the corner of the eye in humans. (a) Wrinkle area rate,
(b) wrinkle volume. Mean ± SO, N = 8 (female; 43 ± 3 years old).
Wilcoxon-Dunnett test *P < 0.05.

effective nutritional supplement for the realization of "beauty from within,"
especially for wrinkles.

10.4 Mechanisms of Action

10.4.1 Determination of CoQ10

Quantitative determination of CoQ9 and CoQ 10 (in the range of
15.6-2,000 ng/ml each) was done with a high-performance liquid
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Figure 10.3 High-performance liquid chromatography (HPLC) with
electrochemical detector (ECD) for CoQ/CoQH2 quantification [58,59].

chromatography (HPLC)-electrochemical detector (ECD) system, as
shown in Fig. 10.3 (NANOSPACE SI-2, Shiseido, Tokyo, Japan), based on
the method ofYamashita and Yamamoto [59]. We adopted ECD (instead of
a UV detector) and an on-line column-switching method with a concen
trating column to increase the sensitivity. Additionally, the special elec
trode structure in the reduction column makes the nonaqueous reversed
phase compatible with the aqueous phase. The peaks of COQ4' COQ6'
COQ9' CoQ 10' tocopherols, lycopene, and beta-carotene were well sepa
rated. We can determine CoQ9 and CoQ IO simultaneously, as well as the
quantities of the reduced form and the oxidized form of COQIO. In this
study, however, we measured total COQIO.

10.4.2 Absorption and Distribution to Skin

Many reports have indicated that oral CoQ IO administration increases the
COQIO concentration in serum and organs, such as liver, heart, and
brain [60-64]. The concentration in skin, however, had not been examined.
In Fig. 10.4, we show that oral administration of CoQ 10 increases the CoQ 10
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Figure 10.4 Oral administration of CoQ lO increases the CoQ lO

concentration in (a) serum and (b) epidermis in mice. CoQ lO (0, 1, and
100 mg/kg) was administered orally for 2 weeks. Mean ± SD, N = 6-7,
ANOVA and Fisher's PLSD **P < 0.01, ***P < 0.001.

concentration in serum and epidermis, using the HPLC-ECD system
described above [58,65].

The epidermis consists almost totally of keratinocytes, which move
progressively from the epidermal basement membrane toward the skin
surface, forming four well-defined layers during the transition. These are
the stratum basale, stratum spinosum, stratum granulosum, and stratum
corneum [66]. CoQ IO supplementation may increase the content of CoQ 10

in the keratinocytes of the stratum basale, and differentiation and migration
of these keratinocytes toward the skin surface may account for the increase
of epidermal CoQ IO following oral CoQ IO supplementation. Therefore, oral



10: INHIBITORY EFFECTS OF COENZYME QIO' ASHIDA 207

application of CoQ 10 may be useful to prevent the decrease of CoQ 10 in the
inner skin with aging.

Passi et al. reported that simultaneous oral and topical application ofCoQ1o
increased the CoQ 10 levels in both sebum and stratum corneum, but that
topical application alone only increased the level in the sebum, not that in
the stratum corneum [33]. These findings also indicate that oral CoQ 10

supplementation would be effective for improving skin condition.

10.4.3 Antioxidant Effects in Skin

It is well known that CoQ 10 has antioxidative effects, but this has not been
demonstrated in skin cells. Therefore, we examined the antioxidant effects
of CoQ 10 in epidermal keratinocytes [36]. As shown in Fig. 10.5, we con
firmed that CoQ 10 significantly prevented 2,2'-azobis-(2-amidinopropane)
dihydrochloride (APPH)-induced injury to epidermal keratinocytes. CoQ 10

also prevented cell damage induced by other oxidants, such as hydro
peroxide and tert-butyl hydroperoxide, in epidermal keratinocytes (data not
shown). The oxidative protein ratio in corneocytes was slightly decreased
in humans who took CoQ 10 60 mg/day for 3 months (Fig. 10.6). A higher
level of supplementation may be needed to produce a significant decrease
of protein oxidation in corneocytes, the most external organ in the body.

D CoQ lOH
- - - - - - - - - -- - - - - - - - - - - - --
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Figure 10.5 CoQ lO (25 /lM) protects epidermal keratinocytes from
AAPH-induced cell damage. AAPH: 2,2'-azobis-(2-amidinopropane)
dihydrochloride. Mean ± SD, N = 3, Scheffe test *P < 0.05, **P < 0.001.
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Figure 10.6 Effect of CoQ lO supplementation (60 mg/day) on oxidative
protein content of human corneocytes. After 3 months, the P value
is 0.077 compared with pre-supplementation (before). Student's paired
t-test. Mean ± SD, N = 20.

10.4.4 Energizing Effects in Skin

The energizing effects of CoQ IO in skin cells were also examined [36].
CoQ 10 dose-dependently accelerated the proliferation of human dermal
fibroblasts in vitro (Fig. 10.7). Furthermore, it augmented the production
of laminin 5 and type IV and type VII collagen, which are basement
membrane constituents anchoring the epidermis and dermis (Figs. 10.8
and 10.9). The contents of laminin 5, type IV, and type VII collagen were
determined with ELISA [53,67]. As described in the introduction, damage
to the basement membrane is one of the causes of wrinkle formation. These
results suggest that CoQ 10 supplementation is involved in energizing skin
cells and improving the synthesis of basement membrane constituents,
which may result in the improvement of wrinkles induced by photoaging.

10.5 Current and Future Studies

Hoppe et al. showed that CoQ 10 inhibits collagenase activity. MMPs are
also important factors involved in wrinkle formation. Further investigation
of the effects of CoQ 10 on MMPs is needed.
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Figure 10.7 CoQ1Oaccelerates cell proliferation significantly in human
dermal fibroblasts in vitro [32]. Mean ± SD, N =6, Scheffe test *P < 0.05.
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Figure 10.8 CoQ1O increases production of laminin 5, one of the major
components of basement membrane, in human epidermal keratinocytes
in vitro [32]. Mean ± SD, N =6, Scheffe test *P < 0.001.

Whitening effects of CoQ IO are also expected as a result of its antioxidative
ability. We confirmed that CoQ 10 does not inhibit tyrosinase activity, but it
significantly inhibited the auto-oxidation of 3,4-dihydroxy-L-phenylalanine
(L-DOPA), a precursor ofmelanin, and consequent pigmentation (Fig. 10.10).
Oral supplementation of CoQIO over the long term may significantly reduce
pigmentation levels in vivo (data not shown; submitted for publication).
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10.6 Conclusion
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CoQ 10 is considered to be an effective nutritional supplement that amelio
rates skin aging, especially wrinkles. The content of endogenously synthe
sized CoQ 10 in skin decreases with aging. Oral administration of CoQ 10

increases the epidermal CoQ 10 level, and this is considered to have ener
gizing and antioxidative actions in skin cells. Mechanisms of the antiaging
effects in skin are (1) promotion of fibroblast proliferation, (2) induction
of increased production of basement membrane constituents, and (3) inhi
bition of cell damage and pigment-generating auto-oxidation through its
antioxidative ability.

In conclusion, oral supplementation of CoQ 10 is expected to be effective
for "beauty from within," through its antioxidant and energizing effects in
skin.
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11.1 Introduction

The desire to look beautiful can be dated back to medieval times when
women consumed arsenic and applied bat's blood in an attempt to improve
their complexion. Attractive features have been repeatedly selected during
evolution in the plant and animal kingdoms. Although Darwin was the first
scholar to study human beauty standards from a biological standpoint in
the 1800s, it was not until a century later that the cross-cultural beauty
standards were validated [1]. Since then the cosmetic business has devel
oped into a $280-billion global industry and has been projected to reach
$313 billion by 2011 [2,3]. We now use sophisticated terms such as phyto
cosmetics, cosmeceuticals, dermaceuticals, and skinceuticals to describe
beauty products whose purpose of usage are not at all unlike those utilized
in ancient times. In modern society looking good is not only desirable but
oftentimes necessary. The pursuit of physical beauty is no longer just for
women; the men's grooming business has become the fastest growing seg
ment in the beauty industry. Therefore, physical beauty is more than skin
deep because beauty is intimately linked to healthy and radiant skin, which
is an external reflection of one's overall inner health status.

Skin is the largest organ that is under constant assault by environmental
oxidative stress including ultraviolet radiation (UVR), air pollutants, and
chemical oxidants [4]. Thus, skin aging is an inevitable normal process.
However, premature skin aging may occur due to factors such as external
oxidative stress as well as smoking, imbalanced nutrition, excessive dieting,
and mental stress [5]. In vitro and in vivo studies suggest that antioxidants
regulate the biomarkers associated with premature aging by reducing
oxidative stress including environmental stress such as ozone and cigarette
smoking [5]. A double-blinded, placebo-controlled clinical study showed
that oral and topical natural antioxidant treatments protect against the
development of premature skin aging due to oxidative damage [6]. There
fore, natural fruits and vegetables rich in antioxidants may protect skin
against premature aging. This chapter will focus on the beneficial effects
of antioxidant-rich berries on skin health.

11.2 Oxidative Stress and Skin Aging

11.2.1 Free Radicals and Oxidative Stress

The free radical theory of aging, proposed by Dr. Harman, states that the
reaction of active free radicals with cellular components initiates the
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changes observed in the aging process [7]. Reactive oxygen species (ROS)
is one of the major types of free radicals. ROS is generated during normal
aerobic metabolism [8]. Approximately 2-5% of the oxygen consumed by
a cell is subsequently reduced to free radicals [9]. ROS production is
normally neutralized by cellular antioxidant defense systems so as to
maintain an equilibrium between the production and elimination of free
radicals [10]. The endogenous antioxidant defense consists of enzymes
such as superoxide dismutase, glutathione synthase, and catalase, as well
as oxidant scavengers including glutathione (GSH) and uric acid. However,
this defense mechanism is not entirely oxidant-proof. In fact, about 1% of
the ROS elude the control of endogenous antioxidant defense systems
daily, thus tipping the balance in favor of ROS accumulation [II]. This
limitation is further exacerbated by the decline of endogenous antioxidant
defense during aging. The end result, then, is an imbalance in cellular redox
homeostasis, which leads to cellular oxidative damage in macromolecules
such as DNA, lipids, and proteins [12]. The gradual accumulation of cellular
oxidative damage results in oxidative stress. A myriad of investigations
also suggest that oxidative stress may induce the expression of proinflam
matory cytokines, which, in tum, may elevate the cellular levels ofROS [13].
This vicious cycle results in the progressive accrual of oxidative stress and
inflammation during chronological skin aging [14]. Therefore, oxidative
stress and inflammation appear to be a function of age. Although the aging
process cannot be reversed as yet, it is possible to delay its onset by com
bating the accumulation of ROS and inflammation through exogenous
sources of antioxidants, which can be obtained from fruits, vegetables, and
dietary supplements [15-17].

11.2.2 Skin Aging and Skin Antioxidant Status

Normal skin aging is characterized by thinning of the epidermis, resulting
in fine wrinkles, roughness, dry and thin appearance, hyperpigmentation,
and seborrhoeic keratoses [5,18]. Although the underlying mechanisms
for chronological skin aging remain incompletely understood, several
causes including intrinsic factors such as genetic and epigenetic variations
and diminished epidermal turnover, as well as extrinsic factors such as
UVR, photo-oxidative stress, and ROS-induced collagen degradation and
chronic inflammation have been proposed [14,18]. Accordingly, increased
exposure to harsh environmental factors as well as reduced overall antioxi
dant status may accelerate the chronological skin aging process, leading to
premature skin aging.
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Because the skin is inevitably exposed to environmental oxidative stress,
an adaptive enzymatic and nonenzymatic antioxidant defense network has
been developed by the skin. The enzymatic defense includes superoxide
dismutase, catalase, and glutathione synthase. Superoxide dismutase con
verts superoxide anion to hydrogen peroxide, which is further detoxified to
water by catalase and glutathione synthase [19]. Nonenzymatic endoge
nous antioxidants in cutaneous cells consist of a-tocopherol (vitamin E),
~-carotene (precursor of vitamin A), ascorbic acid (vitamin C), ubiquinon
(coenzyme Q10), and glutathione. The lipophilic antioxidants a-tocopherol
and ~-carotene are found in the cell membranes and serve to protect against
lipid peroxidation [20]. This defense system is crucial for normal cellular
functions because lipid peroxides and their metabolites such as malonal
dehyde and 4-hydroxy-2-nonenal may directly or indirectly induce detri
mental consequences by evoking immune and inflammatory response,
altering gene expression, and inducing apoptosis [20]. Because lipophilic
a-tocopherol and hydrophilic ascorbate antioxidants cannot be synthe
sized de novo by humans, topical application or systemic administration of
these and other antioxidants may be essential to replenish skin with anti
oxidants that are depleted by environmental assaults or by age-related
increase in oxidative stress.

11.3 Cosmeceuticals, Antioxidants, and Skin Health

11.3.1 Cosmeceuticals

The term cosmeceutical was first coined by dermatologist Dr. Kligman to
describe a product category between cosmetics and pharmaceuticals
[21,22]. It is defined as a product that combines common cosmetic prepa
rations with functional nutraceutical ingredients [23]. Although not yet
recognized by the U.S. Food and Drug Administration, the term cosmeceu
tical has been used in the beauty industry for products containing natural
ingredients and claiming health or physical improvement benefits beyond
aesthetics [23,24]. Cosmeceuticals initially described cosmetic products
that enhance beauty from the outside such as topical creams, lotions, and
ointments. Today, the term cosmeceutical is extended to encompass a
variety of drinks or dietary supplements known as skin nutraceuticals or
nutricosmetics that provide additional health functions and benefits to
enhance beauty from the inside [25].

The pursuit of physical beauty and overall well-being has boosted the
demand for cosmeceuticals. In fact, cosmeceuticals have become the
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fastest growing sector of the natural personal care industry, commanding
worldwide annual sales surpassing $14 billion [23]. The U.S. cosmeceuti
cal category is a healthy $4.3 billion business, with a projected annual
growth of approximately 8% [24]. Antioxidant ingredients are the largest
segment of the cosmeceutical ingredient market. In 2000, antioxidants
accounted for about 40% of the total cosmeceutical ingredient sales in
the U.S. It is projected that antioxidants will continue to dominate the
cosmeceutical market, with an annual growth rate of7.3% [24].

11.3.2 Cosmeceutical Antioxidants

The use of antioxidants for skin care was well documented during the
Renaissance by Paracelsus, who famously noted that "the dose makes the
poison" and was often considered to be the father of toxicology [26]. He
reportedly showed the beneficial effects of treating skin wrinkles with red
wine vinegar, which, as we now know, contains grape polyphenolic anti
oxidants [21,27,28]. Currently antioxidants are widely incorporated into a
variety of antiaging skin care systems [29]. The commonly used cosmeceu
tical antioxidant ingredients include vitamins A, B, C, and E; CoQ I 0 and
its analogues; and plant polyphenols such as tannins and flavonoids.

11.3.3 Fruit Antioxidants and Skin Health

11.3.3.1 Selected Berry Antioxidants and Health Benefits

Anthocyanins are a subcategory of the flavonoid class that are water-soluble
pigments present in all higher plants that give flowers and fruits their bright
red, purple, or blue color. Anthocyanins have received a great deal of atten
tion in recent years because of their antioxidant, anti-inflammatory, and
antimutagenic effects [15]. There is a significant correlation between
anthocyanin content and antioxidant capacity. Berry fruits are generally
rich in anthocyanins. Consequently, berries are high in antioxidant capac
ity, which can be measured by the oxygen radical absorbance capacity
(ORAC) assay [30-32].

Wild blueberries, one of the most popular Vaccinium species (spp.), have
been shown to be among the foods that have the highest anthocyanin
concentrations and ORAC values [33,34]. Numerous publications have
indicated that blueberry anthocyanins exhibit a wide range of antiaging
properties, such as reducing age-enhanced vulnerability to oxidative



222 PROTECT YOUR SKIN WITH NATURAL ANTIOXIDANTS

stress and inflammation, lowering the risk of developing age-related
degenerative diseases, and improving overall brain function [15]. Other
Vaccinium spp., such as bilberries and cranberries, are also enriched
with anthocyanins and are capable of decreasing oxidative stress and
inflammation [33,35-38].

The antioxidant effect of elderberry (Sambucus spp.) anthocyanins on
endothelial cells was evaluated by challenging the cells with oxidative
stressors such as hydrogen peroxide, azobis(2-amidinopropane) dihydro
chloride, and iron sulfate. Endothelial cells preloaded with elderberry
extract were significantly protected against insults of the oxidative
stressors [39]. Elderberry extract at a low concentration was found to give
a considerable amount of antioxidant protection against both copper-induced
low-density lipoprotein oxidation and peroxyl radical attack [40]. Therefore,
elderberry extract could contribute significantly to the antioxidant capacity
of plasma [40].

The Rosaceae family berries, such as strawberries and raspberries, are also
high in antioxidant capacity. Ellagic acid is the predominant phenolic anti
oxidant found in strawberries (Fraga ria spp.). It has been estimated that
ellagic acid accounts for approximately 51% of the total phenolic com
pounds in strawberries [41]. A comparative study was conducted to deter
mine the total antioxidant capacity of 12 fruits, and strawberries were
found to rank the highest in ORAC value among the other nonberry
fruits [42]. A clinical study showed that consumption of strawberries
increased the serum antioxidant capacity in elderly women [43]. Individual
constituents of strawberries appear to afford protective potential against
cancer and cardiovascular disease while enhancing mental health and
boosting the immune system [44]. Raspberry (Rubus spp.) seeds, the by
product of juice manufacturing, contain a significant amount of phenolic
antioxidants and omega-3 unsaturated fatty acids [45]. Omega-3 fatty
acids are themselves high in antioxidant capacity [46]. The health benefits
of omega-3 fatty acids include antiatherosclerosis, cardioprotection, anticar
cinogenesis, antioxidative defense, anti-inflammation, autoimmune disease
prevention, and mental health enhancement [47-51].

11.3.3.2 Evidence-Based Approach to Evaluating the
Benefits of a Novel Berry Formulation

Because individual berries confer different health benefits, an innovative
formulation combining different berry extracts at specific proportions was
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systematically researched and developed for its health-promoting effects.
The comparative antioxidant efficacy was determined for extracts from the
fruits of wild blueberries, wild bilberries, cranberries, elderberries, and straw
berries, as well as extracts from seeds of raspberries. A total of 20 different
combinations comprising varying amounts of each of the extracts from these
six berries were evaluated by the ORAC assay [52]. The blend with the high
est ORAC value was selected for further analysis. The cytotoxicity of this
formulation was assessed by the lactate dehydrogenase assay using human
epidermal keratinocyte (HaCaT) cells to ensure the formulation was not toxic
to the cells. Keratinocytes are the major cell type of the epidermis, compris
ing up to 90% of the skin cells. The lactate dehydrogenase assay indicated
that the formulation was not cytotoxic to epidermal cell viability as compared
to control and each of the six berry extracts [52].

The safety and efficacy properties of this formulation, known as OptiBerry,
were further investigated using standard toxicology and whole-body
antioxidant status procedures [53]. The results indicated that acute oral
LD50 of OptiBerry was greater than 5 g/kg body weight whereas acute
dermal LD50 was greater than 2 g/kg body weight in rats [53]. The antioxi
dant potential of OptiBerry was evaluated in vitamin E-deficient rats by
determining glutathione (GSH) oxidation after exposure to clinically rel
evant hyperbaric oxygen (HBO) at 2 atmospheric pressure (atm) for
2 hours. Rats fed an OptiBerry-supplemented diet for 8 weeks were sig
nificantly protected against HBO-induced GSH oxidation in the lung and
liver as compared to placebo-fed rats. The antioxidant property of
OptiBerry was further confirmed by a state-of-the-art electron paramag
netic resonance (EPR) technology, which is an imaging system used to
examine the whole-body redox status. Vitamin E-deficient mice were
subjected to HBO treatment at 2 atm for 2 hours. Mice were then anaes
thetized, injected with carbamoyl-PROXYL (nitrosyl radical) solution,
and placed into quartz tubes. Antioxidants reduce nitrosyl radicals to
hydroxamine, thereby accelerating the EPR signal decay of nitrosyl radi
cals. To determine the reduction of nitrosyl radicals in vivo, EPR spectra
were immediately recorded on the body of the test compound-injected
mice at 4-min intervals and a total of 16 projections were taken for each
time point. The projections for each interval were deconvoluted to recon
struct images of two-dimension redox status [53]. Mice fed an OptiBerry
supplemented diet for 2 weeks exhibited significant protection against
HBO-induced oxidative stress as revealed by the rapid decay of EPR
signal intensity [53]. Therefore, the data suggest that OptiBerry is safe and
may provide whole-body antioxidant protection.
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Angiogenesis is a process involving the generation of new blood vessels
from pre-existing vessels in areas of low blood supply [54]. It is a hallmark
in tumor growth and cancer metastases. The skin vasculature remains
quiescent under normal conditions. However, under external insults such
as UVR and heat, skin inflammation, and cancer, as well as during wound
healing and hair growth, the skin cells are capable of initiating rapid angio
genesis. The epidermis-derived vascular endothelial growth factor (VEGF)
is a potent angiogenic factor. Its expression can be altered by a variety of
physiological and pathological conditions of the skin [54]. It has been
shown that VEGF expression was stimulated by UVR in epidermal kerati
nocyte cell lines and in human skin [55,56]. Heat treatment at 43°C for
90 minutes in human volunteers has also been shown to induce an angio
genic switch through upregulation of VEGF protein expression with con
comitant increase in vascularization [57]. Therefore, skin angiogenesis is
associated with an array of acute external stimuli, which may lead to
vascular hyperpermeability, resulting in cutaneous inflammation and
progressive loss of skin vessels in aged skin [54].

The inhibitory effect of OptiBerry on angiogenesis was revealed by the
level of VEGF expression in HaCaT keratinocytes. In this experiment,
HaCaT cells were pretreated with or without Optiberry for 12 hours,
followed by treatment with H20 2 and tumor necrosis factor-alpha
(TNF-a, an inflammatory cytokine). OptiBerry pretreatment was found to
significantly inhibit the ROS- and inflammation-induced VEGF protein
expression [58,59]. In addition, the formation of endothelial tubes, an
indication of angiogenesis, was investigated using Matrigel assay. Human
microvascular endothelial cells cultured on Matrigel exhibit complex mor
phological behavior by reconstructing intricate spider weblike networks
resembling the vasculature systems. Treatment with OptiBerry inhibited
the construction of this network by reducing the formation of endothelial
tubes, corroborating the antiangiogenic property of OptiBerry [58,59].
Unexpectedly, grape seed proanthocyanidin did not elicit the antiangio
genic activity observed for OptiBerry, suggesting that antioxidant capacity
alone may not be sufficient to account for the antiangiogenic effect. There
fore, OptiBerry may exert its antiangiogenic property through other means
such as transcriptional activation/inhibition in conjunction with its antioxi
dant potential [58]. This theory was subsequently confirmed in the following
experiments.

Hemangiomas are the most common form of infant tumors, affecting
10-12% of normal newborns. Approximately 5% of hemangiomas cause
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serious tissue damage, and 1-2% of all hemangiomas are life-threatening.
Hemangiomas are localized tumors of blood vessels characterized by a
rapid proliferation of capillaries during the newborns' first year [60]. The
underlying causes for the endothelial cell growth in hemangiomas have
not been determined, although proliferating hemangiomas have been
shown to be highly angiogenesis-dependent [61,62]. Also, hemangiomas are
infiltrated by macrophages, which can initiate angiogenesis. The chemokine
monocyte chemoattractant protein-l (MCP-l) is responsible for recruiting
macrophages at the lesion sites, thus facilitating the growth of heman
giomas and vascular malformations [63,64]. Both VEGF and MCP-l were
found to be highly stimulated in proliferative hemangiomas [63,65]. In
fact, transgenic rabbits with increased hepatic expression of the human
VEGF transgene under the control of the human alpha-antitrypsin promoter
were shown to develop liver hemangiomas resembling the Kasabach
Merritt syndrome [66]. In this regard, hemangioma represents a powerful
model for the investigation of angiogenesis and for the identification of anti
angiogenic molecules, which arrest endothelial cell growth at a quiescent
state under physiological conditions.

Endothelioma cells (EOMA) are derived from the spontaneously arising
hemangio-endothelioma in the 129/J murine strain [671. EOMA cells
treated with OptiBerry for 12 hours were significantly protected against
TNF-a-induced MCP-l upregulation [67]. In order to evaluate the molecu
lar mechanisms underlying the observed inhibitory effects of OptiBerry on
the expression of MCP-l, EOMA cells were transfected with an MCP-l
controlled luciferase reporter construct. These transfected cells exhibited
high basal luciferase expression, indicating an elevated MCP-l transcrip
tion [68]. Pretreatment of the transfected cells with OptiBerry significantly
lowered the basal MCP-l-luciferase reporter expression, suggesting that
OptiBerry inhibited the basal transcription of MCP-l in EOMA cells.
Because MCP-l is under the control of transcription factor nuclear factor
kappa B (NF-KB), examination of whether OptiBerry affects the activation
of NF-KB should provide insight into the upstream events in the cascade
leading to the regulation of MCP-l. Consequently, EOMA cells were
transfected with NF-KB luciferase construct, pretreated with or without
OptiBerry for 24 hours, and then challenged with TNF-a for 6 hours to
induce inflammation. Transcriptional activation of NF-KB was assayed by
measuring the level of NF-KB--eontrolled luciferase activity. Transfected
cells not pretreated with OptiBerry showed a marked increase in the level
of NF-KB-luciferase activity; however, this increase was significantly
attenuated by pretreatment of OptiBerry [68]. The findings demonstrated
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for the first time that berry constituents regulated NF-KB activity in EOMA
cells.

Mice injected with EOMA cells develop clinically identifiable hemangiomas
resembling the Kasabach-Meritt syndrome within 3-4 weeks, whereas
tumor formation only takes days. Therefore, mice injected with EOMA
cells provide an in vivo model for the study of angiogenic events. To inves
tigate the in vivo effect of OptiBerry on angiogenesis, mice were injected
with EOMA cells with or without OptiBerry pretreatment. Mice (129P3/J)
were sacrificed one week post-injection to obtain tissues for histological
analyses. Although the OptiBerry treated group tested positive for the
presence of hemangiomas, the average mass of such tumor growth was
below 50% of those in the untreated control group. Immunohistological
analysis revealed a significant reduction in the infiltration of macrophages
in hemangioma of treated mice as compared to that of the controls [68]. It
appears that the beneficial action of OptiBerry on proliferating heman
giomas may, in part, result from reduced MCP-I expression and reduced
influx of angiogenic macrophages. OptiBerry may therefore represent a
potent agent against angiogenesis-induced skin aging.

11.4 Conclusion

The beauty industry has come a long way. The current trend for skin care
products is that they not only conceal superficial blemishes but also treat
the causes from within. At present the consensus on food is two-fold: it
provides essential nutrients to sustain life itself and supplies bioactive
agents to promote health and prevent diseases. A large body of evidence
has demonstrated the correlation between consumption of fresh fruits and
vegetables with delaying and/or preventing chronic degenerative diseases.
Fresh fruits and vegetables are enriched with a variety of diverse nutrients,
such as vitamins, antioxidants, trace minerals and micronutrients, phyto
sterols, phytoenzymes, dietary fiber, and potent chemoprotectants [69].
Epidemiological studies have consistently revealed the beneficial effects
of nutritional factors on the prevention of chronic diseases and the modu
lation of human skin conditions [70-72]. In recent years, functional foods
and nutraceuticals have gained noticeable popularity. Both oral and topi
cal supplements have become some of the most widely used alternative
therapies. Antioxidants make up a majority of the skin health ingredients
in the cosmeceutical market because oxidative stress is generally accepted
as a major contributing factor to skin aging. Consuming natural antioxidants
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provides a plethora of health benefits, including lowering age-related
oxidative stress and inflammation [15,73].

Anthocyanins are the common components of fruits and vegetables, particu
larly in berries, which provide the bright red, blue, and purple hues to the
plants. Anthocyanins are naturally occurring antioxidants. There is a direct
correlation between anthocyanin content and antioxidant capacity in berry
fruits [36]. In vitro and in vivo studies have shown that berry anthocyanins
possess potent antioxidant activity and many potential health benefits,
including cardiovascular protection, anticarcinogenic potential, antidiabetic
properties, brain function enhancement, ocular and vision health, urinary
tract health, and skin health [74]. Based on these health benefits, a formula
tion of a synergistic blend (OptiBerry) containing wild blueberry, bilberry,
cranberry, elderberry, strawberry, and raspberry seed extracts was devel
oped. Systematic and comprehensive studies have shown that OptiBerry
is safer and more potent than individual and all other combinations of
the berry extracts tested [58]. Furthermore, OptiBerry has been found
to be superior in bioavailability and antioxidative properties, providing
whole-body antioxidant protection [53,59].

It has been shown that the skin is capable of exiting the quiescent phase of
vasculature to rapidly initiate angiogenesis during external insults such as
UVR and thermal stimulus [54]. This surge of acute vessel development
incurs profound consequences to the general health of the aging skin
because these vessels may be leaky and less mature, which may lead to
vascular hyperpermeability and vessel leakage, resulting in skin inflam
mation and further degradation of the extracellular matrix [54]. Both
VEGF and MCP-l are markedly activated during angiogenesis. Several
in vitro and in vivo studies have shown that OptiBerry significantly reduced
the expression of VEGF and MCP-l in highly proliferative hemangioma,
an angiogenesis-dependent disease. The inhibitory effect of OptiBerry on
angiogenesis was attributable to the modulation of VEGF and MCP-l
through the activation of upstream transcription factor NF-KB [58,59,68].
This finding is of great importance because it demonstrates that, in addi
tion to its antioxidant activities, OptiBerry anthocyanin constituents may
serve as signal molecules to modulate gene expression. This observation is
consistent with the findings that flavonoids and their metabolites may
modulate various protein kinase signaling pathways [75].

Is beauty only skin deep? The answer is apparent. Although visible signs
of aging are readily reflected on the surface of the skin as the consequence
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of time and environmental insults, the fundamental causes may very well
be more than skin deep. To achieve overall well-being, antiaging treatment
should start from the inside to reduce oxidative stress and inflammation,
curtail degenerative diseases, and attenuate age-related decline in cognitive
and motor functions, which will then translate to the outside as a vibrant and
healthy appearance. In this regard, consuming foods rich in antioxidants and
other phytonutrients may help to promote beauty from within.
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12.1 Introduction: Origin and History of the Olive Tree

The olive tree has always been the symbol of the Mediterranean culture,
because people living around the Mediterranean Sea have grown and used
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its fruits and leaves in everyday life for a very long time. Fossil evidence
backs up the hypothesis that the olive tree originated in the Anatolian
region, from where the Phoenicians spread it throughout the Greek islands
and Greece. Here, the tree gained special relevance, as testified by a law
issued by Solon in the 6th century B.C. that made it illegal to cut down
more than two olive trees at a time. Indeed, the first large-scale cultivation
of the olive tree should probably be credited to the Greeks, who mastered
this art and elevated it to a science.

The olive tree was present in Greeks' everyday life, to the point of
becoming an object of dispute between Greek deities. According to ancient
mythology, when the Greeks were searching for a patron deity for a newly
built city in the land of Attica that then became Athens, there was a dispute
among Athena, goddess of wisdom, and Poseidon, god of the Sea, who
were both interested in the patronage. To solve the dispute, it was decided
that the new city would be entitled to the God who could offer the most
valuable gift to the citizens. Poseidon offered a well, but the water coming
out of it was salty and not very useful, whereas Athena struck her spear on
the ground, buried a branch of olive, and generated the olive tree. The
council of Gods determined that Athena was the winner, because the olive
tree could not only live hundreds of years, but could also provide edible
fruits and a precious oil, useful to season food and to heal wounds [1]. The
olive tree became a symbol of peace, prosperity, wisdom, and triumph.
The relevance of the olive tree was such that it was represented on ancient
coins, and the Goddess Athena was represented with an olive wreath on
her helmet and an amphorae containing olive oil.

The olive tree was also a symbol of peace for the Jews. In the Book of
Genesis, a white dove sent out of Noah's ark to search for land, returned
with an olive branch, indicating the end of God's anger, and becoming an
important symbol of peace. Olive oil holds also a special role in Christianity,
from the celebration of baptism to that of Palm Sunday.

12.2 Epidemiology

While the olive tree has been considered as a universal symbol of love
and peace, its fruits and the oil obtained from them hold an important
role in the Mediterranean diet. Epidemiological studies suggest that the
Mediterranean diet is protective against cancer and coronary heart disease
mortality [2] and cardiovascular disease in general [3]. Furthermore,
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Mediterranean countries, like Greece, Italy, and Spain, have a lower
mortality for colorectal and breast cancer compared to countries where
the consumption of olives and olive oil is low (England, Scotland,
Denmark) [4]. Recent studies also suggest a correlation between the intake
of olives and olive oil and skin wrinkling [5], as well as a link between
dietary nutrient intake and skin-aging appearance [6]. It is generally
accepted that skin, as the largest surface of the body and because of its
high lipidic content, is a major target of oxidative stress. A diet rich in
fruits and vegetables with olives and olive oil as the major source of fats is
considered an important protection against the main diseases associated
with oxidative stress. The antioxidant activity of various polyphenols pres
ent in plants is seemingly responsible for this protective activity.

Recent findings indicate that olive oil may have a greater role in disease
prevention than previously thought, and it is therefore important to iden
tify the components responsible for these health-promoting effects. Unsur
prisingly, olive oil has become a very active area of multidisciplinary
research [7].

12.3 The Constituents of Olives and Olive Oil

The biological properties of olive oil are related not only to its fatty acid
composition, but also to the presence of some minor polar components
endowed with strong antioxidant activity.Among them, phenolic compounds
are the most important class of olive antioxidants, and their distribution in
olive fruits, olive oil, and olive leaves has been thoroughly investigated. The
major phenolics of the olive tree are phenolic alcohols like hydroxytyrosol
and tyrosol, secoiridoids like oleuropein, and hydroxycinnamic acid deriva
tives like verbascoside and caffeic acid (Figs. 12.1-12.5).
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Figure 12.1 Structure of verbascoside.



236 PROTECT YOUR SKIN WITH NATURAL ANTIOXIDANTS

OH

HO~ 10, 0
HO~

H OH
H

o

O~OH

o ~
0'-.... OH

Figure 12.2 Structure of oleuropein.
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Figure 12.3 Structure of hydroxytyrosol.
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Figure 12.4 Structure of tyrosol.
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Figure 12.5 Structure of caffeic acid.

In order to better exploit the activity of these antioxidants, botanical
extracts have been developed from different parts of the olive tree: fruits,
leaves, and by-products of the production of oil, the pomace and the olive
mill waste waters. A complete and exhaustive comparison among the phe
nolic profiles of various Olea europaea foodstuff has been conducted at
Indena R&D laboratories applying UV analysis for the total phenolic con
tent and HPLC analysis [8].

As an example, the average contents of various polyphenols in fresh fruits
from an Italian cultivar is:

• hydroxytyrosol: 0.06-0.41 % (w/w by HPLC)
• tyrosol: 0.01-0.12% (w/w by HPLC)
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• oleuropein: traces-0.24% (w/w by HPLC)
• verbascoside: 0.02-0.32% (w/w by HPLC) [9]

Olives may be eaten fresh, but they have a very bitter taste, which requires
several months of brining and, alternatively, the treatment with strong
bases to remove bitterness and make them palatable. These relatively harsh
processes reduce the polyphenolic content of the original fresh fruits [10].

The pomace resulting from mechanical defattening of olives shows an aver
age polyphenolic profile almost equivalent to the polyphenolic profile of the
starting fruit, because only few polypheno1s originally present in the olive
are lost in water. Starting from a pomace, having the following profile:

• hydroxytyrosol: 0.12% (w/w by HPLC)
• tyrosol: 0.03% (w/w by HPLC)
• oleuropein: <0.01 % (w/w by HPLC)
• verbascoside: 0.35% (w/w by HPLC)
• caffeic acid: 0.01 % (w/w by HPLC)

The average content of the extract (Opextan(R)), obtained by optimizing a
specific process, is the following:

• hydroxytyrosol: 0.83% (w/w by HPLC)
• tyrosol: 0.28% (w/w by HPLC)
• oleuropein: 0.01% (w/w by HPLC)
• verbascoside: 3.85% (w/w by HPLC)
• caffeic acid: 0.04% (w/w by HPLC)

From a qualitative standpoint, we may observe that the polyphenolic pro
file is maintained. The total content of polyphenols detected by spectro
photometry is no lower than 10%.

The composition of the olive fruit is very complex and markedly depen
dent on factors like cultivar, cultivation practices, harvesting method,
geographical origin, and degree of maturation. Thus, during fruit devel
opment oleuropein is extensively degraded, and is almost undetectable
when the fruit is black; conversely, hydroxytyrosol, tyrosol [11], and
verbascoside increase [12].

12.4 Daily Consumption

Olive oil consumption is high in the Mediterranean countries, reaching
18 kg/year/person in Greece, 13 in Italy, and 11 in Spain [13]. These
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amounts correspond to a daily dose of olive oil ranging between 30 g/day
and 50 g/day. There is a certain consensus in defining the average polyphe
nol contents of olive oil as 300 mglkg. Under this assumption, the esti
mated consumption of olive oil polyphenols may be evaluated between
9 mg/day and IS mg/day.

In Italy and in other Mediterranean countries like Spain and Greece, it is
also very common to consume olives. In Italy, the average consumption of
table olives is about 8 g (two or three fruits) per day [14], corresponding to
a polyphenolic content of ca. 16 mg (assuming an average polyphenolic
content of 0.2% in edible fruits).

These figures are fully compatible with the intake corresponding to the
daily dosage of most olive extracts on the market. Thus, a daily dosage of
100 mg of Opextan" (olive fruit extract) would afford 10 mg polyphenols,
perfectly in line with the usual intake of Olea europaea products.

Dietary olive polyphenols are absorbed by humans in a dose-dependant
way [15], and are excreted in the urine as glucuronide conjugates. Simple
phenols like tyrosol and hydroxytyrosol are rather polar, and they are
excreted by the kidneys either as such or as their metabolites, with the
degree of glucuronidation increasing with the dose.

12.5 Antioxidant Activity (In Vitro)

Oxidative stress is one of the main causes for the onset of various degen
erative disorders. Lipid peroxidation is a well-known example of oxidative
damage in lipid-containing structures [16,17], and epidemiological studies
suggest that a high intake of antioxidants is protective in this context.

Olive polyphenols are free radical scavengers with a direct impact on skin
health, because they can prevent the oxidative damage involved in the for
mation of wrinkles and in skin hyperproliferation and dryness. In vitro
studies have been carried out under the assumption that the antioxidant
activity of the olive fruit extract, like its radical scavenging properties, is
responsible for the major part of the biological effect attributed to olive
polyphenols.

The stable radical DPPH 0,1 diphenyl-2 picrylhydrazyl) method has been
used to determine the antioxidant activity of the extract, and of its single
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polyphenolic constituents [18]. This method measures the hydrogen
donating capacity of a test material. The antioxidant capacity of purified
olive polyphenolics (verbascoside, hydroxytyrosol, caffeic acid) has been
compared with two references (ascorbic acid and oleuropein), qualifying
verbascoside as a very potent antioxidant, five-fold more active than
oleuropein (a polyphenolic iridoid typical of olive leaves).

Another very common test for in vitro antioxidant activity is based on
superoxide anion 0 2

- . This model mimics the in vivo situation, employing
a physiological oxidant. Thus, the harmful effect of skin exposure to UV
rays has been linked to the formation of reactive oxygen species (ROS),
including the superoxide radical.

12.6 Reduction of Oxidative Stress

12.6.1 Oral

In a biological system, whenever an imbalance occurs between the natural
production of ROS and the capacity to detoxify them or repair the damage
they induce, "oxidative stress" results. This condition can be harmful,
because it leads to the production of ROS that can cause extensive cellular
damage, affecting all cell components, including protein, lipids, and DNA.

Oxidative stress might underlay the onset of chronic degenerative diseases
like Parkinson's and Alzheimer's diseases and cancer. It has been linked to
cardiovascular disease, and it is certainly important in the aging process.
An increased lipid peroxidation is one of the results of oxidative stress and
has been correlated to the incidence of a host of diseases that affect the
cardiovascular system [7]. There are few suitable biomarkers for lipid per
oxidation and oxidative stress, but an increase in both plasma levels and
urinary excretion of F2 isoprostanes is believed to be directly related to
enhanced oxidative stress. F2 isoprostanes are a family of prostaglandin
like compounds formed in vivo by the free radical-catalyzed peroxidation
of arachidonic acid in a way independent from the action of cycloxygenase
enzymes [19]. Numerous studies have validated isoprostanes as accurate
markers of lipid peroxidation in vivo.

Epidemiological studies suggest that a high intake of dietary antioxidants
can reduce oxidative stress and the effect of an olive fruit extract on
isoprostane excretion has been studied in human volunteers [20], quantitating
the excretion of 8-isoprostane (8-iso-prostaglandin F2ex) (Fig. 12.6).
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Figure 12.6 Formation of the oxidative stress marker 8-isoprostane.

Figure 12.7 Decrease of the oxidative stress marker 8-isoprostane.

Nineteen healthy subjects received an olive fruit extract (Opextan") at a daily
dosage of 400 mg for 4 weeks. The excretion of 8-isoprostane was evaluated
in the urine before the beginning of the study and at the end of the 4-week
treatment. The oral administration of olive fruit extract significantly decreased
the formation of the oxidative stress marker 8-isoprostane (by 47%, mean
data, p < 0.05, Fig. 12.7). The administration of a polyphenolic olive fruit
extract can therefore be recommended in order to control the organism's oxi
dative stress. Although there is still no evidence that the beneficial impact of
antioxidants may have a favorable impact on maximal lifespan, current data
indicate that their biological activity on age-related degenerative diseases may
produce an improvement in lifespan and enhance quality of life.

12.6.2 Topical

Lipid peroxidation is a well-known example of oxidative damage in lipid
containing structures [17]. Unsaturated phospholipids, glycolipids, and
cholesterol present in cell membranes are all targets for oxidation. Lipid
peroxidation is a degenerative process that affects both the structure and
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the function of the target system, and that has been linked to a variety of
disorders [17].

The protective effect of the olive fruit extract (Opextan") against oxida
tive stress and lipid peroxidation has been assessed experimentally in
order to detect its biological activity when applied topically against oxi
dative damage. Thus, a formulation containing olive fruit extract was
applied topically and evaluated in a group of six healthy volunteers, who
were asked to wash their face and apply the formulation under investiga
tion and the placebo formulation on each half of their face. Three hours
later, they were irradiated with sunlight for about 20 minutes, and sebum
was sampled by Sebutape, extracted and measured by dosing lumines
cence, a direct measurement of lipid peroxidation, in 0.1 ug/rnl recov
ered sebum. The area treated with the olive fruit extract showed a 27.1 %
(statistically significant, p < 0.001 Dunnett's test) decrease of fluores
cence compared to the placebo [18].

Clinical data collected so far clearly demonstrates that the olive fruit
extract administered either orally or topically can effectively promote
healthy skin by reducing oxidative stress.

12.7 UV-Reduced Sensitization

The skin response to sun irradiation can be assessed by measuring the
erythemal dose, that is the lowest UV dose that causes enough superficial
vasodilatation to be visually perceived as redness. The lowest erythema
inducing UV dose is defined as MED (minimal erythemal dose), and can
be visually judged by trained evaluators.

In order to evaluate the effect of orally administered polyphenols from
olive (olive fruit extract) on skin sensitivity to UV irradiation, 13 male
subjects with high sensitivity to UV light were selected [20]. A dose of
160 mg/day of olive fruit extract (Opextan") was administered orally for
4 weeks. The subjects were then irradiated with increasing doses of ultra
violet light (UVA + UVB 0.45 mW/cm2

; from 0.054 Jzcrrr' to 0.135 Jzcrrr')
in the dorsal area, and MED was evaluated. The results showed an aver
aged 16.45% increase ofMED compared to before the treatment, confirm
ing the protective effect of olive polyphenols on skin sensitivity to UV
irradiation (Fig. 12.8).
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Figure 12.8 MED variation before and after the olive fruit extract
treatment.

Other investigations [21] indicate that daily topical use of super virgin
olive oil after sun bathing may delay and reduce UV-induced skin cancer
development in human skin, possibly by decreasing ROS-induced gene
mutations.

12.8 Conclusions

As the world population is growing older, age-related diseases, including
skin aging, are becoming major sources of concern. Skin aging may be
caused by internal and external causes, defining internal aging as the
natural physiological process, and external aging as a host of conditions
(sunlight, pollution, smoke, dietary habits) capable of mimicking the effect
of physiological aging. The aging effect of sun on skin can be verified very
simply, by comparing the visual appearance of body areas normally
exposed to sun (face, hands) with parts normally protected by clothes.
Furthermore, as we grow old, we become gradually sensitized to external
skin damage by the dwindling healing properties of our organism. For
this reason, research of antiaging products is currently hotly pursued at
genomic, pharmacological, and cosmetic levels.

Within antiaging strategies, dietary supplementation is getting growing
attention, going beyond the topical applications of active principles on the
aging skin, and rather focusing on the internal protection against free radi
cals and oxidative stress, a strategy that can be pursued with specific
biomarkers.
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Olive derivatives (fruits, olive oil, and olive leaves) are very rich in antioxi
dant compounds. Polyphenols like oleuropein (in the leaves), verbascoside
(in the fruit), and tyrosol and hydroxytyrosol (in all olive foodstuffs) may
exert an interesting antioxidant activity in various districts of the organism,
including the skin. Unsurprisingly, various extracts have been developed in
order to provide olive-based antioxidant products as dietary ingredients.

Over the past few years, the realization that food plants contain small
molecules (secondary metabolites, phytochemicals) that can affect our
health has fuelled intense research to identify bioactive dietary com
pounds that have the potential to complement macronutrient-based
(protein, lipid, carbohydrates) nutrition. Thus, dietary supplementation
has been recognized to play an important role in the prevention of the
onset of several pathologies, rationalizing some of the many epidemio
logical correlations between diet and health. Olive, the hallmark of
Mediterranean nutrition, fully qualifies as an interesting source of new
dietary supplements to increase health in general and, specifically, to
fight skin aging.
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Summary

PROTECT YOUR SKIN WITH NATURAL ANTIOXIDANTS

The skin is the body's largest organ and its first line of defense. It protects
against a variety of harmful pathogens and environmental factors such as
UV radiation, air pollution, and extreme temperatures. Every square inch
of skin contains approximately 20 blood vessels, 60,000 melanocytes
(which provide pigmentation and guard against UV radiation), 650 sweat
glands, and thousands of nerve endings. In order to preserve its effective
ness, the skin is sustained endogenously (protected from within) through
an oxidant-antioxidant balance. Oxidation reactions are crucial factors in
many metabolic processes; however, an excess of certain oxidants, classi
fied as reactive oxygen species (ROS), can cause cell death and oxidative
stress. Oxidative stress in tum induces cardiovascular disease, inflamma
tion, and cancer, in addition to extensive skin damage. Endogenous and
exogenous antioxidants, which inhibit oxidative stress, function to counter
these effects in the body.

Examples of endogenous, enzymatic antioxidants include: superoxide dis
mutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). SOD's
role in maintaining the oxidant-antioxidant balance in the body, thus pro
tecting the body against harmful free radicals, was first determined in
1968. Since then, numerous studies into the benefits of SOD's interactions
with the free radical superoxide anion (02- ) have been conducted. SOD is
essential in halting the proliferation of free radicals and in triggering the
further antioxidant activity of CAT and GPx. Excess free radical produc
tion can be triggered by a variety of external factors (Fig. 13.1), each of
which effectively disrupts the oxidant-antioxidant balance in the body.

SOURCES OF ROS

Exogenous Sources (ExternaO

Smoking

UV Radiation

Pollution

Carcinogens

Ozone

Endogenous Sources (InternaO

Inflammatory Mediators

Cytokines

Endothelial Cells

Respiration

Intense Exercise

Figure 13.1 Endogenous and exogenous generation of ROS and
antioxidant defense system.



13: ANTIOXIDANT ENZYME SYSTEM, POMAREDE & CHANDRAMOULI 247

These factors include: aging, exposure to UV radiation, smoking, high
intensity exercise, and pollution. Under such conditions, the body will
experience oxidative stress.

Nutritional supplements may be effective in increasing the production of
endogenous antioxidants. One compound, GliSODin®, has been shown to
promote bioactive SOD, CAT, and GPx levels via oral supplementation.
Studies have been performed on both humans and animals to demonstrate
GliSODin®'s role in the maintenance of antioxidant levels, protection
against inflammation, and overall skin health. In helping to preserve the
oxidant-antioxidant balance, GliSODin® protects the skin and body from
the ill effects of oxidative stress. Other supplements that provide the body
extra amounts of the building blocks it requires to make these natural anti
oxidants, such as manganese, zinc, copper, and selenium, may also be an
effective way to increase their presence in the body.

13.1 Introduction: Oxidative Stress

Oxidative stress is damage in a cell, tissue, or organ, caused by ROS. Free
radicals and peroxides are generated during metabolism and exist inher
ently in all aerobic organisms. They are generated through chemical
reactions involving both endogenous and exogenous molecules. Endoge
nous ROS production occurs as cells react with oxygen as part of cellular
metabolic processes such as energy generation from mitochondria and
detoxification reactions involving the liver cytochrome P-4S0 enzyme
system. The by-products of these processes include hydroxyIs, peroxides,
and other damaging free radicals. Other endogenous biological indicators
of oxidative stress are: lipid peroxidation, protein oxidation (glutamine
synthetase activity and protein carbonyl levels), oxidative DNA damage,
reduced mitochondrial function, and a decrease in levels of endogenous
antioxidants in the heart, liver, blood, lungs, brain, and muscles [I].

Examples of exogenous sources of ROS are: cigarette smoke, environmental
pollutants such as emission from automobiles and industries, ultraviolet
(UV) radiation, asbestos, excess alcohol consumption, and bacterial, fun
gal, or viral infections. Oxidative stress can result in lipid peroxidation,
which can lead to atherosclerosis (hardening of the arteries) and ultimately
cardiovascular disease, damaged or prematurely aged skin, and cancer.
Inflammation, which is the key manifestation of rheumatoid arthritis, met
abolic syndrome, and diabetes, as well as neurodegenerative diseases like
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Alzheimer's, may be accelerated by oxidative stress [2]. Also, oxidative
stress may cause tissue toxicity and accelerated aging, which is especially
evident in free radical damage to the skin. This process is similar to that of
a freshly cut apple turning brown due to exposure to air.

Many of the listed exogenous sources of excess ROS lead to extensive skin
damage. Smoking is one such example. In both the gaseous and tar phases
of smoke, organic radicals are produced that react with existing molecular
oxygen (02) to form dangerous free radicals such as hydrogen peroxide
(HP2)' superoxide anion (02-)' and various hydroxyls. Smoking also
increases the production of an enzyme that breaks down the protein col
lagen, which is what keeps skin elastic and supple. After the collagen mol
ecules are broken down, they link back up again in a different way. This
process is called cross-linking and causes the normally mobile collagen
matrix to become stiff and inflexible. Ten minutes of smoking decreases
the skin's 02 supply for nearly an hour, because nicotine narrows blood
vessels and prevents blood from circulating to the capillaries in the dermis.
Eventually, the skin starts to exhibit characteristics of accelerated aging,
such as premature wrinkles and sagging skin. Smokers are also 3.3% more
likely to develop skin cancer [3].

Strong sunlight is another exogenous factor that contributes to skin dam
age, because it generates free radicals in the skin. The surfaces of the
hands, face, neck, and arms are frequently exposed to light and are thus
most susceptible to the effects of photoaging. Photoaged skin is character
ized by laxity, deep wrinkles, uneven pigmentation, brown spots, and a
leathery appearance. In contrast, chronologically aged skin that has been
protected from the sun has reduced elasticity but is smooth and unblem
ished. Fisher et al. (1997) has shown that frequent exposure to UV irradia
tion leads to an increase in the levels of enzymes that degrade collagen and
contribute to photoaging [4]. Sunlight also activates messenger molecules
(cytokines), which create inflammatory products in skin cells. Addition
ally, skin cancer is more likely to develop in people with photoaged skin.

13.2 Role of Endogenous Antioxidants

An antioxidant is a substance that slows or prevents the oxidation of other
chemicals in the body. It may be acquired through dietary means or through
endogenous production. In order for its role to be completely understood,
however, the concept of oxidation must first be discussed. Oxidation
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Figure 13.2 Roles of SOD, catalase, and GPx in the inactivation of the
superoxide ion.

describes the process of stealing electrons from other atoms for stability.
These reactions often involve the production of highly unstable free radi
cals, which can initiate the formation of multiple destructive ROS. This
chain reaction begins with the reduction of O2, Antioxidants are efficient
and effective because they combine with O2- at the beginning of the free
radical pathway, neutralizing the cascade, and thus preventing damage
(Fig. 13.2). Antioxidants can be both nonenzymatic and enzymatic.
Nonenzymatic antioxidants include lipid-soluble vitamin E, co-enzyme
QlO, phosphatidylserine, and water-soluble vitamin C. Other nonenzy
matic antioxidants are beta-carotene, uric acid, and glutathione (GSH).
These antioxidants are exogenous and, once ingested, are consumed rap
idly or excreted. This occurs because a stoichiometric relationship exists
for most vitamins, carotenoids, and thiols.

For example, one vitamin C molecule may halt the progress of only one
ROS. Under conditions involving excess production of free radicals,
vitamin C must be rapidly consumed to replace lost supplies. Importantly,
if the body relies on vitamin C to fight ROS proliferation, vitamin C is no
longer available to perform its other crucial duties. These duties include:
the production of collagen, increased immunity, fat metabolism, bone
health, and the synthesis of certain neurotransmitters.

Endogenous enzymatic antioxidant supplies, on the other hand, are more
potent than nonenzymatic antioxidants and are depleted far less quickly.
Primary examples of these are SOD, CAT, and GPx (Fig. 13.3). When
young skin is exposed to both endogenous and exogenous sources of oxi
dative stress, there are sufficient levels of ATP (cellular energy) for DNA
repair and cell renewal. However, as the individual ages, levels of ATP and
endogenous antioxidants are depleted. Additionally, SOD, CAT, and GPx
are readily available to scavenge "rogue" ROS. However, supplies of ATP
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Figure 13.3 Compares the protective effects of the endogenous,
enzymatic antioxidants SOD, CAT, and GPx to antioxidants obtained
exogenously (i.e., food-sourced).

and endogenous antioxidants decrease with age and therefore supplemen
tation may be desired in order for the body to maintain ROS equilibrium.

13.2.1 Catalase

The enzymatic antioxidant catalase (CAT) is essential in promoting skin
health. It is inherent in most aerobic animal cells and is localized in the
liver and red blood cells. It uses iron as its trace metal cofactor and is com
posed of four subunits, each containing a heme group that is responsible
for CAT activity. Once SOD catalyzes the reduction of O2- to HP2' CAT
catalyzes the further reduction of potentially damaging HP2 to O2 and
Hp. Like SOD, CAT is an extremely efficient enzyme whose high recy
cling rate demonstrates its ability to detoxify HP2 and to prevent the
formation of carbon dioxide (C02) bubbles in blood. Good dietary sources
of CAT include: clover, lentils, mung beans, radishes, and sunflower seeds.

CAT plays a significant role in skin protection. Rhie et al. (2001) demon
strated the difference between the effects of acute and chronic UV radiation
on CAT levels [5]. For acute exposure, human skin samples from a sun
protected area of skin (buttocks) from 13 young Koreans were irradiated
with two times the UV radiation necessary to induce sunburn (minimum
erythematous dose, MED). Expression of CAT in the epidermis decreased
after 24 hours, and was 80% that of the control levels after 48 hours, before
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levels began to recover. Expression of the enzyme in dermal cells decreased
to 72% of control levels after 24 hours, before beginning to recover.

The effect of chronic UV radiation was evaluated using skin samples from
sun-exposed (forearm) and sun-protected (upper-inner arm) areas of
13 young (average age 22.8 years) and 8 elderly (average age 70.7 years)
Korean subjects. Epidermal CAT activity was greater than dermal CAT
activity by 194% and 450% in young and old skin, respectively. CAT activ
ity in the sun-exposed (forearm) epidermal cells exceeded that of the sun
protected (upper-inner arm) cells by 155% and 115% for old and young
skin, respectively. However, CAT activity was significantly lower in the
dermal cells of the older subjects, being 66% and 51 % that of the young
skin levels, respectively. These results demonstrated that CAT activity is
upregulated on chronic UV exposure during the photoaging period.

Furthermore, a study by Shin et al. (2005) reported that dermal fibroblasts
(cells responsible for the synthesis and maintenance of the extracellular
matrix) contained lower levels of CAT after photoaging, and subsequently
higher Hz02 levels than intrinsically aged skin in the same individuals
(12 young and 12 elderly Koreans) [6]. Treatment of these photoaged
fibroblasts with CAT reduced Hz02 levels. A reversal of aging-dependent
mitogen-activated protein kinase activities was also reported, coupled with
an inhibition of matrix-metalloproteinase (MMP)-l expression. This study
showed that induction and regulation of endogenous antioxidant enzymes
could prevent skin aging.

A study performed at the Webb-Waring Lung Institute investigated the
effects of CAT on skin bum patients [7]. Prior studies have indicated that
during the pathogenesis of lung injury following skin bum, production of
ROS such as 02- and H20 2 increases. Researchers at the Webb-Waring
Lung Institute also found that Hz02 activity and CAT activity are height
ened in adult respiratory distress syndrome patients. Thus, a study was
conducted to determine CAT activity in skin bum patients. It was found
that rats subjected to skin bum demonstrated increased levels of H20 2 and
CAT activity in the bloodstream.

In addition to its role as a biomarker in the progression of adult respiratory
distress syndrome and skin conditions, CAT is a proven defender of cell
health, specifically in its defense against the proliferation of malignant
carcinoma cells and nonmelanoma skin cancer. An in vitro study was
performed on mice to compare CAT levels in papillomas (benign skin
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tumors) with those in carcinomas (malignant skin tumors) [8]. Researchers
applied a carcinogen to normal mouse skin to induce a genetic mutation in
epidermal cells. A tumor promoter was then introduced to the cells in
which the mutation was activated, causing their proliferation. The prolif
eration of tumor cells resulted in the formation of benign papillomas. The
last step of the protocol involved the application of further genetic changes,
stimulating the papilloma cells to become malignant. It was found that the
malignant cells contained depleted CAT levels and elevated ROS, specifi
cally H202, levels. In such instances, H202functions as a secondary mes
senger that activates signal transduction pathways leading to the formation
of carcinomas. CAT's role in the prevention of malignant skin tumors is
critical, because nonmelanoma skin cancer (over 1 million cases diagnosed
every year) is the most common form of malignancy in the United States.

13.2.2 Glutathione Peroxidase

Glutathione peroxidase (GPx) is a tetrameric glycoprotein whose trace
metal cofactor is selenium, which promotes antioxidant activity. Selenium
plays a huge role in the function of GPx, particularly in the recycling of the
protein glutathione (GSH), and can be found in cereals, meat, fish, eggs,
and Brazil nuts. Localized in the liver and composed of cysteine, glutamic
acid (glutamine), and glycine, GSH is a crucial cofactor in the function of
GPx. It plays a role in many biological processes such as enzyme catalysis,
protein synthesis, membrane transport, receptor action, cell maturation,
and leukotriene synthesis. Using its powerful antioxidant capabilities,
GSH defends the cell, specifically the cell membrane and the mitochondria,
against harmful free radicals. In addition to its role as an antioxidant, GSH
also functions in immune response and in DNA repair and protection. Of
the many isozymes of GPx, which vary in cellular location and substrate
specificity, GPx 1 is the most abundant and is concentrated in the cyto
plasm of most mammalian cells. It uses GSH to reduce HP2 to 02 and
H20, and lipid peroxides to their respective alcohols.

GSH is a proven defender against the harmful effects of UVB radiation,
which has been linked to melanoma (skin cancer), the breakdown of col
lagen, and the reddening and burning of the skin. A study was performed
on the epidermis of hairless mice to assess the effects of GSH depletion on
sunburn cell formation [9]. One group of mice was treated orally with
a irreversible inhibitor called buthionine S, R-sulfoximine (BSO) that
depleted GSH levels by 10-15%. The other group was not treated with
BSO and maintained normal GSH levels. Both groups were then exposed
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to a moderate amount of UVB radiation. The members of the BSO-treated
group were found to contain a much higher sunburn cell count than those
of the control group. This study shows that endogenous GSH functions to
protect skin cells against moderate levels of UVB radiation.

A 2001 study reported similar findings that the potential of human dermal
fibroblast cells to protect against UVA-l exposure was highly dependent
on GSH [10]. Repetitive low-dose UVA irradiation of human dermal fibro
blast cells led to a substantial and synchronous upregulation of GPx and
SOD activity, and protected cells from a potentially toxic dose of UVA.
The study also showed that the increase was dependent on sufficient levels
of selenium, the metal cofactor of GPx. Interestingly, the increase in GPx
peaks around 12 hours after UVA irradiation to approximately 120% of
baseline levels, before decreasing to 80% of baseline.

A 2004 study by Wenk et al. [11] reported that GPx protected against ROS
hydroperoxide-induced breakdown of connective tissue in the skin. Human
fibroblast cell lines were exposed to UVA radiation. The cells were pro
grammed to overexpress phospholipid-hydroperoxide GPx (PHGPx). In
normal human fibroblasts, exposure to UVA led to a NF-KB-mediated
increase in interleukin 6 (IL-6) levels, which induced a 4.5-fold increase in
matrix metalloproteinase-l (MMP-I). MMP-I exhibits substrate specificity
for collagens type I and III and is the most important metalloproteinase for
the degradation of the extracellular matrix during photoaging. Importantly,
no change in MMP-l levels was recorded after UVA exposure for the cells
overexpressing PHGPx.

In further experiments, Wenk et al. treated PHGPx overexpressing cells
with phosphatidylcholine hydroperoxides, resulting in a 70% reduction in
IL-6 levels, compared to normal cells treated with phosphatidylcholine
hydroperoxides. This study was the first to report the effects of GPx on
MMP-I regulation [11].

Selenium, the metal cofactor of GPx, has also proven to be effective in
defending the skin against UVB radiation. Past studies have revealed that
the proliferation of ROS plays a significant role in UVB radiation-induced
cell death. A study was conducted to analyze the effects of selenium in the
protection of keratinocytes (main cell type in the epidermis, composing
90% of human epidermal cells) and melanocytes from UVB radiation in
human skin cells [12]. Cell cultures that were exposed directly to UVB
radiation, without prior selenium supplementation, experienced 80% cell
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death among keratinocytes. Cells that received selenium supplementation
before being exposed to DYB radiation experienced far less cell death
among keratinocytes. Similar results were observed for melanocytes in
both groups. The body contains an elaborate antioxidant defense system
that guards against the free radical damage caused by DYB radiation;
however, studies show that DYB exposure depletes SOD and catalase sup
plies, whereas GPx levels remain constant. As most selenium action is
exerted through cytosolic GPx (GPx-l), this demonstrates that GPx plays
a major role in protecting the skin against the carcinogenic effects of DYB
radiation.

Additionally, GPx-l is crucial in the prevention of oxidative stress. A
2003 study was conducted among 636 patients with suspected coronary
artery disease to assess the cardiovascular risks associated with GPx-l
activity in the red blood cells [13]. It was found that there is an inverse
relationship between levels of GPx-l activity and cardiovascular disease.
This study compared the number of cardiovascular injuries in patients to
its corresponding level of GPx-I activity, measured in hemoglobin units
per gram. Results showed that the rate of cardiovascular injury in patients
in the lowest quartile of GPx-1 activity (20.8%) was almost three times
that in patients in the highest quartile (7.0%).

13.2.3 Superoxide Dismutase

SOD is a class of oxido-reductase enzymes, each of which contains cop
per and zinc, or manganese at its active site. Collectively, they have the
fastest recycling rate of any known enzyme. Intracellular SOD-I uses
copper or zinc as its trace metal cofactor and is located in the cytosol of
the cell. SOD-2 uses manganese as a cofactor and is located in the mito
chondria and bronchial epithelium. Its expression is activated by both
endogenous and exogenous oxidants such as inflammatory cytokines,
hyperoxia (excess oxygen in the body tissues), and cigarette smoke.
Extracellular SOD-3 also uses copper or zinc as a cofactor and is located
in pulmonary fluids and the interstitial spaces in the lungs and is crucial
in protecting against vascular damage caused by ROS [14].

SOD, CAT, and GPx are the body's lead antioxidant defenses and operate
through a feedback mechanism. SOD catalyzes the reduction of the poten
tially harmful O2- to form HP2. Rising HP2 levels result in the gradual
inactivation of SOD. As discussed, CAT and GPx catalyze the reduction of
HP2 to O2 and water (HP); thus, SOD is conserved. In the same way,
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SOD's reduction of 02~ to form HP2 results in the conservation of CAT
and GPx [IS]. SOD can also inactivate certain enzymes that control levels
of free iron, which can lead to the formation of hydroxyl free radicals in
the body.

SOD has numerous health benefits, especially in relation to inflammation
and skin protection. SOD-3, for example, protects against oxidative frag
mentation of type I collagen in the skin. Immunochemical studies indi
cate that SOD-3 interacts with type I collagen in the extracellular matrix
of blood vessels and airspaces, thus preventing the breakdown of colla
gen due to oxidative stress [16]. In addition, by neutralizing O2- , SOD
inhibits the activation of latent collagenases by O2- , whose function is to
degrade collagen. Once collagen is broken down, the fragments activate
chemotactic agents for neutrophils, causing tissue damage and chronic
inflammation.

SOD functions by controlling the oxidative reactions that contribute to the
pathogenesis of inflammation. Examples of these reactions include: the
initiation of lipid peroxidation, the inhibition of mitochondrial respiratory
chain enzymes and sodium/potassium ATP-ase activity in the cell mem
brane, and the inactivation of membrane sodium channels. SOD also halts
the proinflammatory effects of O2- , which include: damage to the endothe
lial cells (causing increased microvascular permeability) and the promo
tion of chemotactic factors such as leukotriene B4 and the concentration of
neutrophils at inflammation sites.

Extensive clinical research into the effects of SOD on inflammation has
been conducted. SOD was first used clinically on the degenerative joint
condition osteoarthritis. Two early studies were performed confirming
SOD's effects on osteoarthritis patients. In both studies, patients were
injected with purified bovine SOD (Orgotein), and their progress was
charted for varying periods. Significant decreases in pain and subsequent
improvements in function, the use of aids, and the use of analgesics were
recorded. No adverse side effects were observed [17,18].

SOD also plays a major role in protecting against vascular inflamma
tion, which leads to atherosclerosis and cardiovascular disease. A study
was performed on mice lacking apolipoprotein E (responsible for the
catabolism of lipoproteins) to examine the effects of SOD-l and CAT
on atherosclerosis [19]. Because the mice were apolipoprotein E-deficient,
they developed a build-up of oxidized lipids in the arterial wall, which
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caused atherosclerosis. Both SOD-I and CAT were overexpressed in these
mice. It was found that the overexpression of SOD-I together with CAT
resulted in reduced levels of F2-isoprostanes (biomarkers of lipid peroxida
tion and oxidative stress) and the inhibition of atherosclerosis. This study
shows that SOD contributes to overall vascular health by protecting against
atherosclerosis and oxidative stress.

Several studies with an orally effective delivery of SOD have shown skin
health benefits, including the inhibition of UV radiation-induced skin bum,
quicker healing, and significant reduction in negative reactions to the sun,
particularly for the sun-sensitive and for those with sun allergies [20-22].

13.3 SOD and Dietary Nutrients: GIiSODin®

GliSODin® is the first bioactive SOD by the oral route. As the exposure of
SOD to the acidic nature of the stomach causes modifications in its quater
nary structure and results in a nonfunctioning enzyme, all past oral SOD
treatments have been unsuccessful. In order to avoid the denaturation of
SOD, GliSODin® combines SOD (derived from SOD-rich melon extract)
with gliadin, which is a wheat-based protein that protects SOD during its
passage through the gastrointestinal (GI) tract. Gliadin acts in the small
intestine by adhering to the sidewall. It then releases the SOD progres
sively, protecting against intestinal inactivation by digestive enzymes, and
enables its recognition by immune-active cells in the GI tract [18]. In was
shown in vitro that gliadin in combination with SOD improves SOD
release, as was demonstrated by the progressive release of SOD in an envi
ronment replicating digestive conditions [23]. Animal studies indicate that
the oral administration of the SOD-gliadin complex increases the activity
of SOD, CAT, GPx, and other antioxidant enzymes in plasma cells, red
blood cells, and the liver. Additionally, orally absorbed SOD-gliadin leads
to decreased levels of certain biomarkers, such as F2-isoprostanes, which
are breakdown markers from the destructive actions of oxidative stress in
the body.

A significant in vivo study of the effects of GliSODin® with respect to ele
vated antioxidant levels in the bloodstream was conducted on Balb/c mice
[24]. The mice were divided into two groups; each was orally supplemented
with standardized SOD melon extract over a period of 28 days. One group
was supplemented with SOD alone and the other with GliSODin®. Several
biomarkers of oxidative stress, including antioxidant activity, mitochondrial
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depolarization in hepatic cells, and apoptosis in hepatic cells, were used
to analyze the results of both groups. In the group administered with unpro
tected SOD, there were no significant changes in antioxidant levels.
However, the GliSODin® group demonstrated a dramatic increase in the
activity of circulating antioxidant enzymes. In addition, hepatic cells iso
lated from the mice receiving GIiSODin® presented a delayed depolariza
tion response and an increase in the resistance to apoptosis induced by
oxidative stress. This study demonstrates that GliSODin@ supplementation
leads to definitive improvements in the antioxidant status of the cells and
protects them against the detrimental effects of oxidative stress.

Human studies also demonstrate the role of ousoou> in promoting the
production of SOD and other endogenous antioxidants. Muth et al. (2004)
conducted a randomized, double-blind, placebo-controlled trial to deter
mine GliSODin®'s role in the protection against DNA damage induced
by hyperbaric oxygen (HBO), or pure oxygen at a pressure of 2.5 atmo
spheres [25]. Twenty male volunteers were randomly assigned to receive
either a daily dose of GliSODin® (1,000 IV) or placebo for 2 weeks, prior
to HBO exposure for 60 minutes. A comet assay was then used to mea
sure the resulting DNA damage from HBO exposure (Fig. 13.4). A sig
nificantly greater amount of damage was found in the placebo group, as
compared to little or no damage in the GliSODin®-supplemented group.

Figure 13.4 Effects of GliSODin® supplementation on DNA damage,
measured by the comet assay-a microgel electrophoresis method
that allows detection of DNA damage in individual cells. The upper row
shows progressive and significant DNA damage in the placebo group,
evidenced by the "comet's tail" after the spot. No such effects were
observed in the GliSODin® group (1,000 mg/day), showing an intact
cell nucleus with no DNA damage.
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Additionally, urine levels of F2-isoprostanes, well-established markers of
oxidative stress, increased by 33% from baseline in the placebo group but
not in the GliSODin®-supplemented group. This study indicates that Gli
SODin® protects against DNA damage produced by HBO and thus con
firms the antioxidant activity of the supplement.

GliSODin® also has proven anti-inflammatory effects. An in vivo study by
Vouldoukis et al. performed on C57BLl6 mice analyzed these effects [26].
The mice were split into four groups and administered, respectively, with
GliSODin®, gliadin alone, SOD from melon extract alone, or a placebo.
After 28 days, peritoneal macrophages were activated by the proinflarn
matory INF-gamma and then collected after 24 hours. The ability of the
macrophages to produce free radicals and cytokines such as the proin
flammatory tumor necrosis factor (TNF-alpha) and the anti-inflammatory
interleukine-IO (IL-l 0) was then measured. Of the four oral supplementa
tions, only GliSODin® was found to protect cells from the effects of INF
gamma. This result was obtained by observing the significant increase in
the production of anti-inflammatory IL-IO and consequent reduction of
TNF-alpha in the GliSODin® group.

The impact of GliSODin® on antioxidant status and the vascular inflam
matory process was evidenced by a study by Cloarec et al. (2007) [27].
Seventy-six patients at risk for cardiovascular disease were subjected to
diet and lifestyle changes for one year, at which point the 34 remaining
patients (42 dropped out due to the stringency of study) were randomly
split into two groups. One group continued with the prescribed diet and
lifestyle, while the other received an additional GliSODin® supplement
(500 IU/day) for two more years. After two years, carotid artery intima
media thickness (lMT), an indicator of atherosclerosis, was measured using
ultrasound-B imaging. A significant reduction in the IMT in the SOD
supplemented group was found, as compared to an increase in the IMT of
the nonsupplemented group. Moreover, malondialdehyde levels, a marker of
lipid oxidation, were reduced by 34% in the GliSODin® group. This study
demonstrates GliSODin®'s important role in cardiovascular health, reducing
inflammation and providing improvement in the circulatory system.

13.3.1 GIiSODin@ and Skin Protection

GIiSODin® supplementation is a valuable adjunct to sunscreen for skin
protection, especially against harmful UV radiation. Unprotected skin can
be severely damaged by constant exposure to the sun's UVB and UVA
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rays. In addition to burning (erythema), UV radiation can damage collagen
fibers and cellular DNA; they corrupt DNA molecules by causing malfor
mations that can lead to mutations and unhealthy cell production. Three
human studies demonstrate the benefits of GliSODin® with respect to pro
tecting cells against UV radiation and photo-oxidative stress. The first
study revealing the benefits of the antioxidant properties of GliSODin® for
skin health was conducted as an open clinical trial conducted by 40 derma
tologists in France. The trial involved 150 participants who were chosen
based on their susceptibility to sunburn and other photo-oxidative stress
reactions. 500 mg of GIiSODin® were administered daily over 3-8 weeks
of normal sun exposure (including use of sunscreen, SPF 20-100).

Study participants were split into three groups: 75 patients with significant
flushing or reddening almost immediately during exposure; 60 patients who
experienced negative sun reactions, including sun allergy; and 15 patients
who experienced other irritating skin reactions such as pruritus and solar
eczema.

Results after 4-8 weeks were as follows: of the 75 patients in the first
group, 64 patients reported excellent tolerance, 6 patients had diminished
burning, whereas 5 patients had no improvement; in the second group of
60 patients, 44 did not experience allergic reactions to the sun, whereas
6 had a reduced reaction and 10 had a reaction; and in the third group,
all of the 15 participants had complete relief of their usual symptoms
(Fig. 13.5). In summary, 86% of participants reported significant relief [20].

A follow-up randomized, placebo-controlled, double-blind trial by
Mac-Mary et al. involved 49 healthy individuals: 10 phototype II, 19 phe
notype III, and 20 phenotype IV [22]. Researchers used UV radiation to
induce photo-oxidative stress on the inner forearms of the participants and
measured the susceptibility of the participants to sunburn (minimum ery
thematous dose, or MED) and the resulting redness (actinic erythema). A
UV stress test was then conducted before GliSODin@ supplementation was
administered. Participants received 500 mg doses each week for 4 weeks,
and UV stress tests were conducted each week to measure progress. At the
end of 4 weeks, an increase of 8 times in the minimum exposure to UV
rays necessary to produce skin burn for phototype II participants was found
in the GliSODin® group, compared to the placebo group (Fig. 13.6). Addi
tionally, the induced redness decreased faster in the GliSODin® group
compared to the control group (Fig. 13.7) [28]. The effects were more
marked in the photo type II subjects than the other skin-type groups.
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Figure 13.5 Effects of GliSODin® supplementation in 150 sun-sensitive
patients divided into three groups; 75 Patients Who Immediately Flush
and Burn When Exposed to the Sun; 60 Patients Who Experience
LEB-type Sun Allergic Reactions; and 15 Patients With Other Reactions
Such as Pruritus, Solar Eczema, and Rashes. This chart shows the scale
of relief received in each group by percentage.

Figure 13.6 Compares the percentage increase of minimum
erythematous dose (MED) of type II phototypes in GIiSODin® group
from day 1 to day 30, to that in placebo group.
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Figure 13.7 The redness produced by UV exposure was reduced in the
GliSODin® group in type II phototypes, compared to placebo, suggesting
a protective benefit. Figure generously provided by Dr. Humbert,
Departement de Dermatologie, Centre Hospitalier Universitaire St
Jacques 2, Place St Jacques 25030 BESANCON CEDEX.

In addition, capillary regeneration was faster than in the control group.
The number of capillaries in the GliSODin® treatment group increased by
37.7% after 4 weeks, compared to an increase of only 18.1% in the pla
cebo group (Fig. 13.8) [28]. It was thus concluded that GliSODin® protects
the skin from oxidative stress caused by UV radiation.

One of the first conclusive pilot trials of the role of GIiSODin® in skin
protection against UV radiation involved 15 patients who were chosen
based on their high susceptibility to sunburn or sun disease. Administered
daily were 500 mg of GIiSODin® for 60 days of normal sun exposure. At
the end of 60 days, patients reported significant reductions in sunburn,
flushing, and skin rash [21].

13.4 Conclusions

ROS production is an inevitable consequence of metabolic processes
in aerobic organisms. Under normal conditions, an oxidant-antioxidant
balance-maintained by the defense mechanisms of endogenous, enzymatic
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Figure 13.8 Increased evolution of capillary numbers after MED
exposure during 4 weeks as a result of GliSODin® supplementation,
compared to placebo, suggesting a protective benefit.

antioxidants such as SOD, catalase, and glutathione peroxidase---exists. How
ever,an excess ofROS and the resulting effects of dangerous free radicals such
as O2~ can disrupt this balance and lead ultimately to oxidative stress.

02~ is the starting point of a cascade of free radical reactions, resulting in
the unchecked proliferation of ROS. First discovered in 1968, SOD is the
first antioxidant defense to mobilize against O2- and ensuing oxidative
stress. For years, attempts at the oral administration of pure SOD to boost
natural antioxidant levels failed, because SOD's delicate quaternary struc
ture could not withstand the acidic nature of the GI tract. This issue was
solved, however, with the advent of GliSODin®. GliSODin® combines
SOD extracted from the cantaloupe melon with the wheat-based biopoly
mer gliadin, thus making SOD bioactive in the body. The SOD-gliadin
combination increases SOD's efficiency, stability, and delivery during its
passage into the bloodstream. Additionally, the role of GliSODin® in
making SOD bioactive in the body promotes the activity of other crucial
endogenous, enzymatic antioxidants such as catalase and GPx.

GliSODin® also produces anti-inflammatory effects. The results of the
studies that have been discussed indicate that whereas SOD and gliadin
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alone have little impact on the increase of IL-IO and the reduction of
TNF-alpha, the SOD-gliadin combination is effective in this way. In addition
to its anti-inflammatory capabilities, ousorx-- also protects skin from
photo-oxidative stress caused by UV radiation. There are several UV studies
whose results support this conclusion.

As methods to prevent oxidative stress and contribute toward healthy
aging are considered, orally supplemented GliSODin@ has been shown
scientifically to offer a therapeutic means for the prevention and treat
ment of many conditions associated with inflammation and oxidative
stress.
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14.1 Introduction

Chronic exposure to solar radiation, exposure to harsh chemicals, years or
decades of cigarette smoking, treatment with corticosteroids or other
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metabolic inhibitors, and underlying metabolic diseases such as diabetes
all produce adverse changes in the appearance of the skin. Bed-ridden
patients, individuals with underlying conditions that lead to peripheral
vascular disease and chronic hypoxic conditions in the skin develop simi
lar changes. All of these effectors of skin damage are superimposed on the
deleterious changes that occur simply due to the passage of time (chrono
logical aging). Although the aging process, photodamage, steroid use, etc.,
each produces a unique constellation of changes, they all result in damage
to the connective tissue elements of the skin. This, in tum, speaks to the
importance of the connective tissue in maintaining a healthy-appearing
skin. There is no question that the dry, wrinkled, mottled appearance of
damaged skin is unappealing to many individuals because of how it looks
and because of what it implies.

To prevent or repair damaged skin provides important psychological
benefits that would justify therapeutic intervention even if there were no
other benefits. To suggest, however, that the consequences of skin damage
are only cosmetic is incorrect. Skin damage has significant medical conse
quences [1-5]. The thin, frail skin of elderly individuals is prone to bruis
ing and the bruises often form slow-healing or nonhealing lesions. Minor
abrasions occur more frequently and take longer to heal. Chronic ulcers
can develop, particularly on the lower extremities, with disastrous conse
quences in these patients. Anything that can be done to prevent connective
tissue damage will benefit not only the appearance of the skin, but its basic
function, as well.

Research conducted over the past 25 years has provided definitive evi
dence that connective tissue damage in the skin-along with its attendant
cosmetic and medical consequences-is not simply the inevitable result
of living. It is quite the contrary. Damage to the skin can be prevented
or delayed, and accumulated damage can be (at least in part) reversed.
Repairing skin damage has both cosmetic and medical benefits.

14.2 The Elements of Healthy Skin

Because damage to the connective tissue components of the skin is largely
responsible for adverse changes in appearance, we need to understand
what constitutes a healthy dermis to begin with. The dermis consists largely
of type I collagen. This structural protein accounts for approximately 90%
of the dry weight of the skin [6]. Interstitial fibroblasts imbedded in the
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dermis synthesize and secrete collagen precursors (procollagen peptides),
which are processed extracellularly by cleavage of amino acid sequences
from both the N- and C-terminal portions of the peptides. Three peptide
molecules then bind together noncovalently to form the triple helix that
makes up the mature type I collagen molecule. Two of the peptides in the
triple helix (the o.l chains) are identical, and the third (the a2 chain) is
slightly smaller in size. Once the individual triple helical molecules have
formed, they can be cross-linked to form mature collagen fibers, and these
can be further cross-linked to form the collagen fiber bundles that are vis
ible at the light- and electron-microscopic levels. The major function of
the structural collagen in the skin is strength.

When one thinks about the appearance of the skin, the next important
molecule that comes to mind is elastin. Elastic fibers are assembled from
monomeric peptides (tropoelastin) synthesized and secreted by interstitial
cells during development of the skin. The elastic fibers are much thinner
than the type I collagen fibers and, as a percentage of the connective tissue
dry weight, constitute a much smaller percentage of the total protein [7].
In contrast to the interstitial collagens, which run in all directions but espe
cially parallel with the plane of the skin, the elastic fibers have a primarily
perpendicular orientation. Elastic fibers are uniquely folded or coiled in
the resting state. They uncoil when force is applied and then recoil when
the force is released. Their capacity to stretch and recoil, coupled with
their unique orientation, is primarily responsible for the supple nature of
healthy skin. Damage to the elastic fibers during aging and as a conse
quence of excess sun exposure is responsible for skin sagging. Elastic
fibers in the skin not only provide suppleness to the skin as a whole but
also associate with the small blood vessels of the skin and allow these
vessels to undergo a certain amount of distortion without breaking.

Along with the structural collagens and elastin, there are numerous other
extracellular matrix components in the dermis. Fibronectin, laminin, and
heparin sulfate proteoglycan are all present in varying amounts and playa
variety of roles. Fibronectin is present in the interstitium, closely associ
ated with collagen. Interstitial fibroblasts have specific integrin receptors
(primarily a4~ I and a5~ l) for fibronectin and bind to this matrix mole
cule as well as to collagen directly [8]. Laminin consists of a family of
large extracellular matrix molecules. Members of this family are found
in the basement membrane, separating the epithelium from the adjacent
dermis. Epithelial cell attachment to the basement membrane occurs,
in part, through interaction with laminin via specific integrin receptors
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(primarily a6p 1 and a6p4) [9]. The function of the proteoglycans is less
well understood. These large molecules, consisting of a protein core to
which large amounts of carbohydrate (i.e., glycosaminoglycans-repeating
disaccharide units) are attached, bind water and are thought to provide
volume and "cushion" for the skin.

In addition to these connective tissue elements, there are a large number of
other secreted proteins that become incorporated into the dermal matrix in
smaller amounts. These molecules playa variety of functions. A detailed
description of the extracellular matrix molecules present in the dermis as
well as their organization and function is beyond the scope of this chapter.
Any number of recent textbooks and reviews are available for those who
wish to pursue this subject in more detail. It is sufficient to say the deleteri
ous changes in the appearance of aged skin reflect, in large part, damage to
the major connective tissue elements that make up the dermis. Although
damage to all of the matrix components occurs during aging and as a con
sequence of excess sun exposure, etc., because collagen is, by far, the most
abundant extracellular matrix component in the skin, skin damage is
largely collagen damage. In the remainder of this chapter we will focus on
the pathophysiology of collagen destruction (based primarily on what we
know from studies on chronological aging and photodamage).

14.3 Histological and Ultrastructural Features of Skin
Damage: Relationship to Altered Appearance

Figure 14.1 demonstrates features seen in sun-protected skin of a young
adult at the light-microscopic level and the changes that occur as a conse
quence of the chronological aging process. The collagen fiber bundles are
shorter and thinner in the aged skin and there is more space between the fiber
bundles. Cells imbedded in the matrix of aged skin have a rounded appear
ance and many of the cells appear to be separated from the surrounding col
lagen bundles altogether. In healthy young skin, in contrast, the interstitial
cells reside in intimate contact with collagen fibers and have a much more
flattened or stretched appearance. In past studies [10, II], we quantified
degenerative changes in the skin in groups of individuals of differing age.
Using four parameters of damage including fiber length, fiber width, overall
connective tissue disorganization, and depth to which the degenerative
changes could be seen, we concluded that virtually all individuals below the
age of 60 years had a "young skin" phenotype (i.e., longer, thicker collagen
fiber bundles and lack of disorganization). Individuals between 60 and
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Figure 14.1 Histological features of sun-protected skin from young
and old individuals. In young skin (left), thick collagen fiber bundles
are present throughout the dermis, extending almost to the epidermis.
Interstitial cells imbedded in the collagen bundles have a stretched shape
and appear to be in intimate contact with collagen (insert). In the skin
sample from the old individual (right), healthy collagen bundles have
been replaced with thin, short, disorganized fibers. There is more open
space in the dermis. Interstitial cells are round or oblong, and some
appear to be surrounded by open space (arrows). Both panels are 5-lJm
hematoxylin and eosin-stained sections (X490). Insert: Both panels are
t-urn toluidine blue-stained sections (X980). Taken from [11].

79 years of age were mixed in the sense that, in some, phenotypic features
were similar to those typically seen in the younger individuals whereas other
individuals in this group had an "old skin" phenotype. In the group of indi
viduals who were 80+ years of age, virtually all demonstrated the features
associated with the old skin phenotype (Fig. 14.2).

In addition to the semiquantitative approaches used above, there is also
direct, biochemical evidence of increased collagen damage in aged/photo
damaged skin. The direct biochemical data are based on the fact that intact
collagen is resistant to digestion by mammalian enzymes other than the
three known collagenases, whereas collagen molecules that have been
"clipped" by one of these enzymes becomes sensitive to further degrada
tion by a number of different proteases, including chymotrypsin [12]. We
took advantage of this to compare chymotrypsin sensitivity of dermal
collagen in healthy young skin versus aged sun-protected skin. The same
comparison was made between photodamaged skin and sun-protected skin
of the same individuals. With both comparisons, the amount of fragmented
collagen in the damaged skin was increased by approximately four-fold
over the amount present in healthy skin [13]. In the same studies it was
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Figure 14.2 Morphometric changes in dermal connective tissue from
individuals of increasing age. Sun-protected skin biopsies were obtained
from individuals of differing age (9-11 subjects per group). Dermal
connective tissue features were evaluated and given a numerical score
between 1 and 9 (increasing score indicative of increasing abnormalities).
Virtually all of the individuals below the age of 60 years had a young skin
phenotype. Individuals between 60 and 79 years of age constituted a
mixed population in that some individuals had a young skin phenotype
whereas others expressed features associated with aged skin. Virtually
all of the individuals 80 years of age and older expressed features
associated with aged skin. *Statistical difference from the corresponding
value in the 18-29-year-old group. See [10] for details.

shown that total collagen was decreased by 20-30% in the skin of aged
(80+ years) individuals as compared to the skin of individuals ages 18-29.

Ultrastructural features of healthy and damaged connective tissue are
demonstrated in Fig. 14.3. By scanning electron microscopy (left-hand
panels), it can be seen that, in healthy young skin, collagen is organized
into a network of fiber bundles that are uniformly distributed throughout
the section. In damaged skin, the collagen is fragmented. Some areas are
devoid of collagen whereas in other areas, dense clumps of collagen are
visible (center of the photograph). At the transmission electron-microscopic
level (right-hand panels), it can be seen that in the healthy dermis, intersti
tial fibroblasts are imbedded in and surrounded by dense bundles of intact
collagen. Contact with collagen occurs over much of the cell surface. In
the damaged dermis, there are fewer collagen bundles. Interstitial cells are
surrounded by and in contact with thin and disorganized collagen fibers,
with amorphous material or with empty space.
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Figure 14.3 Scanning electron microscopic- and transmission electron
microscopic-features of healthy and damaged skin. Scanning electron
microscopy (left) demonstrates uniformly distributed collagen bundles
throughout the section of healthy skin. In the damaged skin, fragmented
collagen is observed. Instead of a uniform distribution, there is a clump of
collagen in the center of the section with a lack of collagen in other areas.
At the transmission electron-microscopic level (right), it can be seen
that in healthy skin, the cells are in intimate contact with the surrounding
collagen. In damaged skin, there is a lack of intact collagen. The cells
are surrounded by and in contact with thin, fragmented connective tissue
fibers, with amorphous material or with empty space.

The histological and ultrastructural features of damaged skin are readily
apparent. The question is this: how do these histological and ultrastruc
tural changes relate to the clinical features of chronological skin aging
and/or photodamage? Though acknowledging that correlating histological
and ultrastructural features with clinical appearance is never absolute,
we are confident that the manifestations of aged and photodamaged



276 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

skin (especially coarse and fine wrinkles) are a reflection of collagen
fragmentation. In healthy skin, the collagen matrix provides a thick, uni
form layer of connective tissue. When this material is fragmented and
pulled into clumps (leaving some areas devoid of collagen), the clumps
and gaps translate directly into the wrinkled contours. Though it may be
difficult to prove that this is the case in humans, the formation of a new,
thick band of collagen following retinoid treatment in the photodamaged
mouse model [14,15] provides direct evidence for the relationship between
a layer of intact connective tissue and a smooth surface texture devoid of
wrinkles. Compounding the deficits resulting from fragmented collagen are
the overall thinning of the skin (primarily in natural aging) and the buildup
in elastotic material (photoaging).

In addition to contributing to skin wrinkling, collagen fragmentation and
the overall loss of collagen may also contribute to the frequent bruises
seen in aged and photodamaged skin insofar as the fragmented matrix
provides little support for the microvasculature and results in frequent
capillary breakage.

14.4 Pathophysiology of Skin Damage

14.4.1 Cellular and Molecular Events That Bring
about Connective Tissue Damage in the Skin

There are fewer fibroblasts in aged skin, with reduced growth capacity,
increased production of collagen-degrading matrix metalloproteinases
(MMPs) and reduced elaboration of collagen and other components of the
extracellular matrix [16-21]. Similar changes are observed in young skin
fibroblasts from premature aging conditions such as progeria and Werner's
syndrome [22]. Our own studies, which have been published in a series of
reports over the past two decades [10, II ,23-26], have demonstrated that
these age-related changes in fibroblast function that have been so well doc
umented in vitro are also present in vivo. To reiterate, our in vivo studies
have demonstrated that the number of interstitial fibroblasts is decreased in
skin from 80+-year-old individuals as compared to skin from 18-29-year
old individuals. At the transmission electron-microscopic level, there is less
endoplasmic reticulum in the cells from aged skin (indicative of decreased
protein synthesis). Synthesis of types I and III procollagen, as well as
other components of the extracellular matrix, is lower in the aged skin
and levels ofMMP-1 (interstitial collagenase) and MMP-9 (gelatinase B)
are increased. The fact that cells taken from aged skin show the same deficits
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in vitro (i.e., reduced growth, reduced collagen production, and increased
MMP levels) as observed in vivo suggests that intrinsic, age-related changes
in fibroblast physiology are mechanistically important to the accumulated
damage in chronologically aged skin.

Superimposed on the deficits that occur as a consequence of the natural
aging process are the effects of photoaging. Acute exposure to ultraviolet
(UV) radiation from the sun results in a rapid and strong upregulation of the
same MMPs that are gradually upregulated in natural aging [27,28]. There
is also a sharp but transient drop in collagen synthesis following acute ultra
violet exposure [29] and a sustained loss of collagen synthesis in late-stage
photodamage [30,31]. Thus, though aging and photodamage are unrelated
etiologically, they share basic pathophysiological mechanisms (i.e., reduced
collagen synthesis and increased collagen breakdown). Metabolic diseases
such as diabetes and other conditions in which peripheral vascular function
is compromised also lead to decreased collagen production/increased col
lagen damage in the skin [32-38]. Finally, extended use of potent corticos
teroids directly depresses collagen synthesis in the skin [39,40], leading to
observable thinning and reduced tissue strength.

In summary, one could end the discussion here and conclude that we know
something of the processes that bring about damage to the connective tis
sue of the skin. Intrinsic changes in fibroblast physiology occurring as a
consequence of the passage of time result in a gradual increase in the elab
oration of collagen-degrading MMPs, and progressive fragmentation of
the major connective tissue elements of the skin. Concomitantly, there is a
gradually reduced capacity to repair the damage. Superimposed on these
effects of the aging process, other, extrinsic, factors exacerbate the delete
rious changes resulting directly from the intrinsic aging process. As a
result of these intrinsic and extrinsic factors, the dermis thins measurably.
The unsightly appearance that is characteristic of aged skin and the loss of
function that leads to easy bruising/wounding and poor wound repair arise.
Though correct, this is only a part of the story.

Although intrinsic changes in fibroblast physiology bring about connec
tive tissue damage, recent studies have demonstrated that, at some point,
the damaged matrix itself becomes a milieu that no longer supports the
optimal functioning by cells that are inherently capable of sustaining a
healthy skin phenotype. In contrast, damage to dermal collagen produces
an environment that, itself, stimulates further collagen destruction and
retards new collagen synthesis by cells that are inherently capable of
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supporting healthy skin. The result of initial damage, thus, becomes the
mediator of further damage.

14.4.2 Damaged Connective Tissue as the Mediator of
Impaired Cell Function

In the absence of overt skin injury or active disease, interstitial fibroblasts
reside as mostly single cells in the dermal connective tissue matrix. As noted
above, the interstitial fibroblasts are physically attached to the connective
tissue fibers-primarily type I collagen. This interaction is mediated by spe
cific adhesion receptors on the fibroblast surface (primarily al~l and
a2~1 integrins) binding to specific amino acid sequences in the collagen
molecule [41,42]. The interaction between a single integrin receptor mole
cule and its cognate amino acid sequence in the matrix molecule produces
an adhesive force that is insignificantly small compared to the mass of the
cell. The force holding the cell to the substratum is magnified, however, as a
result of clustering of adhesion receptors at the site of attachment. Cell
substrate attachment and receptor clustering trigger a complex series of
molecular events within the cell. Proteins on the inner side of the plasma
membrane bind to the cytosolic domain of the integrin molecules as the
developing (focal adhesion) site forms. Cellular actin, which is largely
monomeric in unattached cells, binds to cytoplasmic proteins in the focal
adhesion complex and polymerizes to form the F-actin filaments. Myosin
interacts with the actin, and together the actin-myosin complex forms the
contractile apparatus of the cell. As the cell's actin-myosin contractile sys
tems shortens, the cell pulls against the rigid substrate to generate mechan
ical force and produce the stretched appearance [43,44].

A large body of literature demonstrates the importance of mechanical
tension to cellular behavior (reviewed in [45-47]). Studies conducted
largely in vitro on a variety of "deformable" materials have convincingly
demonstrated that when there is a sufficient level of mechanical tension
on fibroblasts, production of collagen (as well as other components of
the extracellular matrix) is high. When tension is reduced, the cells enter
a mechanically relaxed state and matrix production declines. Concomi
tantly, elaboration of matrix-degrading enzymes is stimulated [48-55].
These past studies have shown that reduction in collagen synthesis occur
ring as a consequence of reduced mechanical tension reflects (i) decreased
transcription of genes for interstitial collagens, (ii) effects on enzymes
involved in the post-translational processing of procollagen peptides,
and (iii) increased elaboration of collagen-degrading MMPs. It has been
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demonstrated, furthermore, that multiple signaling pathways regulating
extracellular matrix gene expression are altered by changes in mechanical
tension [56-58].

The three-dimensional collagen matrix that makes up the connective tissue
of the skin can be thought of as a rigid but potentially deformable scaffold
(much like the steel skeleton of a building), with interstitial fibroblasts
imbedded within and attached at many points to the structure. Given the
in vitro findings described above, we asked what would happen if the col
lagenous matrix were fragmented by exposure to collagenolytic enzymes.
To address this question, we carried out a series of studies in which healthy
human dermal fibroblasts were imbedded in a three-dimensional matrix
of intact polymerized type I collagen or polymerized collagen that had
been exposed to MMP-l (interstitial collagenase) [11,13,59-61]. As pre
dicted, the cells maintained a well-spread (mechanically stretched) appear
ance on the intact substrate. Concomitantly, the cells expressed a synthetic
phenotype in which collagen and other components of the extracellular
matrix were actively synthesized, and collagen-degrading MMPs were
suppressed. However, when the collagen matrix was fragmented by expo
sure to MMP-l (the major collagen-degrading enzyme in the skin) [62,63],
the fragmented matrix collapsed under the tension of the attached cells.
As tension on the cells lessened, focal adhesions dissipated and the actin
cytoskeleton depolymerized. The attendant fibroblasts lost their mecha
nically stressed morphology and became spherical in shape. Eventually,
these cells detached from the substrate altogether. In contrast to what oc
curred on the intact collagenous matrix, collagen production by cells
on the fragmented matrix decreased (>80% reduction) and MMP levels
increased. Thus, the cells "switched" from a synthetic to a degradative
phenotype.

Figure 14.4 demonstrates changes in the morphological appearance of der
mal fibroblasts as the collagen matrix to which these cells are attached
undergoes the transition from intact to fragmented. In the upper part of the
cartoon, the cell is depicted as being in contact with intact type I collagen.
The cell is attached to collagen bundles at several points. The cell-substrate
attachment points represent focal adhesions (shown in green). The red
"fibers" running throughout the cell represent filamentous (polymerized)
actin. The lower part of the figure depicts a cell imbedded in a matrix con
taining fragmented collagen. The collagen fiber bundles no longer form an
organized superstructure and the cell has a spherical shape. The focal
adhesions dissociate and the proteins that make up the focal adhesion in
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Figure 14.4 Schematic representation of collagen fragmentation and
loss of mechanical tension on imbedded cells. The left side of the figure
presents a cartoon view of dermal fibroblasts imbedded in a collagen
matrix. In the upper panel, the collagen fiber bundles are intact and the
cell is attached to the collagen at numerous points. It has a stretched
appearance. The middle panel depicts a cell undergoing shape change
as a consequence of attachment to collagen that has been fragmented.
In the lower panel, the collagen is substantially fragmented and the cell
has lost contact with the substratum. It has a spherical appearance. The
right-hand part of the figure shows confocal fluorescence microscopic
images of cells in contact with intact versus fragmented collagen. Actin
stress fibers that begin at focal adhesion proteins are apparent. Nuclei
are identified by virtue of being labeled with a fluorescent dye.
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the mechanically stressed cell are diffusely expressed throughout the cell.
Actin filaments undergo depolymerization. The middle portion ofthe figure
depicts a cell in transition. The right side of the figure presents confocal
immunofluorescence images of actual cells (human dermal fibroblasts) in
contact with intact or fragmented collagen. The green fluorescence is due
to immuno-staining of vinculin, one of the focal adhesion proteins on the
intracellular side of the plasma membrane. The red fluorescence is due to
fluorescent-tagged phalloidin used as an actin stain. Nuclei are identified
by their blue fluorescence (DAP!). Based on these findings, we hypothe
size that degradation of collagen in vivo (occurring in both natural aging
and photodamage) would produce an environment that is unable to support
a level of mechanical tension required for efficient collagen-synthetic
activity. When one compares the dramatic loss of collagen production seen
in aged and photodamaged skin (as compared to controls) and the rela
tively small decline seen in fibroblasts isolated from aged/photodamaged
skin and examined in vitro [II ,59], the conclusion is inescapable that the
damaged connective tissue is, itself, a major contributor to skin damage in
aging and photoaging.

14.5 Summary and Conclusions

What is the "take home message?" Simply put, it can be stated that though
intrinsic changes in cellular function are (certainly) a part of the skin aging
process, decreased cell function in aged or photodamaged skin appears
to be due, largely, to interaction of otherwise healthy cells with the dam
aged connective tissue. In one sense, this is good news. To the extent that
resident cells are still capable of expressing a healthy skin phenotype, con
nective tissue damage in aged/photoaged skin should be reversible. The abil
ity of agents such as 14-all trans retinoic acid (RA) to stimulate collagen
production and reduce MMP expression in aged and photodamaged skin
(concomitant with their beneficial effects on the appearance of the skin) is
supportive of this [27-31]. Likewise, recent studies have suggested that
the beneficial effects of skin fillers such as cross-linked hyaluronan are
due, at least in part, to providing an artificial (if temporary) support to which
resident cells can interact [64]. By filling space in the damaged skin, the
injected material produces mechanical stress of the resident fibroblasts and
stimulates these cells to begin producing replacement collagen. If a suffi
cient amount of new collagen is produced, the repair process should con
tinue after the injected material has been cleared from the injection site.
Ultimately, then, what was a temporary fix may become long lasting.
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15.1 Amino Acids-General Information

Amino acids are chemical entities that have been recognized as the "building
blocks" of life. In humans, nine amino acids are recognized as essential,
because the body cannot synthesize them and they are normally required in the
diet. The essential amino acids are: isoleucine, leucine, lysine, threonine, tryp
tophan, methionine, histidine, valine, and phenylalanine. In addition to the
nine essential amino acids, there are nonessential amino acids that the human
body can synthesize. These amino acids include: alanine, arginine, aspartic
acid, cysteine, glutamic acid, glutamine, glycine, ornithine, citrulline, proline,
serine, taurine, and tyrosine. The essential amino acids vary from species to
species, because different metabolisms can synthesize different substances.

The amino acids form strings of long chains called peptides (1-100 amino
acids), polypeptides (l00-200 amino acids), and proteins (over 200 amino
acids). They are constituents of muscles, tendons, organs, glands, skin,
hair, and nails etc. Growth, repair, and maintenance of all cells are depen
dent on their continuous supply in the body.

15.2 Amino Acids-Function and Benefits
(Oral and Topical Administration)

The skin structure consists of various components, with the major part
composed of amino acids. It is quite likely that replenishment of constituent
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amino acids can help retain normal skin structure and thus enhance the
beauty of skin. Amino acids have various functions as shown in the
following table (Table 15.1). In addition to the simple replenishment of
the amino acids that are components of the skin, efficacy in terms
of improvement of the skin condition is likely to be manifested in dif
ferent ways.

Table 15.1 The Key Functions of Amino Acids in Skin

(I) Skin Constituents
NMF (moisture retention): serine, glycine, alanine, citrulline, threonine
Keratin: methionine, cysteine, cystine
Collagen: glycine, proline, alanine, hydroxyproline

(2) Promotion of Skin Tissue Regeneration
Promotion of skin turnover: arginine, citrulline, ornithine, glutamine
Promotion of collagen synthesis: arginine, glycine, oroithine,

hydroxyproline
(3) Protection Against UV Damage (Antioxidant Activity)

Suppression of melanogenesis: glutathione, cysteine, methionine,
histidine, arginine, citrulline

There are two ways to provide the skin with the necessary components:
external application and oral administration. Because the skin is an organ
in direct contact with the external environment, the general view is that
direct delivery of substances from the outside by external application is the
most effective, which has led to the development of numerous topical cos
metic products. In fact, many products are formulated with amino acids.
However, because the stratum corneum serves as a barrier against invasion
by foreign substances, it is likely that, for substances to be delivered deep
into the skin, oral intake--delivery from the interior of the body to the skin
through the bloodstream-is more effective. Therefore, two approaches
can be suggested for replenishing effective ingredients: external delivery
for exerting the effect on the skin surface, such as the stratum corneum,
epidermis, etc., and internal delivery for exerting an effect on tissues deep
inside, such as the dermis.

Here, the relationship between beautification and amino acids is classified
according to their function (Table 15.1), and outlined from each view
point: (1) maintenance of constituents of the skin, (2) enhancement of
regeneration of skin tissues, and (3) promotion of UV protection (tan
reduction and skin whitening).
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15.2.1 Skin Constituents

15.2.1.1 Maintenance of the Natural Moisturizing
Factor (NMF) (Moisture Retention)

The stratum corneum, the outermost layer of the skin, serves as a barrier
that protects the skin. It not only defends the body against invasion by
various external stimuli such as bacteria and foreign substances, but also
prevents excessive loss of moisture and evaporation of useful materials.
This barrier functions by the binding of lipids and proteins to hydrophilic
substances, such as the NMF present in the stratum corneum.

The NMF serves as the main complex in retaining water in the stratum
corneum [1-3]. It is comprised of free amino acids and amino acid
derived substances. Free amino acids make up to 40% of the NMF, a large
proportion of which are serine, glycine, alanine, citrulline, and threonine
(Fig. 15.1) [4,5]. The amount of free amino acids in skin keratin correlates
with the water content of the epidermis, which can be measured by electrical
conductivity (Fig. 15.2) [6]. It has been reported that in skin dehydration
due to aging and xeroderma, there is a change in the amino acid composition
[7]. In the skin condition known as atopic dermatitis, the amount of free
amino acids in the epidermis is significantly smaller and the water content
in the stratum corneum is also substantially lower than that seen in healthy
individuals (Table 15.2) [8]. Thus, to enhance moisture retention in the
stratum corneum, it is important that the correct amounts of amino acids

Na
5%

CI
6%

Phosphoric acid
0.5% Glutamic acid 2
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.................... .,_ J:-.~.I:l.~!~~ ..?%__.
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[Breakdown of the NMF] [Breakdown of amino acids]

Figure 15.1 Composition of the NMF. Modified from Jacobi 1959 [4] and
Koyama et al. 1984 [5].
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Figure 15.2 Correlation between the levels of free amino acids in
the stratum corneum and the water content (electrical conductivity) in
the epidermis. Electrical conductivity is used as an indicator of water
content. The electrical conductivity of the skin surface of 30 adult
patients with various degrees of dermatitis was measured. Using an
amino acid analyzer, the amino acid content of the skin was determined
by measuring the amino acids contained in samples obtained by
consecutive tape striping of the skin. Modified from Horii et al. 1989 [6].

Table 15.2 Amount of Free Amino Acids in Atopic Dermatitis

Atopic Dermatitis Control

Free amino acids (nmoVmg protein) 186 ± 24* (n = 20) 290 ± 27 (n = 19)

Mean ± SEM. "P < 0.01 (vs. control, student's t-test). Modified from Watanabe et al.
1991 [8].

are maintained in the NMF. Replenishment of the amino acids that are the
main constituents of the NMF, such as serine, glycine, alanine, citrulline,
and threonine, is therefore likely to have the effect of enhancing mois
ture retention in the stratum corneum of skin. Actually, it was shown that
orally administrated citrulline is effective in improving skin moisture
retention levels.

In addition, a human clinical study has shown that hydroxyproline is effec
tive for amelioration of dry, rough skin, though hydroxyproline is not a
component of the NMF (Kyowa Hakko in-house data, Section 15.3.1).
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Figure 15.3 Percentages of amino acid constituents of collagen.
Modified from Biochemistry Data Book I. 1979 [9].

15.2.1.2 Replenishment of the Constituents of Collagen

While the epidermis is responsible for the barrier function of the skin, the
dermis supports the epidermis and serves as a cushion that gives elasticity
to skin. UV rays from sunlight, which penetrate deep into the skin, can
damage the collagen in the dermis, resulting in wrinkles, loss of firmness,
and sagging skin. The metabolic activity of the dermis decreases with age
and the amount of collagen decreases due to a loss of balance between the
synthesis and degradation of collagen, thereby making the skin thinner and
less resilient.

Collagen is an important building block of the skin. Collagen makes up 30%
of the protein in the living body and 70% of the protein in the skin. Collagen
is composed of33.7% glycine, 13.3% proline, 11.6% alanine, 9.7% hydroxy
proline, and 31.8% of other amino acids (Fig. 15.3) [9]. This composition
differs from the amino acid composition of other proteins such as those con
tained in meat and eggs, which are regarded as nutritionally complete.

15.2.1.3 Replenishment of the Constituents of Keratin

The structure of the stratum corneum comprises layers of tightly adhering
cells containing keratin protein. This structure is maintained by the binding
of cobblestone-like cell units to water, the NMF, and sebum, greatly
enhancing the barrier function. Insoluble and consisting of tightly binding
molecules, keratin has a close, firm structure with few crevices, imparting
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keratin with properties that are ideal for preventing the penetration of
foreign substances, or the loss of useful materials. This feature is due to
cystine, a sulfur-containing amino acid contained in keratin. Cystine is the
cysteine dimer, which acts as the building block of the firm, robust struc
ture of keratin. Because keratin is the chief constituent of nails and hair, in
addition to the stratum corneum, it is clear that cystine and cysteine, the
building blocks of the keratin structure, and methionine, another sulfur
containing amino acid that is also a cystine precursor, are important for the
health of skin, nails, and hair.

15.2.2 Promotion of Skin Tissue Regeneration

15.2.2.1 Skin Turnover

To maintain healthy skin, it is important to maintain normal skin cell
turnover. The epidermis, which includes the stratum corneum, has a par
ticularly active metabolism. Elimination of old tissues and production of
new tissues are the functions that provide the epidermis with its normal
barrier activity. In addition, the epidermis assumes the critical role in skin
improvement, including the promotion of melanin excretion. Skin metab
olism is called turnover, and the change to horny cells in the epidermis is
specifically called keratinization. Keratinization typically occurs over a
28-day period.

Slowed metabolism due to the effects of UV rays, aging, and other factors
delays the turnover cycle, allowing a buildup of old tissue. Thickening of
the stratum corneum makes the skin less clear, a major contributor to dull
looking skin. It is therefore important to keep active cell division and to
promote skin metabolism.

15.2.2.2 Amino Acids Responsible for Regeneration
of the Skin (Enhancement of Skin Turnover)

15.2.2.2.1 Promotion of Skin Turnover

The Acceleration of NO Secretion In terms of promotion of skin turn
over, one approach to enhancing metabolism is by increasing circulation
of blood flow. Nitrogen monoxide (NO) has a vasodilating effect. Arginine
and citrulline are involved in the production of NO in the urea cycle and
there are numerous reports describing the relationship between arginine/
citrulline and the vasodilation effect.
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In one report, hypertension induced in salt-sensitive rats was ameliorated
by arginine, indicating significant suppression of the elevation of blood
pressure and improvement in renal blood flow [10]. In another report, in
an arteriosclerosis rabbit model, the vasodilation response that had been
reduced by arteriosclerosis was recovered by the administration of arginine
into their drinking water [11,12].

Regarding citrulline, it is known that the administration of citrulline
significantly decreased blood pressure in a rat model of salt-sensitive
hypertension [13] and improved blood flow of rats pretreated with the
vasoconstrictor phenylephrine [14].

The Acceleration of the Cell Division The cell division process
requires a large amount of energy, and glutamine is frequently used.
It appears that glutamine serves to help cell proliferation by partici
pating in the process of donating amino groups, thereby having the
effect of promoting wound healing in the skin [15]. In an experiment
using acetic acid ulcer rats, glutamine was observed to have the effect
of promoting wound healing (collagen synthesis) required for granula
tion. Glutamine-based therapeutic agents for gastric ulcer and duodenal
ulcer are, in fact, available for pharmaceutical use ("Glumin S," Kyowa
Hakko Kirin Co., Ltd.).

One group of substances that plays a leading role in cell division is
polyamines. Polyamines are believed to be important in stabilization
of DNA (chromosomes) during cell division [16]. When cell division
occurs, a large amount of energy is required and the amino acids in the
body are fully mobilized; therefore, replenishment of various amino
acids is important. In terms of polyamine synthesis, ornithine and
arginine, polyamine precursors, are important. It has been reported
that enteral administration of arginine to burn-model rats increases
the urinary polyamine level and enhances protein metabolism [17].
One report indicated that intake of ornithine and arginine promotes
polyamine synthesis, thereby enhancing the growth of the intestinal
tract [18].

Based on these reports, it is expected that intake of ornithine or arginine
will promote skin metabolism via promotion of polyamine synthesis
involved in the proliferation and growth of cells, together with the
improvement of blood flow.
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It has been reported that some amino acids, including the ones that are not
the main constituents of collagen, have a function in enhancing collagen
synthesis.

There are some reports on the marked effect that arginine has on collagen
synthesis. These functions have been reported in multiple cell lines, such
as meniscus cells, fibroblasts, and osteoblasts (Fig. 15.4) [19-21].

Ornithine and arginine are reported to promote wound healing [22,23].
Enteral administration of ornithine to bum patients suppresses the urinary
excretion of hydroxyproline, a marker of collagen degradation, throughout
the period of treatment with ornithine [24]. It is well known that glutamine
also enhances collagen synthesis [25,26].

One report has shown that collagen synthesis in rats is enhanced by
combined administration of arginine and glycine, a collagen constituent,
in the diet (Fig. 15.5) [27]. These findings indicate that a parallel intake
of collagen synthesis-promoting substances such as arginine and other

Figure 15.4 Promotion of collagen synthesis by arginine. Arginine
(10 mM, 15 mM, and 20 mM) and tritium-labeled proline were added to a
confluent meniscus cell culture system. The amount of collagen synthesis
was determined by measuring the amount of labeled proline incorporated
into the collagen. *P < 0.05 (vs. control), ** P < 0.005 (vs. control).
Modified from Cao et al. 1998 [19].
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Figure 15.5 Promotion of collagen synthesis by administration of
arginine and glycine. Mature rats (4 months old) and old rats (24 months
old) received a diet containing 2.4% arginine hydrochloride and 1.0%
glycine for 7 days before and after a laparotomy. Polyvinyl alcohol
sponges were implanted in the peritoneal cavity during the laparotomy
and harvested on the seventh postoperative day.The amount of collagen
synthesis was determined by measuring the amount of hydroxyproline
in the sponges. *Different letters indicate significant difference. P < 0.05
(vs. control, Duncan's multiple-range test). Modified from Chyun and
Griminger 1984 [27].

amino acids is required for the optimum enhancement of collagen synthe
sis in the skin.

Hydroxyproline is a primary constituent of collagen (9-15%) and found
almost exclusively in collagen. It is produced by hydroxylation of proline.
In several studies, it has been shown that hydroxyproline enhances the col
lagen synthesis. Hydroxyproline enhances the proliferation activity of
dermis-derived cells in vitro (Patent No. US 6692754) and increases the
amount of collagen synthesized [28].

The acceleration ofthe secretion ofgrowth hormone Growth hormone is
known for its stimulatory effect on the synthesis of proteins including
collagen. It enhances muscle building, accelerates wound healing, and
improves the elasticity of skin [29]. It has been reported that oral adminis
tration of ornithine, arginine, glutamine, and GABA to healthy human
volunteers raises the level of growth hormone in the plasma [30-39].
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15.2.3 Protection against UV Damage (Antioxidant Activity)

UV rays from sunlight penetrating deep into the skin can damage the
collagen in the dermis, resulting in wrinkles, loss of firmness, and sagging
skin. This is referred to as photoaging, with 80% of senescence in sunlight
exposed areas, such as the face, being associated with sun damage. It is
recommended that protective measures should be taken, not just during the
summer, but also throughout the year.

Skin color is dependent on the type and amount of melanin pigment present.
Melanin is a substance created by epidermal melanocytes, which are
melanin-producing cells that play an intrinsic role in protecting the skin
from skin disorders caused by exposure to UV rays. However, exposure
to a large amount of UV radiation triggers overproduction of melanin
and simultaneously increases the number of melanocytes, which results in
spots, freckles, and a darker complexion. It is further known that when
metabolism slows with age, the melanin excretion capability of the epider
mis is reduced, causing pigmentation and spots. It is therefore necessary to
suppress melanin production. There are two basic mechanisms by which
this can be done.

One way to suppress melanin production is through antioxidant activity
that removes reactive oxygen species (ROS) generated by UV radiation.
ROS are believed to trigger melanin synthesis by melanocytes. Antioxidants
such as glutathione, which is present in the cells, prevent melanogenesis in
melanocytes by helping to scavenge ROS. Glutathione is a powerful
antioxidant. Glutathione is composed of three amino acids: glutamic acid,
cysteine, and glycine, bonded together (gamma-glutamyl-cysteinyl-glycine).
It is reported that intact glutathione is absorbed Na-dependently by small
intestinal epithelial cells [40].

Cysteine, methionine, and histidine also have antioxidant effects. Methionine
has free radical scavenging ability [41] and thus is regarded as an antioxidant.
Histidine has been reported as an antioxidant that suppresses the production
of superoxides in a cardiac ischemia-reperfusion model [42]. The antioxidant
effects of arginine and citrulline have been also reported [43,44].

Another approach to melanin suppression is the incorporation of substances
that inhibit the melanin synthesis reaction. Melanin is synthesized through
multiple steps by tyrosinase, using tyrosine as a precursor in melanocytes,
suggesting that a tyrosinase inhibitor might be effective as a UV-protection
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Figure 15.6 Suppression of melanogenesis by glutathione and cysteine.
The effect of sulfur-containing compounds during melanogenesis was
confirmed using mushroom tyrosinase. Glutathione and cysteine
(1 mM each) were added to the medium, with the tyrosinase enzyme
at 40 llg/ml, and the amount of tyrosine bound to melanin was measured
and compared with that in the control. Modified from Jara et al. 1988 [45].

agent. Glutathione and cysteine have been confirmed not only to be anti
oxidants but also to be inhibitors of tyrosinase activity in mouse melanoma
cells (Fig. 15.6) [45], thus suppressing melanin synthesis in melanocytes.
Furthermore, cysteine has been reported to have the effect of suppressing
skin pigmentation [46,47].

15.3 The Effects on Skin of Oral and Topical
Administration of Amino Acids

Studies on the effects on skin of oral and topical administration of several
amino acids have been conducted.

15.3.1 Hydroxyproline

15.3.1.1 Physiological Function

Hydroxyproline is a major component of collagen, present in skin, con
nective tissues, and bones, accounting for 9-15% of the amino acid com
position of collagen. It plays an important role in the formation
and stabilization of collagen's triple-helix structure, protecting it against
digestion by proteolytic enzymes [48].
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Kyowa Hakko's own studies on hydroxyproline, over several years, revealed
some unique benefits of hydroxyproline as an internal beauty ingredient.
Hydroxyproline enhanced the proliferation of cultured human epidermal
cells and the effect of hydroxyproline on the proliferation of collagen by
cultured human fibroblast cells has been under investigation.

15.3.1.2.1 Hydroxyproline Enhances the Proliferation of
Cultured Human Epidermal Cells

The proliferation of human epidermal cells was measured by the MTT
method, which involves the colorimetric determination of MTT formazan
produced by the incorporation of 3-(4,5-dimethylthiazo2-yl)-2,5-dipheny
2H-tetrazolium bromide (MTT) into the cells. The measurement was
performed at a wavelength of 570 nm (reference =650 nm) [49].

Epidermal keratinocytes from a human newborn infant were cultivated in
KGM medium at 37°C under 5% CO 2• Then, hydroxyproline was added to
the medium and the cultivation was continued for an additional 4 days.
100 ul of MTT reagent (5 mglml in a phosphate buffer, pH 7.5, calcium
magnesium free) was added to the medium (1 mI), followed by cultivation
at 37°C under 5% CO 2 for 4 hours. After removal of the medium, MTT
formazan in the cells was extracted with isopropanol containing 0.4 molll
hydrochloric acid, and the measurement was performed at a wavelength of
570 nm (reference =650 nm).

An enhanced proliferation of the cultured epidermal cells was observed in
the hydroxyproline-treated cells (Fig. 15.7).

15.3.1.3 Oral Administration of Hydroxyproline

The effect of 8 weeks of oral supplementation of hydroxyproline (Kyowa
Hakko's Lumistor", a natural, fermentation-based amino acid) was exam
ined in a double-blind, placebo-controlled study with female volunteers
over age 47 who had chronic dry, rough skin. The facial skin moisture
content and the perception of their skin condition were evaluated on day 0,
week 4, and week 8.

Study Objective: Determine improvement of dry and rough
skin conditions after 8 weeks of dietary supplementation of
hydroxyproline (Lumistor").
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Figure 15.7 Enhancement of proliferation of epidermal cells. The bar
indicates the relative value of MTT compared with that (100%) in the
absence of hydroxyproline (HYP). Results are given as mean ± SO.
Statistical analysis is performed using Dunnett's multiple comparison test
after one-way analysis of variance (ANOVA).

Materials: Placebo (com starch) and Lumistor" capsules, 2 glday,
respectively.

Subjects: Twenty-seven female volunteers (ages between 47
and 66) with chronic dry, rough skin, visually determined by
trained technicians, were divided into two groups.

Protocol: Subjects ingested 2 g/day of Lumistor" or placebo,
respectively, for 8 weeks. Subjects visited the testing center
on day 0, week 4, and week 8, and their facial skin mois
ture content (cheeks) was examined by trained technicians at
baseline and again at weeks 4 and 8 using the Comeometer
methodology (Courage and Khazaka Electronic GmbH, Koln,
Germany). Participants were also asked to give a subjective
assessment of the condition of their skin, using a scale of
1-10.

Results: After 8 weeks of dietary supplementation with Lum
istor", skin moisture content improved significantly as com
pared to the placebo (Table 15.3). The volunteers' perceptions
of facial skin elasticity and other skin parameters, includ
ing dryness and wrinkles, were also significantly improved
(Table 15.4).
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Improvement of Water Content (Arbitrary Unit)

Test Product 4 Weeks 8 Weeks

Hydroxyproline (Lumistor") 10.7 ± 4.8 21.5 ± 4.3*
Placebo 4.1 ± 3.8 4.4 ± 4.9

Values are the change of water content values from baseline, mean ± SEM, "P < 0.05,
significantly different from the values of the placebo group, unpaired t-test.

Table 15.4 Comparison of Volunteers' Perception of Facial Skin with
Dietary Supplementation of Hydroxyproline (Lumlstor") and Placebo
for 8 Weeks

Improvement of Perception Score Compared to Baseline

Skin Parameters Lumistor" Placebo

Elasticity 2.2 ± 0.7* 0.3 ± 0.5
Wrinkles 1.3 ± 0.5 -0.1 ± 0.5
Firmness 2.1 ±0.8 1.I ± 0.4
Dryness 1.9 ± 0.4 0.4 ± 0.7
Dryness around eyes and mouth 2.0± 0.7 0.7 ±0.7
Roughness 0.6 ± 0.5 0.6 ± 0.5
Itchiness due to rough skin 1.5 ± 0.6 I.l ± 0.3
Red patches, pimples, and other skin 2.2 ±0.7 0.6 ± 0.5

imperfections
Use of foundation creams and make-up -0.2 ±0.7 1.0 ± 0.8

make a difference in how you look

Volunteers' perception was evaluated by questionnaire on a scale of 1-10, with the larger
values showing better feelings on each item. Values are the change of score from baseline,
mean ± SEM. "P < 0.05 significantly different vs. placebo group, unpaired t-test.

15.3.1.4 Topical Application of Hydroxyproline

Inaddition to oral application, recent studies conducted with Kyowa Hakko's
natural, fermentation-based hydroxyproline (Lumistor") have shown that,
when topically applied, it moisturizes skin, reduces fine lines and wrinkles,
and enhances skin elasticity. This effect is enhanced by combining Lumistor"
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with a low molecular-weight hyaluronic acid (150,000-250,000 Da) and
vitamin C (US Patent 6497889).

15.3.1.4.1 Hydroxyproline and Low Molecular Weight Hyaluronic
Acid-Effect on Facial Lines and Wrinkles

Test Objective: Determine the reduction of superficial fine lines
and wrinkles after 7 weeks of treatment.

Test Materials: Hydroxyproline (Lumistor"); low molecular
weight hyaluronic acid (150,000-200,000 Da).

Test Products: Placebo cream base; 2% hydroxyproline in a
cream base; 2% hydroxyproline; and I% low molecular-weight
hyaluronic acid in a cream base.

Test Subjects: Three panels of 15 female volunteers (ages 45+)
with moderate signs of clinical aging (superficial fine lines and
wrinkles).

Protocol: Participants applied the treatment products twice a
day (am and pm) after thorough cleansing, to designated sites
of the face. Subjects visited the testing center at day 0, week 2,
week 5, and week 7.

Measurement of Superficial Fine Lines and Wrinkle Reduction:
Superficial fine lines and wrinkle reduction were assessed visually
according to Packman et al. (1978) [50]. The shallowness, depth,
and total number of superficial fine lines and wrinkles of each sub
ject were analyzed and scored via image analysis using replicas.

Results: The addition of 2% hydroxyproline (Lumistor") to a
cream base decreased fine lines and wrinkles by 25.3 and 32.7%,
respectively, after 5 weeks and 7 weeks of treatment (Fig. 15.8).
Addition of 1% low molecular weight hyaluronic acid (150,000
200,000 Da) to the hydroxyproline- (Lumistor") containing
cream decreased fine lines and wrinkles by 35.8% and 45.0%
respectively, after 5 weeks and 7 weeks of treatment, suggesting
synergy and enhanced penetration into the skin (Fig. 15.8).

15.3.1.4.2 Hydroxyproline, Low Molecular-Weight Hyaluronic
Acid and Vitamin C-Effect on Fine Lines and Wrinkles

Test Objective: Determine antiwrinkling effects after 6 weeks
of treatment.
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Figure 15.8 The effects of hydroxyproline and a combination of
hydroxyproline and low molecular-weight hyaluronic acid on facial line
and wrinkles.

Test Materials: Hydroxyproline, low molecular-weight hyalu
ronic acid (150,000-250,000 Da), and vitamin C.

Test Products: 2% hydroxyproline and I% low molecular
weight hyaluronic acid in a cream base; 2% hydroxyproline,
low molecular-weight hyaluronic acid, and 5% magnesium
ascorbyl phosphate in a base cream.

Test Subjects: Two panels of 15 female volunteers (ages 45+),
with moderate signs of clinical skin aging (superficial fine lines
and wrinkles).

Protocol: Participants applied the treatment products twice a
day (am and pm), after thorough cleansing to designated sites
of the face. Subjects visited the testing center at day 0, week 2,
week 4, and week 6.

Measurement ofSuperficial Fine Lines and Wrinkle Reduction:
Superficial fine lines and wrinkle reduction was assessed visu
ally according to the Packman et al. (1978) [50]. The shallow
ness, depth, and total number of the superficial fine lines and
wrinkles of each subject were analyzed and scored via image
analysis using replicas.

Results: The combination of2% hydroxyproline (Lumistor") and
1% low molecular-weight hyaluronic acid (150,000-200,000 Da)
in a cream base decreased superficial fine lines by 30.4%
and 47.6% compared to baseline after 4 weeks and 6 weeks
of treatment (Fig. 15.9). The addition of 5% magnesium
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Figure 15.9 The effectof a combination of hydroxyproline and low
molecular-weighthyaluronic acid and vitamin C on facial linesand wrinkles.

ascorbyl phosphate to the 2% hydroxyproline and I% low
molecular-weight hyaluronic acid-containing cream, decreased
the superficial fine lines by 38.3% and 58.8%, respectively,
compared to baseline after 4 weeks and 6 weeks of treatment,
suggesting enhanced activity in the skin (Fig. 15.9).

15.3.2 Ornithine

15.3.2.1 Physiological Function

Ornithine is not an amino acid constituent of proteins, but it has many
functions. In the body, as a component of the ornithine cycle, it plays a role
in ammonia detoxification and it has the enhancing action on the immune
system by activating macrophages and NK cells [51].

Ornithine enhances the secretion of growth hormone by stimulating the
pituitary [52], thereby stimulating collagen synthesis, accelerating wound
healing, aiding in intestinal mucosal repair, and reinforcing muscles. In
addition, it is a precursor of poliamines [53]. Poliamine is a cell growth
factor that plays a role in tissue growth [53]. It was reported that the admin
istration of ornithine improved intestinal mucosal repair by stimulating
polyamine synthesis [54]. It has been known that ornithine promotes pro
line and collagen synthesis [25,26].
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The effect of 3 weeks of oral supplementation of ornithine (Kyowa Hakko's
natural fermentation-based ornithine), was examined by a double-blind,
placebo-controlled study with healthy men and women ages 45-65. The
perception of their skin condition was recorded at the beginning and the
end of the test.

Objective: Investigate the volunteers' perception of facial skin
conditions after 3 weeks of dietary supplementation of ornithine.

Materials: Placebo (lactose) and ornithine capsules (800 mg of
ornithine; 1021 mg of ornithine hydrochloride), manufactured
by Kyowa Hakko.

Subjects: Fourteen healthy individuals (ages between 47 and
65) were divided into two groups.

Protocol: Subjects ingested 800 mg/day of ornithine or pla
cebo, respectively, for 3 weeks. A subjective-assessment ques
tionnaire, using a visual analogue scale [55] to evaluate the
subjects' perception objectively, was administered at the begin
ning and the end of the test.

In the questionnaire, the subjects were asked to provide rating
on a scale that they felt best described their level of response
to the questionnaire items, with descriptions serving as a refer
ence on both ends of the scale. The difference before and after
the test was obtained by measuring the distance from the left
end of the scale to the points marked by each subject. The pro
portion of the difference to the baseline value was expressed as
a percentage, and the values obtained were expressed in terms
of an average improvement rate (%).

Results: The average improvement rate for complexion, facial
wrinkles, and elasticity of the facial skin showed significant
improvements compared with the placebo group; the average
improvements for other questions were also elevated in the
ornithine group (Fig. 15.10).

15.3.3 Glutamine, Alanyl Glutamine

15.3.3.1 Physiological Function

Glutamine is an essential nutrient for cells. Glutamine is a major energy
source for many cells and a precursor of purines and pyrimidines. As a
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Figure 15.10 Comparison of volunteers' perception of facial skin
with dietary supplementation of ornithine and placebo for 3 weeks.
Index for skin texture: The difference in the value before and after
the test was obtained, and the proportion of the obtained value to
the baseline value was expressed as a percentage. The values shown
in the graphs are mean value ± SO. An unpaired t-test was conducted
to test for a statistically significant difference. »P < 0.05, **p < 0.01
vs. placebo.
The items contained in the questionnaire are as follows:
• [Complexion] Having a good complexion f-~ pale (dark face)
• [Pigment freckle on the face and body] Not concerned about f-~

Very concerned about
• [Facial wrinkles] Not concerned about f-~ Very concerned about
• [Dryness around the eyes and mouth] Moist f-~ Dry
• [Elasticity of the facial skin] Elastic f-~ Flabby
• [Oiliness of the face] None f-~ Very oily
• [Skin roughness of the cheeks and jaw] Not concerned about f-~

Very concerned about

consequence, glutamine sustains proliferation of rapidly dividing cells
(e.g., enterocytes, lymphocytes, and fibroblasts). In the body, glutamine is
the most common amino acid, found in the blood or intracellular pool,
accounting for 50-60% of the amino acids in skeletal muscle and 20% or
more in plasma.



15: AMINO ACIDS AND PEPTIDES, NOGUCHI AND DJERASSI 307

Glutamine has a wide variety of important physiological functions in the
body such as energy supply, stimulation of protein synthesis (acceleration
of growth hormone secretion), wound healing, immuno-stimulation, and
anti-inflammatory action. As for glutamine's effects on skin, it accelerates
collagen and glycosaminoglycan (e.g., chondroitin sulfate, hyaluronic acid)
synthesis. However, problems associated with physical properties of
glutamine, such as a poor stability in water and low solubility, limit its use,
despite its nutritional effectiveness.

Alanyl glutamine (Ala-GIn) is a stable dipeptide, consisting of the two
amino acids alanine and glutamine. Alanyl glutamine is useful as a stable
source of glutamine, with high stability to both heat and acids and high
solubility (Figs. 15.11 and 15.12, and Table 15.5). In various research
studies, it was shown that Ala-GIn has an equal or greater effect than
glutamine in the body.

15.3.3.2 In Vitro Study

It has been known that the amount of glutamine required for optimal
growth of mammalian cell cultures is 3-10 times greater than the amount
of any other amino acids [56] and that the functions of human fibroblasts
are highly dependent on glutamine availability [26].

100 • • • • •
Alanyl glutamine

80

•
60

•
40 • •Glutamine

20
0 2 4

Time(h)

Figure 15.11 Residual ratio at pH 1, 3rC (29/1).
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Figure 15.12 Residual ratio after treatment at 122°C for 20 min. The
stability of Ala-Gin in aqueous solution was compared with that of glutamine
(Gin). Glutamine is unstable, whereas Ala-Gin has an excellent stability in
aqueous solution. Ala-Gin can be sterilized by boiling and heating.

Table 15.5 Comparison of the Aqueous Solubility of Ala-Gin with
Gin and Gly-Gln

Name of Substance

Gin
Gly-Gln
Ala-Gin

Solubility (gil, 25°C)

53.7
154
568

The aqueous solubility of Ala-Gin was compared with that of other substitutes for
glutamine, including glutamine itself. The solubility of glutamine is 53.7 gil, whereas that
of Ala-Gin is 568.0 gil. Ala-Gin has a greater solubility than Gly-Gln (154.0 gil), a substitute
for glutamine that is similar to Ala-Gin.

15.3.3.2.1 Acceleration of Collagen Synthesis [25J

The effect of glutamine on collagen biosynthesis in confluent human skin
fibroblasts was determined at various times of incubation. Normal human
skin fibroblast cells were incubated for 6 hours, 12 hours, and 24 hours
with a medium containing 5% serum supplemented with or without
0.25 mM glutamine in the presence of 5-[3H] proline. Incorporation of the
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Figure 15.13 Time course experiment for collagen synthesis in
fibroblasts treated with glutamine. Modified from Karna et al. 2001 [25].

radioactive material into proteins susceptible to the action of purified col
lagenase was determined.

It was found that glutamine induced increase in collagen biosynthesis to
approximately 112%, 115%, and 230% of control values (Fig. 15.13).

15.3.3.2.2 Acceleration ofGlycosaminoglycan Synthesis
by Glutamine [57]

The articular cartilage, aorta, and skin tissues derived from chicken
(-100 g each) were pre-incubated with a medium (Eagles basal medium
containing 0.5 mM glycine and buffered at pH 7.2 with 20 mM HEPES)
not containing glutamine in an atmosphere of 100% oxygen. After
I hour the medium was replaced by fresh medium, either with or without
glutamine (I mM), then 20 ~Ci of [3H] acetate was added to each
medium, which was then incubated for an additional 4 hours. Glycosarnin
oglycan biosynthesis by the tissues was measured by the uptake of [3H]
acetate.

The observations presented in this work suggest that glutamine is required
to sustain glycosaminoglycan synthesis in cultured chick chondrocytes
(Fig. 15.14).
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Figure 15.14 Effect of glutamine on glycosaminoglycan synthesis by
various avian connective tissues. Modified from Handley et al. 1980 [56].

15.3.3.2.3 Proliferation ofCells from Human Intestinal Mucosal
Tissues in Culture Media with Ala-Gin or Gin [58]

Either glutamine (GIn), Ala-GIn, or saline (control) was added at 2 mM
to the culture of the normal human ileum, proximal rectum, and sigmoid,
and then these samples were incubated for 2 hours. After 2 hours of
incubation, 200 mollL BrdUrd and 20 mollL fluorodexyuridine were added
to the samples for an additional 2 hours. The uptake of BrdUrd into crypt
cells was then measured, serving as an indicator of cell proliferation.

As a result, Ala-GIn as well as glutamine stimulated crypt cell prolifera
tion in the ileum, proximal rectum, and sigmoid. No significant differ
ence was observed in cell proliferation between Ala-GIn and glutamine
culture media when human intestinal mucosa tissues were incubated
(Fig. 15.15).

15.3.3.2.4 Efficacy ofAla-Gin as a Cell Culture Media Component [59]

In this study, four fibroblastic cell lines derived from human amniotic
fluid were used. The cells were first cultured in RPMI medium supple
mented with sodium bicarbonate, glutamine (2 mM), penicillin (100 U/ml),
streptomycin (l00 ug/ml), amphotericin B (2 ug/ml), and 10% fetal calf
serum until homogeneous fibroblast monolayers devoid of epithelioid
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Figure 15.15 Mean number of cells in the human ileum, proximal
rectum, and sigmoid incorporating BrdUrd per crypt.

cells were obtained. The cells were detached by trypsinization and resus
pended in glutamine-free supplemented RPM I. Twenty-four hours later,
the medium was discarded and replaced by 2% FCS/RPMI with or
without 2 mM of alpha-ketoisocaproyglutamine (Kic-Gln), glutamine,
Ala-GIn, or acetylglutamine. Protein content was assayed every 24 hours
for 72 hours.

As a result, cellular protein content increased progressively throughout the
experiment in the glutamine-containing cultures, especially in glutamine
and Ala-GIn groups, versus the glutamine-free cultures (Table 15.6).

This result shows that Ala-GIn is as effective as glutamine in promoting
growth of cultured fibroblasts.

15.3.3.3 Clinical StUdy

Alanyl glutamine (Ala-GIn) has been applied to total parenteral nutrition
(TPN) because of its effects in the improvement of the metabolic system,
maintenance of the function of the gastrointestinal tract, and maintenance
of immune functions [60].
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Table 15.6 Effect of Various Glutamine-Containing Compounds on
Protein Content of Cultured Fibroblasts

Day 1 Day 2 Day 3 Day 4

GIn-Free
GIn
Ala-Gin
Acetylglutarnine
Kic-Gln

27.7±2.231.6±2.5
35.2 ± 1.0
36.4 ± 1.2
34.2 ± 1.7
38.1 ± 2.2

35.5 ± 1.6
48.5 ± 2.9**
54.7 ± 3.0**
40.4 ± 3.4

48.8 ± 3.8**

45.2 ± 3.7
93.8 ± 8.1***
102.2 ± 12.0**

74.9 ± 8.7*
79.8 ± 7.7*

Results are expressed as ug protein/dish.
"P < 0.05, **p < 0.001 vs. glutamine-free cultures.

The effect of the addition of Ala-GIn on intestinal permeability in patients
who had undergone excision of extensive dry eschar (scab) in bum wounds
was studied. Thirty patients with injuries that covered 30-50% of their
total body surface areas, or with third degree bums that covered 15-25%
of their total body surface, were divided into an Ala-GIn group and a
control group.

The Ala-GIn group was given TPN containing 0.5 g/kg (B.W.)/day of
Ala-GIn (equivalent to 0.35 g of glutamine/kg [B.W.]/day) (35 ±5 kcal/kg
[B.W.]/day, 0.25 ± 0.05 gN/kg [B.W.]/day) from post-operative day 1
(POD-I) to day 12 (POD-12), whereas the control group was given an
isoenergetic and isonitrogenous standard regimen without Ala-GIn.

The time period required for wound healing was shorter in the Ala-GIn
group compared with the control group (32 ± 3 days in the Ala-GIn group
vs. 37 ± 6 days in the control group, P < 0.012). The infection rate was
lower in the Ala-GIn group (13% in the Ala-GIn group vs. 26% in the
control group).

15.4 Summary

Amino acids play important roles in "skin beautification." Proteins such as
keratin and collagen can act as moisturizers and also serve as protectors
and building blocks of the skin.

Skin cell turnover, which is an important process in maintaining and
renewing beautiful skin, is enhanced by amino acids, thus promoting skin
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regeneration. Furthermore, a UV-protection effect is provided by amino
acids with antioxidant properties. Amino acids are thus vitally important
in the field of beautification.

Cosmetics are applied topically in order to beautify skin, hair, and nails.
However, because the stratum corneum is a barrier, penetration of benefi
cial actives into the skin is limited at times. In view of these studies, for
optimal efficacy, a combination of topical and oral supplementation is
recommended.

In recent years the concept of "beauty from within," which is based on oral
delivery of actives, has become popular in the US, Europe and Asia,
because it can be quite effective in beautifying and improving the skin
condition.
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elastin, and ceramides are components of the skin's extracellular matrix.
Ceramides and glucosylceramides are contained in the stratum corneum
of the epidermis and play roles in the barrier function and moisturization
of the skin. Some of these components can be extracted and purified
from plants. Rice ceramide extracted from rice germ and bran consists of
at least six types of glucosylsphingolipids. This extract supports skin
moisturizing and barrier function, suppresses melanin synthesis, pro
motes cell proliferation, and acts anti-inflammatorily and antiallergically.
Therefore, application of rice ceramide in cosmeceutical products and as
dietary supplements should be beneficial for maintaining a healthy skin
extracellular matrix. Besides rice ceramide, we found that litchi seed
extract, purple rice extract, and grape extract inhibit skin-tissue-degrading
enzymes, for example collagenase, hyaluronidase, and elastase. Selective
and combined application of these extracts is thus expected to help main
tain skin health.

16.1 Introduction

Indevelopment of new skin care products, raw materials with novel phys
iological functions and proven safety playa key role. Choice of synthetic
or natural materials for cosmetic composition depends on their cost,
safety, and effectiveness. With a safe, novel, and ecological image, more
and more consumers are favoring natural cosmetic components recently.
In addition, consciousness of environmental aspects has led to the
increased demand for organic cultivation, non-solvent extraction, and
non-animal- and non-fish-derived materials. We have developed a number
of extracts from various plants for application in foods and cosmetics.
Ceramide, a skin component with moisturizing activity, can either be syn
thesized or extracted from plants such as rice, wheat, and corn. The demand
for plant-derived ceramides, which can be used for both cosmetics and
foods, is increasing. In this chapter, we introduce skin-healthy effects of
rice-derived ceramide. We also describe beauty effects of litchi seed extract,
purple rice extract, and grape extract.

16.2 Rice Ceramides

16.2.1 Ceramides in Skin

In 1884, ceramides were found in human brain tissues, and later in skin
and mucosal tissue. Human skin consists of epidermis, corium, and tela
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subcutanea. The epidermis is classified into four layers, namely the stra
tum corneum, stratum granu1osum, stratum spinosum, and stratum basale
(Fig. 16.1). More than six types of ceramides have been identified in human
skin (Fig. 16.2) [1,2]. These ceramides are produced via several biosynthetic
pathways in the epidermis and accumulated in the stratum corneum as the
major constituent lipids (40-60% of the total lipids). In the epidermis,
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ceramides play an important role in forming lamella phases and in main
taining barrier function [3].

Imokawa et al. [4] demonstrated that the content of skin ceramides declines
with age (Fig. 16.3). Forearm skin of elderly persons (especially those older
than 70 years) is often xerotic, suggesting an association between ceramide
decrease and skin drying. Marked reduction of ceramides was found in both
lesional and nonlesional forearm stratum corneum of patients with atopic
dermatitis (Fig. 16.4). These findings suggest that cerarnides are a key factor
for moisture maintenance and barrier function of the stratum corneum. A
decrease in ceramide content is also thought to be associated with wrinkle
formation. Thus, a sufficient amount of ceramides is considered to be essen
tial for maintaining healthy skin.

16.2.2 Rice Ceramide

Rice (Oryza sativa L.) has been widely grown in Southeast Asia, not only
as a major crop but also as an integral part of traditional culture and lifestyle
in many Asian countries. In recent years, attention has been focused on
rice bran and rice germ for its unique bioactive compounds and non-GMO
profile. We have developed a number of products extracted from rice bran
and rice germ as functional ingredients in medicines and cosmetics, as
dietary supplements, and as food additives. One such functional compound
is rice ceramide, which supports barrier function and moisture of skin.
Rice ceramide contains a large amount of glucosphingolipids, which have
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Figure 16.3 Ceramide content of the stratum corneum in healthy
subjects of various ages [4].
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Figure 16.4 Ceramide contents in forearm skin of healthy subjects and
atopic dermatitis patients [4].
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similar chemical structures to those from animals. Rice-derived glu
cosphingolipids consist of sphingoid bases conjugated with fatty acids by
amide linkages. The terminal hydroxyl group is substituted to glucose.
Glucosphingolipids are classified into different species depending on the
structure of their sphingoid bases and fatty acids. Koga et al. identified
more than 20 types of sphingolipids in rice bran [5]. We have identified
four additional types of ceramides that are the major glucosphingolipids in
rice bran (Fig. 16.5).



324 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

16.2.3 Digestion, Absorption, and Transport of Ceramides

Digestion, absorption, and metabolism of plant -derived sphingolipids have
been studied by Schmelz et aI. [6]. They examined the distribution and
metabolism of sphingolipids in the intestine by tracing radio-labeled sphin
gomyelin in mice. Sphingomyelin appeared in all parts of the intestine,
and most of it was catabolized to ceramides and their metabolites. Only
1% of undigested sphingomyelin was transferred from intestine to liver
30-60 minutes after administration. Transport of sphingomyelin and its
metabolites from the intestinal canal to other tissues is thus not efficient. The
absorption and metabolism of sphingolipids vary depending on the types of
ceramides. Duan et aI. [7] reported that sphingomyelin is digested by alkaline
sphingomyelinase mainly in the middle and lower areas of the small intestine
and that alkaline sphingomyelinase plays an important role in the first stage
of digestion. Other researchers reported the effectiveness of oral application
of ceramides for skin diseases. Kimata [8] gave ceramide (1.8 mg/day) to
children with moderate atopic dermatitis for 2 weeks and confirmed that the
treatment improved skin symptoms and reduced allergic responses. Asai and
Miyachi [9] reported that topical application of rice ceramides for 3 weeks
enhanced water contents in the stratum corneum. Thus, it is likely that at least
a part of digested ceramides can be absorbed and can reach damaged skin,
where they improve skin condition by retaining moisture.

16.2.4 Cosmeceutical Function of Rice Ceramide

In the past, mainly synthetic and animal-derived ceramides have been used
for cosmetics. In recent years, risk of bovine spongiform encephalopathy
has raised a safety concern for using cattle-derived ceramides. Conse
quently, more attention has focused on plant ceramides such as rice cer
amide, which is considered suitable for both food and cosmetics. In this
section, we review several cosmeceutical functions of rice ceramide. Most
importantly, rice ceramide possesses an excellent moisturizing effect for
skin, superior to that of ceramides from other plants, such as elephant foot
and wheat, as demonstrated in our in vitro experiments (Fig. 16.6). Also,
topical application of ceramide has been reported to improve skin moistur
ization [9,10]. Moreover, ceramide is effective in improving atopic derma
titis in animals and humans [11-13]. These observations suggest that
ceramide is effective for supplementation of moisture for dry skin.

In addition, ceramide possesses an antipigmentation activity. We found that
rice ceramide (100 ug/ml) inhibited melanin production in B16 melanoma
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Figure 16.6 Moisturizing effect of plant-derived ceramides. Each
ceramide was suspended in water at 3% solution in test tubes, and
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cells in vitro (Fig. 16.7[a]). At the same concentration, activity of rice
ceramide was higher than that of ascorbic acid, arbutin, and ellagic acid.
Similar to kojic acid, rice ceramide exhibited a similar concentration
dependent activity in inhibiting melanogenesis (Fig. 16.7[b]).

In collaboration with Professor Igarashi at Hokkaido University, we found
that suppression of melanin formation by ceramides involves inhibition
of tyrosinase, which is a key enzyme for melanin synthesis. As shown in
Fig. 16.8, rice glucosphingolipids exhibited an inhibitory effect on tyrosi
nase and on melanin production in a concentration-dependent manner. In
addition to the tyrosinase inhibitory activity, ceramide has been reported to
affect other pathways leading to melanin production. Kim et al. [14] found
that C(2)-ceramide suppressed proliferation of mouse melanocytes in vitro
via inhibition of the Akt/protein kinase B (PKB) activation that produces
phosphorylated AktIPKB. Moreover, using human melanocytes, they found
that C(2)-ceramide decreased the protein expression of microphthalmia
associated transcription factor, which is required for tyrosinase expression.
They further reported that C(2)-ceramide induced delayed activation of
extracellular signal-regulated protein kinase (ERK) and AktIPKB, which
may lead to suppression of cell growth and melanogenesis [15]. These find
ings suggest that ceramide is effective in preventing skin pigmentation.

Ceramides also enhance proliferation of dermal fibroblasts. As illustrated
in Fig. 16.9, except wheat-derived ceramide, all ceramides enhanced cell
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Figure 16.7 Inhibitory effect of rice ceramide on melanin production
in melanoma. (a) Comparison of rice ceramide with positive control
at 100 Ilg/ml. (b) Dose response of kojic acid and rice ceramide.
816 melanoma cells (2x10 3 cells/ml) were pre-incubated for 24 hours
and the medium was replaced with new media containing 100 Ilg/ml
emulsified glucosphingolipids (>90% of purity) or kojic acid. After 2-day
incubation, the medium was replaced with fresh media, followed
by another 2-day incubation. Cells were lysed in 2N NaOH, and
absorbance was measured at 450 nm. The value was normalized
by the cell number.

proliferation at 300 ug/ml whereas rice ceramides exhibited the most
potent proliferative effect. The proliferative effect of ceramides seems to
be mainly via the mitogenic activity of sphingosine-I-phosphate [16,17].
In contrast, apoptotic activity on murine keratinocytes has been reported
for ceramide [18]. Marchell et al. [19] also reported that ceramide inhibits
mitosis and induces terminal differentiation and apoptosis in keratinocytes.
However, they also found mitogenic activity in glucosylceramide. Rice
ceramides contain large amount of glucosylceramides (Fig. 16.5) and are
thus expected to have an overall proliferative effect for keratinocytes.

We described in a previous section that topical and oral application of cer
amides is effective against atopic dermatitis. Besides their moisturizing effect
and barrier function, ceramides exhibit antiallergic and anti-inflammatory
activities. We evaluated the effect of rice ceramide against itch in mice induced
by compound 48/80 via mast cell degranulation histamine release in skin [20].
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Figure 16.8 Effects of rice glucosphingolipid on tyrosinase activity (left)
and melanin production (right) in melanoma. Each column represents
mean with the SE. For determination of tyrosinase activity, mouse
melan-a cells (1 x104 cells/well) were incubated for 24 hours in RPMI
1640 medium containing 200 nM phorbor-12-myristate-13-acetate.
The medium was replaced with new medium containing ceramide
(glucosphingolipids: >95% of purity) and cultured for 2 days. Cells were
lysed with PBS and the tyrosinase activity of lysate was determined
using L-DOPA as a substrate. For evaluation of melanin production ability,
melan-a cells (3x10 5 cells/well) were cultured with ceramide under the
same culture condition described above. Cells were lysed in 1 N NaOH,
and absorbance was measured at 405 nm.

Figure 16.9 Proliferative effect of various glucosphingolipids on human
dermal fibroblasts. (1) Control, (2) rice ceramide, (3) elephant foot
ceramide, (4) corn ceramide, (5) wheat ceramide. All ceramides contain
more than 95% glucosphingolipids. Hatched and solid column represent
100 Ilg/ml and 300 Ilg/ml, respectively. Human dermal fibroblasts
(HS-K, 1x105 cells) were cultured with various ceramides for 72 hours.
Cell growth was determined by MTT assay.
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Figure 16.10 Effect of rice ceramide on scratching behavior in mice
induced by compound 48/80. Mice (ddY strain, male) were fed with rice
ceramide (0.15-0.5%) freely for 3 days. Compound 48/80 solution (3%)
was injected into the cervical skin. The scratching action was counted for
30 minutes after they started to scratch.

Table 16.1 Inhibitory Effect of Ceramide on Degranulation from
RBL-2H Cells

Origin

Rice
Wheat
Elephant foot

Corn

Inhibition (% )

87.3 ± 2.2
82.2 ± 5.9
70.8 ± 5.9
64.2 ± 5.4

Sample concentration: 1 mg/ml, mean ± S.E., n = 6.

In the model, continuous oral administration of rice ceramide decreased
scratching action in mice in a dose-dependent manner (Fig. 16.10), suggesting
an antiallergic effect of rice ceramide. We then examined the effect of plant
derived ceramides on degranulation in sensitized mast cells (RBL-2H3). All
of the plant ceramides inhibited mast cell degranulation at 1 mg/ml, with
rice ceramide being the most potent (Table 16.1). The inhibitory mechanism
of ceramides on mast cell degranulation likely involves suppression of phos
phorylation of ERKl/2 and p38 mitogen-activation of protein kinase [21].
In contrast, several glycosphingolipids are reported to be mast cell activa
tors. Prieschl et al. [22] reported that galactosylsphingosine enhanced relo
cation of the tyrosine kinases such as Lyn and Syk, leading to tyrosine
phosphorylation followed by mast cell activation. Phosphorylated ceramide
(ceramide l-phosphate) has been reported to play an important role in mast
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cell degranulation [23]. Masini et al. concluded that ceramide is a pro
inflammatory agent and that reducing ceramide levels is effective against
allergic disease [24]. Principal ceramides contained in plants are glucosyl
sphingolipids, which are different from ceramides in the above studies. Plant
ceramides may thus not act as inducers of allergic responses. However, fur
ther investigations are required concerning pro- and antiallergic activities of
various ceramides.

16.3 Other Plant Extracts as Inhibitors for Skin
Component Degradation

Strength and elasticity of skin are maintained by a balance of collagen,
elastin, and hyaluronic acid [25,26]. Distributed in the entire dermis of the
skin, collagen constitutes 90% of the dermis [27,28]. Hyaluronic acid is
widely distributed in tissues such as skin, synovial fluid, vitreous body,
and ligaments [29]. This skin tissue component is involved in cellular
adhesion, in cell protection, and in maintenance of moisture and flexibility
of the tissue. Skin loses moisture and tension, developing wrinkles and
sagging as the level of hyaluronic acid decreases. Elastin is distributed in
the dermis and is essential for maintaining appropriate elasticity and
strength of the skin [30]. These skin constituents are degraded by collage
nase, hyaluronidase, and elastase, respectively.

We have developed several plant extracts with inhibitory activities on
these enzymes (Table 16.2). Litchi seed extract is extracted from crushed
seed of Litchi chinensis with aqueous ethanol and contains saponins [31],

Table 16.2 Inhibitory Effects of Plant Extracts on the Enzyme Activities
Related to Skin Degradation

Specification rc; (ug/ml)

Collagenase Hyaluronidase Elastase

Litchi seed Polyphenols: 24% 59 290 45
extract

Purple rice Polyphenols: 30% >1,000 >2,500 180
extract Anthocyanins: 10%

Grape Polyphenols: 40% 130 150 5
extract Resveratrol: 10%
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tannins [31], flavonoid (leucocyanidin [32]), and anthocyanins (cyanidin
3-0-glucoside and mal vidin 3-0-glucoside). The biological effect of litchi
seed extract has not yet been well studied. Extract of seeds and pericarps
of red grapes contain polyphenols including flavonoids, anthocyanidins,
and resveratrol. Purple rice extract contains anthocyanins (cyaniding 3-0
glucoside and malvidin 3-0-glucoside) as the major constituents. Whereas
the former two extracts inhibit all three skin-component-degrading
enzymes [33-35], purple rice extract selectively inhibits elastase.

Litchi seed extract exhibited the highest collagenase inhibitory activity
(lC so=59 ug/ml), which is also higher than that of persimmon leaf extract
(lC so < 100 ug/ml) [36] and comparable to that of procyanidins isolated
from grape (Vitis vinifera) seeds (lC so value =38 11M) [37].

For hyaluronidase, the extract of seeds and pericarps of red grapes was the
most potent inhibitor, with an ICso of 150 ug/ml. Litchi seed extract also
inhibits this enzyme with an ICso of 290 ug/ml, For comparison, the ICso
of myrrha (oleoresin from the Commiphora mukul tree), a traditionally
natural product used for treatment of arthritis, for inhibiting hyaluronidase
is as high as 1,000 ug/ml [38]. Hederagenin and oleanolic acid, sapogen
ins isolated from horse chestnut (Aesculus hippocastanum), have been
reported to inhibit hyaluronidase with ICsovalues of280.4IlM and 300.2 11M,
respectively [39]. Similar types of saponins contained in litchi seeds are
likely the principal compounds for the hyaluronidase inhibitory activity. In
the case of grape extract, constitutive polyphenols including flavonoids,
anthocyanidins, and resveratrol seem to account for the hyaluronic inhibi
tory activity because this activity has been reported for flavonoid [40].

All three extracts exhibited inhibitory activity for elastase, but litchi seed
extract and grape extract are extremely potent (lC so value: 45 ug/rnl and
5Ilg/ml). For comparison, the ICsoofelastase-inhibitory activity in the extract
from black currant (Ribes nigrum L.) and lady's mantle (Alchemilla vulgaris
L.) was 560 ug/ml and 160 ug/ml, respectively, as reported by Jonadet et al.
after evaluating a number of plant extracts [41-43]. Hence, each of these
three extracts is likely effective for elastin stabilization in skin.

16.4 Conclusion

Plant-derived ceramides consist mainly of glucosphingolipids, which are
conjugated with glucose. In contrast, skin ceramides distributed in the
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stratum corneum are mainly sphingolipids. This difference in structures
has been the concern for different biological functionalities of plant- and
animal-derived and synthetic ceramides. We described the skin-health
promoting effect of rice ceramide in this chapter. In addition to the well
known barrier function and moisturizing effect, we found other novel
activities in rice cerami de, such as inhibition of melanin synthesis, pro
motion of fibroblast proliferation, and anti-inflammatory and antiallergic
effects. Supporting evidence for these skin-healthy effects of rice cer
amide can also be obtained from a number of studies on various types
of sphingolipids. Plant-derived ceramides can improve skin problems by
topical and oral application. Further studies on plant cerami des are in
progress that will provide more information supporting application of
these skin-health-promoting components in development of new cosmet
ics. We also introduced several other plant extracts that inhibit collage
nase, hyaluronidase, and elastase. These plant extracts are expected to
be able to improve disturbed skin turnover and suppress excessive deg
radation of skin components. Finally, as extracts from common crops or
cultivated plants, these natural materials are safe, ecological, and environ
ment-friendly. We believe that these plant materials can be widely applied
for various skin care products.

References

I. Stromberg N., Karlsson K.A. Characterization of the binding of propionibac
terium granulosum to glycosphingolipids adsorbed on surfaces. An apparent
recognition of lactose which is dependent on the ceramide structure. J. Biol.
Chem. 265, 11244-11250 (1990).

2. Robson K.J., Stewart M.E., Michelsen S., Lazo N.D., Downing D.T.
6-Hydroxy-4-sphingenine in human epidermal ceramides. J. Lipid Res. 35,
2060-2068 (1994).

3. Haugen M., Williams lB., Wertz P., Tieleman B.I. Lipids of the stratum cor
neum vary with cutaneous water loss among larks along a temperature-moisture
gradient. Physiol. Biochem. Zool. 76, 907-917 (2003).

4. Imokawa G., Abe A., Kumi J., Higaki Y, Kawashima M., Hidano A. Decreased
level of ceramides in stratum corneum of atopic dermatitis: An etiologic factor
in atopic dry skin? 1. Invest. Dermatol. 96, 523-526 (1991).

5. Koga J., Yamauchi T., Shimura M., Ogawa N., Oshima K., Umemura K.,
Kikuchi M., Ogasawara N. Cerebrosides A and C, sphingolipid elicitors of
hypersensitive cell death and phytoalexin accumulation in rice plants. J. Biol.
Chem. 273, 31985-31991 (1998).

6. Schmelz E.M., Crall K.J., Larocque R., Dillehay D.L., Merrill A.H. Jr. Uptake
and metabolism of sphingolipids in isolated intestinal loops of mice. J. Nutr.
124,702-712 (1994).



332 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

7. Duan R.D., Hertervig E., Nyberg L., Hauge T., Stemby B., Lillienau J.,
Farooqi A., Nilsson A. Distribution of alkaline sphingomyelinase activity in
human beings and animals. Tissue and species differences. Dig. Dis. Sci. 41,
1801-1806 (1996).

8. Kimata H. Improvement of atopic dermatitis and reduction of skin allergic
responses by oral intake of konjac ceramide. Pediatr. Dermato!. 23, 386-389
(2006).

9. Asai S., Miyachi H. Evaluation of skin-moisturizing effects of oral or percu
taneous use of plant ceramides. Rinsho Byori. 55, 209-215 (2007).

10. Takagi Y., Nakagawa H., Higuchi K., Imokawa G. Characterization of
surfactant-induced skin damage through barrier recovery induced by
pseudoacylceramides. Dermatology. 211, 128-134 (2005).

11. Kang J.S., Youm J.K., Jeong S.K., Park B.D., Yoon WK., Han M.H., Lee H.,
Han S.B., Lee K., Park S.K., Lee S.H., Yang K.H., Moon E.Y., Kim H.M.
Topical application of a novel ceramide derivative, K6PC-9, inhibits dust
mite extract-induced atopic dermatitis-like skin lesions in NClNga mice. Int.
Immunopharmaco!. 7, 1589-1597 (2007).

12. Asano-Kato N., Fukagawa K., Takano Y., Kawakita T., Tsubota K., Fujishima H.,
Takahashi S. Treatment of atopic blepharitis by controlling eyelid skin water
retention ability with ceramide gel application. Br. J. Ophthalmol. 87, 362-363
(2003).

13. Chamlin S.L., Kao J., Frieden 1.1., Sheu M.Y., Fowler A.J., Fluhr J.W,
Williams M.L., Elias P.M. Ceramide-dominant barrier repair lipids allevi
ate childhood atopic dermatitis: changes in barrier function provide a sensi
tive indicator of disease activity. 1. Am. Acad. Dermatol. 47, 198-208
(2002).

14. Kim D.S., Kim S.Y., Moon S.J., Chung J.H., Kim K.H., Cho K.H., Park x.c.
Ceramide inhibits cell proliferation through AktIPKB inactivation and de
creases melanin synthesis in Mel-Ab cells. Pigment Cell Res. 14, 110-115
(2001).

15. Kim D.S., Kim S.Y., Chung J.H., Kim K.H., Eun H.C., Park x.c. Delayed
ERK activation by ceramide reduces melanin synthesis in human melanocytes.
Cell. Signal. 14,779-785 (2002).

16. van Echten-Deckert G., Schick A., Heinemann T., Schnieders B. Phosphory
lated cis-4-methylsphingosine mimics the mitogenic effect of sphingosine
l-phosphate in Swiss 3T3 fibroblasts. J. Bio!. Chem. 273, 23585-23589
(1998).

17. Hauser J.M., Buehrer B.M., Bell R.M. Role of ceramide in mitogenesis induced
by exogenous sphingoid bases. 1. Bio!. Chem. 269,6803-6809 (1994).

18. Jung E.M., Griner R.D., Mann-Blakeney R., Bollag WB. A potential role for
ceramide in the regulation of mouse epidermal keratinocyte proliferation and
differentiation. J. Invest. Dermato!. 110, 318-323 (1998).

19. Marchell N.L., Uchida Y., Brown B.E., Elias PM., Holleran WM. Glucosylce
ramides stimulate mitogenesis in aged murine epidermis. 1. Invest. Dermatol.
110,383-387 (1998).

20. Kuraishi Y., Nagasawa T., Hayashi K., Satoh M. Scratching behavior induced
by pruritogenic but not algesiogenic agents in mice. Eur. 1. Pharmacal. 275,
229-233 (1995).



16: NATURAL PRODUCTS, SHIMaDA 333

21. Kitatani K., Akiba S., Hayama M., Sato T Ceramide accelerates dephospho
rylation of extracellular signal-regulated kinase 1/2 to decrease prostaglandin
D(2) production in RBL-2H3 cells. Arch. Biochem. Biophys. 395, 208-214
(2001).

22. Prieschl E.E., Csonga R., Novotny Y., Kikuchi G.E., Baumruker T
Glycosphingolipid-induced relocation of Lyn and Syk into detergent-resistant
membranes results in mast cell activation. 1. lmmuno!' 164.5389-5397 (2000).

23. Kim J.W, Inagaki Y, Mitsutake S., Maezawa N., Katsumura S., Ryu YW,
Park e.S., Taniguchi M., Igarashi Y Suppression of mast cell degranulation
by a novel ceramide kinase inhibitor, the F-12509A olefin isomer K1.
Biochim. Biophys. Acta. 1738, 82-90 (2005).

24. Masini E., Giannini L., Nistri S., Cinci L., Mastroianni R., Xu W, Comhair SA,
Li D., Cuzzocrea S., Matuschak G.M., Salvemini D. Ceramide: a key signaling
molecule in a guinea pig model of allergic asthmatic response and airway
inflammation. J. Pharmaco!' Exp. Ther. 324, 548-557 (2008).

25. Labat-Robert J., Bihari-Varga M., Robert L. Extracellular matrix. FEBS Lett.
268, 386-393 (\ 990).

26. Baumann L. Skin ageing and its treatment. J. Patho!' 211, 241-251 (2007).
27. Garrone R., Lethias e., Le Guellec D. Distribution of minor collagens during

skin development. Microsc. Res. Tech. 38,407-412 (\ 997).
28. Smith L.T, Holbrook K.A., Madri J.A. Collagen types I, III, and V in human

embryonic and fetal skin. Am. J. Anat. 175,507-521 (\986).
29. Price R.D., Myers S., Leigh I.M., Navsaria H.A. The role of hyaluronic acid

in wound healing: assessment of clinical evidence. Am. 1. Clin. Dermato!' 6,
393-402 (2005).

30. Kielty e.M., Sherratt M.1., Shuttleworth c.», Elastic fibres. J. Cell Sci. 115,
2817-2828 (2002).

31. Edited by Shanghai Scientific and Technical Publishers Li zhi he, Dictionary of
Chinese Material Medica, 4, pp. 2730 (1998). Published by Shogakukan (in
Japanese).

32. Turnbull 1.1., Nagle M.J., Seibel J.F., Welford R.WD., Grant G.H.,
Schofiel e.J. The C-4 stereochemistry of leucocyanidin substrates for
anthocyanidin synthase affects product selectivity. Bioorg. Med. Chem.
Lett. 13, 3853-3857 (2003).

33. Pilcher B.K., Sudbeck B.D., Durnin J.A., Welgus H.G., Parks We.
Collagenase-I and collagen in epidermal repair. Arch. Dermato!' Res.
290(Suppl.l), S37-S46 (1998).

34. Maytin E.Y., Chung H.H., Seetharaman Y.M. Hyaluronan participates in the
epidermal response to disruption of the permeability barrier in vivo. Am. J.
Pathol. 165,1331-1341 (2004).

35. Weitzman I., Summerbell R.e. The dermatophytes. Clin. Microbiol. Rev. 8,
240-259 (1995).

36. An B.1., Kwak J.H., Park J.M., Lee J.Y, Park TS., Lee J.T, Son J.H., Jo c,
Byun M.W. Inhibition of enzyme activities and the antiwrinkle effect of poly
phenol isolated from the persimmon leaf (Diospyros kaki folium) on human
skin. Dermato!' Surg. 31, 848-854 (2005).

37. Facino R.M., Carini M., Aldini G., Bombardelli E., Morazzoni P., Morelli R.
Free radicals scavenging action and anti-enzyme activities of procyanidines



334 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

from Vitis vinifera. A mechanism for their capillary protective action.
Arzneimittelforschung. 44, 592-601 (1994).

38. Sumantran V.N., Kulkarni A.A, Harsulkar A, Wele A., Koppikar SJ.,
Chandwaskar R., Gaire v., Dalvi M., Wagh U.v. Hyaluronidase and collage
nase inhibitory activities of the herbal formulation Triphala guggulu.
J. Biosci. 32, 755-761 (2007).

39. Facino R.M., Carini M., Stefani R., Aldini G., Saibene L. Anti-elastase and
anti-hyaluronidase activities of saponins and sapogenins from Hedera helix,
Aesculus hippocastanum, and Ruscus aculeatus: factors contributing to their
efficacy in the treatment of venous insufficiency. Arch. Pharm. (Weinheim).
328,720-724 (1995).

40. Kuppusamy U.R., Das N.P. Inhibitory effects of flavonoids on several venom
hyaluronidases. Experientia. 47,1196-1200 (1991).

41. Jonadet M., Meunier M.T., Bastide J., Bastide P. Anthocyanosides extracted
from Vitis vinifera, Vaccinium myrtillus and Pinus maritimus. I. Elastase
inhibiting activities in vitro. II. Compared angioprotective activities in vivo.
J. Pharm. Belg. 38, 41-46 (1983).

42. Jonadet M., Meunier M.T., Villie F., Bastide J.P., Lamaison J.L. Flavonoids
extracted from Ribes nigrum L. and Alchemilla vulgaris L.: I. In vitro inhibi
tory activities on elastase, trypsin and chymotrypsin. 2. Angioprotective activ
ities compared in vivo. J. Pharmacal. 17,21-27 (1986).

43. Jonadet M., Bastide J., Bastide P., Boyer B., Carnat AP., Lamaison J.L.
In vitro enzyme inhibitory and in vivo cardioprotective activities of hibiscus
(Hibiscus sabdariffa L.). J. Pharm. Belg. 45,120-124 (1990).



17

Asiaticoside Supports Collagen
Production for Firmer Skin

Jongsung Lee1
,2, Saebom Kim', PhD, Eunsun Jung1

, Juhyeon Lee",
Su Na Kim", Deokhoon Park 1

, PhD, andYeong Shik Kim 2
, PhD

1Biospectrum Life Science Institute, Gunpo City,
Gyunggi Do, Republic of Korea

2Natural Products Research Institute, College of Pharmacy,
Seoul National University, Seoul, Korea

17.1 Chemical and Pharmacological Properties of Asiaticoside 336
17.1.1 Introduction 336
17.1.2 Chemistry of Asiaticoside 336
17.1.3 Pharmacology of Asiaticoside (Fig.17.2) 337

17.1.3.1 Antibiotic Character of Asiaticoside 337
17.1.3.2 Anti-Herpes Simplex Virus Activities

of Asiaticoside 337
17.1.3.3 Wound-Healing Activity of Asiaticoside 338
17.1.3.4 Anxiolytic Properties of Asiaticoside 340
17.1.3.5 The Antiwrinkle Activity of Asiaticoside 340

17.2 Asiaticoside Induces Human Collagen I Synthesis through
TGFp Receptor I Kinase (TPRI Kinase)-Independent
Smad Signaling 341
17.2.1 Summary 341

Aaron Tabor and Robert M. Blair (eds.), Nutritional Cosmetics: Beautyfrom Within,
335-352. © 2009 William Andrew Inc.

335



336 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

17.2.2 Introduction 341
17.2.3 Asiaticoside Induces Significant Type I

Collagen Synthesis 342
17.2.4 Asiaticoside Induces Human Collagen I

Synthesis through TGF~ Receptor I Kinase
(T~RI Kinase)-Independent Smad Signaling 343

17.2.5 Conclusion and Discussion 346
17.3 Effect of a Preparation Containing Asiaticoside on

Periocular Wrinkles of Human Volunteers 348
17.3.1 Summary 348
17.3.2 Introduction 348
17.3.3 Antiwrink1eEffect of Asiaticoside 349
17.3.4 Conclusion and Discussion 350

References 350

17.1 Chemical and Pharmacological
Properties of Asiaticoside

17.1.1 Introduction

The Ara1iaceaeCentella asiatica, which has many common names includ
ing gotu kola, hydrocotyle, Indian pennywort, marsh penny, and white
rot, is widely cultivated as a vegetable or spice in China, Southeast Asia,
India, Sri Lanka, Africa, and Oceanic countries. In Sri Lankan and Indian
Ayurvedic traditional medicine, the aerial parts of C. asiatica have been
used to treat skin diseases, syphilis, rheumatism, mental illness, epilepsy,
hysteria, dehydration, and leprosy [1].

17.1.2 Chemistry of Asiaticoside

Analytical studies have shown that C. asiatica contains triterpenoids,
essential oils, amino acids, and other compounds, such as vellarin. The
terpenoids include asiaticoside, centelloside, madecassoside, brahmo
side, brahminoside, thankuniside, and centellose, and asiatic, brahmic,
centellic, and madecassic acids. The most active chemical constituents
in C. asiatica are asiatic acid derivatives such as asiatic acid, madecassic
acid, asiaticoside, and madecassosides (Fig. 17.1) [1]. Among these ter
penoids, asiaticoside is a major ingredient of Madecassol". Asiaticoside
is an oleanane-type triterpene glycoside and classified as an antibiotic.
Asiaticoside is a fine white and odorless powder. Its melting point is
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Figure 17.1 Chemical structure of pentacyclic Asiatic acid derivates
triterpenes in C. asiatica extracts.
R1 = H, R2 = OH: asiatic acid.
R1 = 0, R2 = OH: madecassic acid.
R1 =H, R2 =O-glucose-glucose-rhamnose: asiaticoside.
R1 =OH, R2 =O-glucose-glucose-rhamnose: madecassoside.

230-232°C. It is easily solubilized in many hydrophilic solvents (pro
pylene glycol, glycerin, ethoxydiglycol) and is commonly used in the
manufacture of topical formulations (gels, emulsions). If an emulsion is
prepared, asiaticoside is incorporated in the hydrophilic portion before
emulsification with the lipophilic phase. According to the safety data,
asiaticoside produces no side effects such as localized erythema or any
kind of discomfort. In all trials conducted to date, asiaticoside is toler

ated extremely well.

17.1.3 Pharmacology of Asiaticoside (Fig.17.2)

17.1.3.1 Antibiotic Character of Asiaticoside

Traditionally, asiaticoside has been used in the treatment ofleprosy and tuber
culosis in the Far East. Evidence from many studies shows that asiaticoside
damages the cell walls of the bacteria that cause leprosy and the weakened
bacteria are then easily eliminated by the body's immune system [2].

17.1.3.2 Anti-Herper Simplex Virus Activities of Asiaticoside

A number of Thai medicinal plants that are recommended as remedies for
herpes virus infection and used in primary health care were investigated for



338 SUPPORTING A SOLID FOUNDATION FOR FIRMER SKIN

Figure 17.2 Various effects of asiaticoside.

their intracellular activities against herpes simplex viruses (HSY). Accord
ing to plaque inhibition assays, C. asiatica L., Madura cochinchinesis Cor
nor, and Mangifera indica L. have both anti-HSY-I and -2 activities.
Inhibition of the production of infectious HSY-2 virions from infected Vero
cells has also been demonstrated.

Combinations of each of these reconstituted extracts with 9-(2-hydroxy
ethoxymethyl) guanosine (acyclovir; ACY) resulted either in subadditive,
additive, or synergistic interactions against HSY-2, depending on the dose of
ACY used. Furthermore, the inhibitory effects of these plant extracts were
also substantiated by flow cytometric analysis of virus-specific antigens in
the infected cells. The active constituent present in C. asiatica extract was
found to be asiaticoside, whereas that in M. indica was mangiferin. Thus,
asiaticoside contributes to treatment of HSY infection [3].

17.1.3.3 Wound-Healing Activity of Asiaticoside

Wound healing is a complex biological process that includes inflamma
tion, cell migration, angiogenesis, extracellular matrix synthesis, collagen
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deposition, and re-epithelialization. However, this process can be disrupted
by disease, consequently resulting in chronic wounds or other troublesome
complications. C. asiatica has been used for hundreds of years in many
Asian countries as a traditional medicine to improve wound healing.

Asiaticoside has shown promising wound-healing activity. Topical appli
cation of asiaticoside in normal and diabetic animals or oral administration
in normal animals significantly enhanced the rate of wound healing by
increasing the collagen synthesis and the tensile strength of the wound
tissue. Asiaticoside has also been reported to elevate collagen synthesis in
fibroblasts [4]. In vitro histological findings also revealed enhanced prolif
eration of fibroblasts, thereby supporting the biochemical results.

Angiogenesis plays an important role in wound healing, and newly formed
blood vessels comprise 60% of the repair tissue. Neovascularization helps
hypoxic wounds attain normoxic conditions. Asiaticoside promotes angio
genesis in both in vitro and in vivo models as indicated by histological
studies [5]. Asiaticoside also accelerates the healing of gastric kissing
ulcers. Gastriculcer healing is a complex orchestrated process involving
resolution of inflammation and repair of gastric tissues through granulation
tissue formation, re-epithelialization, and extracellular matrix remodeling.
Asiaticoside suppresses myeloperoxidase (MPO), which is a marker of
neutrophil infiltration during inflammation. The suppressive effects of asi
aticoside on MPO activity may result from direct inhibition of the expres
sion of inflammatory cytokines, thereby decreasing neutrophil infiltration
in the wound site [6]. Asiaticoside also affects the healing mechanism.
Asiaticoside is known to stimulate production of antioxidants in the wound
site and provides a favorable environment for tissue healing. Topical appli
cation (0.2% solution) twice daily for 7 days to skin wounds in rats resulted
in an increase in both enzymatic and nonenzymatic antioxidants, namely
superoxide dismutase (SOD) (35%), catalase (67%), glutathione peroxi
dase (49%), vitamin E (77%), and ascorbic acid (36%) in newly formed
tissues. SOD is an intracellular enzyme that catalyzes the conversion of the
superoxide anion to molecular oxygen and hydrogen peroxide; glutathione
peroxidase converts various peroxides and is mainly present in the cytosol
and mitochondria of most tissues. This enhancement of antioxidant levels
at the initial stage of healing may contribute to the healing properties of
C. asiatica [7]. Asiaticoside also affects glycosaminoglycan synthesis in
wound tissues. It is well established that glycosaminoglycans, especially
hyaluronic acids and small proteoglycans, playa major role in the heal
ing process and contribute to the organization and strength of the fibrillar
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network of the wounds [8,9]. Therefore, asiaticoside should be developed
as a potential antiulcer drug.

Traditionally, C. asiatica extracts have been used both topically and inter
nally, mainly for wound healing and treating leprosy [10]. Oral adminis
tration of C. asiatica or asiaticoside and potassium chloride capsules was
reported to be as effective as dapsone therapy in patients with leprosy. In a
controlled study of 90 patients with perforated leg lesions owing to lep
rosy, application of a salve of the plant produced significantly better results
than a placebo [11].

17.1.3.4 Anxiolytic Properties of Asiaticoside

C. asiatica has been used for centuries in Ayurvedic medicine and tra
ditional Chinese medicine to alleviate the symptoms of depression and
anxiety and to promote a deep state of relaxation and mental calmness
during meditation practices. As a dietary supplement, C. asiatica is
used to treat sleep disorders. The putative anxiolytic activity of asia
ticoside was examined in male mice using a number of experimental
paradigms of anxiety, with diazepam as a positive anxiolytic control.
In the elevated plus-maze test, diazepam (l and 2 mg/kg) or asiaticoside
(5 or 10 mg/kg) increased the percentage of entries into open arms and
of time spent on open arms. In the light/dark test, with 1 mg/kg diaz
epam, asiaticoside (10 and 20 mg/kg) increased the time spent and the
movement in the light areas without altering the total locomotor activ
ity of the animals. Asiaticoside interacts with the gamrna-aminobutyric
acid (GABA) receptor. In the CNS, GABA exerts an inhibitory effect
on stress-induced ulcerogenesis. And it is well known that the GABA
receptors mediate the anxiolytic effect of benzodiazepines. Thus, recent
investigations using animal models of anxiety confirm that C. asiatica
possesses anxiolytic activity [12].

17.1.3.5 The Antiwrinkle Activity of Asiaticoside

Asiaticoside is used as an ingredient in cosmetic applications. Cosmetic
applications include the formulations of lipids and proteins for healthy
skin, anticellulitis and antiwrinkle (eyes and facial) properties, skin regen
eration, treatment of acne-induced blemishes, rapid renewal of support
ing fiber networks, stimulation of collagen synthesis, and enhancement of
immune-depressed skin. The assessment of skin wrinkling is essential for
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evaluating the efficacy of cosmetic products believed to reduce age-related
skin changes. After using lipstick containing asiaticoside for 8 weeks, the
change in visual grading scores and the replica analyses indicate the wrinkle
improving effect. As the depth and number of wrinkles are reduced, the
lipstick appearance also improves significantly by image analysis [13].

17.2 Asiaticoside Induces Human Collagen I
Synthesis through TGFp Receptor I Kinase
(TPRI Kinase)-Independent Smad Signaling

17.2.1 Summary

Skin aging appears to be principally related to a decrease in the levels of
type I collagen, the primary component of the skin dermis. Asiaticoside,
a saponin component that has been isolated from C. asiatica, induces
type I collagen synthesis in human dermal fibroblast cells. However, the
mechanism underlying asiaticoside-induced type I collagen synthesis,
especially at a molecular level, is only partially understood. In this study,
we have attempted to characterize the mechanism of action of asiatico
side in type I collagen synthesis. We found that asiaticoside induced the
phosphorylation of both Smad2 and Smad3. In addition, we detected
asiaticoside-induced binding of Smad3 and Smad4. Consistent with these
results, nuclear translocation of the Smad3-Smad4 complex was induced
by treatment with asiaticoside, pointing to the involvement of asiaticoside
in Smad signaling. In addition, SB431542, an inhibitor of TGF~ recep
tor I (T~RI) kinase, which is an activator of the Smad pathway, did not
inhibit either Smad2 phosphorylation or type I collagen synthesis induced
by asiaticoside. Therefore, our results show that asiaticoside can induce
type I collagen synthesis via activation of a T~RI kinase-independent
Smad pathway.

17.2.2 Introduction

Aging of the skin is primarily related to reductions in the levels of type I
collagen, which is the principal component of skin dermis. Type I collagen
is the main structural component of the extracellular matrix, which per
forms a pivotal function in the maintenance of the structure of the skin
dermis. Several molecules have been reported to augment type I collagen
synthesis, namely, transforming growth factor-f (TGF-~) and sphingosine
I-phosphate [14,15]. Recently, asiaticoside, which was isolated from
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C. asiatica, has been reported to augment the expression of the type I
collagen gene [16].

Both the quantity and quality of extracellular collagen are determined
by the balance between degradation and synthesis [17]. Degradation
appears to be mediated by matrix metalloproteinases and by endoge
nous tissue inhibitors. Collagen synthesis is both transcriptionally and
post-translationally regulated. Several studies have reported that the
Smad pathway functions in the activation of type I collagen gene expres
sion. The Smads are a series of proteins that function downstream from
the serine/threonine kinase receptors of the TGF-~ family, thereby
transducing signals to the nucleus. Following binding of TGF-~ to its
receptors, the receptor-regulated Smads (R-Smads), Smad2 and Smad3,
are phosphorylated by the type I receptor and associate with the com
mon partner, Smad4. The resulting heteromultimer then translocates to
the nucleus, where it functions as a regulator of type I collagen gene
expression [18-20].

Asiaticoside is a saponin component that has been isolated from
C. asiatica, a plant that has been used for hundreds of years in the tradi
tional medicine of many Asiatic countries, usually to improve wound heal
ing. Recently, several studies have reported that asiaticoside enhances the
synthesis of collagen [21,22]. However, the mechanism by which asiatico
side promotes collagen synthesis, particularly at the molecular level,
remains somewhat unclear.

In this report, we have demonstrated that treatment with asiaticoside induces
the synthesis of type I collagen, and the mechanisms underlying its action
may be mediated via a TGF~ receptor I kinase (T~RI kinase)-independent
Smad activation pathway in cultured human dermal fibroblast cells.

17.2.3 Asiaticoside Induces Significant Type I
Collagen Synthesis

The chemical structure of asiaticoside, one of the primary triterpenic com
pounds that have been isolated from C. asiatica, contains five six-carbon
rings. Several reports have shown that asiaticoside induces the synthesis
of type I collagen [21,22]. In order to verify this finding, we conducted
type I pro-collagen synthesis assays. Our type I pro-collagen test revealed
that asiaticoside induces significant type I collagen synthesis (Fig. 17.3).
TGF-~ (l0 ng/ml) was employed as a positive control.
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Figure 17.3 Effects of asiaticoside on type I pro-collagen synthesis, as
determined with a sandwich immunoassay kit (Takara Bio, Inc., Japan).
Data are expressed as the mean ± S.D., *P < 0.01 compared with
controls. The results were verified by the repetition of four experiments,
each in triplicate. As: asiaticoside.

17.2.4 Asiaticoside Induces Human Collagen I Synthesis
through TGFp Receptor I Kinase (TPRI Kinase)-Independent
Smad Signaling

The Smad signaling cascade performs an important function in human col
lagen production events associated with TGF-~ or sphingosine I-phosphate
(SIP) [14,15]. Therefore, as an initial step toward elucidating the mecha
nism of asiaticoside action in type I collagen synthesis, we examined
its effects on phosphorylation of both Smad2 and Smad3. As shown in
Fig. 17.4, Smad2 and Smad3 phosphorylation could be induced by treat
ment with asiaticoside (10 flM). Human dermal fibroblast cells responded
to asiaticoside after 10 minutes, and this response persisted for a total of
45 minutes. TGF-~ was employed as a positive control.

In order to further substantiate the particular role of asiaticoside, we also
assessed the downstream events that occurred after Smad2/3 phosphory
lation. The immunoprecipitation of celllysates with anti-Smad3 antibodies,
followed by Western blotting for Smad3 or Smad4, revealed that Smad3
expression levels were not influenced by TGF-~ or asiaticoside treatment
(data not shown). As expected, no Smad4 co-immunoprecipitated under
control conditions. However, Smad3-Smad4 complexes were detected after
stimulation with TGF-~ and also after exposure to asiaticoside.
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Figure 17.4 Effects of asiaticoside on the phosphorylation of Smad2 (A)
and Smad3 (B) in human dermal fibroblast cells. Cells were treated
with TGF-~ (10 ng/ml) or asiaticoside (10 JlM) at different time periods
(A and B). The cells were subjected to immunoprecipitation with
anti-Smad2 or anti-Smad3 antibodies, followed by Western blot with
antiphosphoserine antibodies. As: asiaticoside, *P < 0.01 compared
with untreated control.

In order to confirm the nuclear translocation of the Smad3-Smad4 com
plex, as was reported with TGF-~, we performed Western blotting using
nuclear extracts. In this experiment, the measurement of marker enzymes
localized specifically in the cytosol (lactate dehydrogenase) or the endo
plasmic reticulum (a-glucosidase II) allowed us to confirm the purity of
these nuclei. Western blotting of Smad3 and Smad4 in the lysates of
nuclei revealed the absence of both Smad proteins under control condi
tions. However, when cells were stimulated for 30 minutes either by
TGF-~ or asiaticoside, both Smad3 and Smad4 were found in the nuclear
fraction (Fig. 17.5), thereby indicating their translocation from the
cytosol.

As mentioned previously, although asiaticoside induced Smad2/3 phos
phorylation, the detailed mechanism underlying asiaticoside-induced
Smad2/3 phosphorylation remains somewhat unclear. Therefore, we
characterized the relationship between asiaticoside and TGF-~ signaling
using SB431542, an inhibitor of the TGF-~ type I receptor (T~RI) kinase,
which phosphorylates Smad2/3. We examined the effects of SB431542
on the asiaticoside-induced phosphorylation of Smad2 and type I colla
gen synthesis. As shown in Figs. 17.5 and 17.6, the asiaticoside-induced
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Figure 17.5 Asiaticoside (As) induced the nuclear translocation
of Smad3-Smad4 complex. Human dermal fibroblast cells were
stimulated using control vehicle, TGF-p (10 ng/ml), or asiaticoside
(10 J..lM) for 45 min. Lysates of the nuclei were immunoprecipitated
and immunoblotted.

Figure 17.6 Asiaticoside-induced Smad2 phosphorylation was
not mediated by TGFp receptor I (TPRI) kinase. Human dermal
fibroblast cells were incubated in either the presence or absence
of S8431542, along with asiaticoside (10 J..lM) or TGF-p (10 ng/ml)
for 30 min. The cells were subjected to immunoprecipitation and
Western blotting. *P < 0.01 compared with untreated control, t P < 0.01
versus TGF P treatment. The results were verified by the repetition of
four experiments, each in triplicate. As: asiaticoside.
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phosphorylaton of Smad2 and type I collagen synthesis were not reduced
by administration of SB431542, whereas SB431542 blocked both the
phosphorylation of Smad2 and type I collagen synthesis via TGF-~.

17.2.5 Conclusion and Discussion

To the best of our knowledge, this study is the first to attempt to elucidate
the detailed mechanisms underlying asiaticoside-induced type I collagen
synthesis. We have discovered that asiaticoside induces the synthesis of
type I collagen via TGF-~-independent Smad signaling.

Asiaticoside, one of the primary compounds in C. asiatica, has recently
been reported to increase the formation of extracellular matrix synthe
sis, including that associated with human I(I) and 3(III) collagens [22].
We have also demonstrated that asiaticoside induces significant type I
collagen synthesis in human dermal fibroblast cells (Fig. 17.3). How
ever, the precise mechanisms underlying asiaticoside-induced collagen
synthesis remain somewhat unclear at the molecular level. Therefore,
we have attempted to elucidate the molecular changes induced by asia
ticoside in human dermal fibroblast cells. We first determined whether
asiaticoside can induce both Smad2 and Smad3 phosphorylation, initial
molecular events in Smad signaling, as it is well known that Smad sig
naling is involved in collagen synthesis induced by either TGF-~ or
sphingosine I-phosphate. In this study, we determined that Smad2 and
Smad3 were both phosphorylated by treatment with asiaticoside. In
addition, after asiaticoside treatment, we observed interactions between
Smad3 and Smad4, suggesting that asiaticoside is involved in Smad sig
naling and that it operates upstream of Smad2 and Smad3. This is fur
ther strengthened by the fact that the Smad3-Smad4 complex was
translocated into the nucleus in response to the administration of
asiaticoside.

As previously mentioned, we successfully demonstrated that asiaticoside
operates upstream of Smad2 and Smad3. However, the relationship between
asiaticoside and the signaling molecules upstream of Smad2/3 must be
established in further detail. TGF~ receptor I kinase (T~RI kinase) can
phosphorylate Smad2/3 in the process of TGF-~ signaling. We thus tested
whether asiaticoside-induced Smad signaling is mediated in a T~RI kinase
dependent manner.To that purpose, SB431542, aT~RI kinase inhibitor, was
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Figure 17.7 Effects of 8B431542 on asiaticoside-induced type I
pro-collagen synthesis, as determined with a sandwich immunoassay
kit (Takara Bio, Inc., Japan). Data are expressed as the mean ± 8.0.,
*P < 0.01 compared with untreated control, t P < 0.01 versus TGF P
treatment. The results were verified by the repetition of four experiments,
each in triplicate. As: asiaticoside.

introduced during asiaticoside-induced Smad2 phosphorylation and type I
collagen synthesis events. As shown in Figs. 17.6 and 17.7, SB431542 did
not inhibit asiaticoside-induced Smad2 phosphorylation and type I col
lagen synthesis. This indicates that asiaticoside does, indeed, induce type
I collagen synthesis through the activation of Smad signaling in a T~RI

kinase-independent manner. Recently, signals derived from growth factor
receptors that exhibited tyrosine kinase activity were also found to modu
late Smad-dependent effects. This may occur as the result of the activa
tion of a kinase located downstream of MEK-l and upstream of MAPK!
ERK kinase, resulting in the phosphorylation of Smad2 [23]. In addition,
numerous other kinases have been implicated in Smad signaling, includ
ing TAK-l and TAB, although their precise functions have yet to be elu
cidated [24-26]. When taken together, these data support the conclusion
that asiaticoside-induced Smad signaling is mediated by other kinases that
playa similar role as T~RI kinase.

In conclusion, the data acquired in this study demonstrate that asiaticoside
can induce the synthesis of type I collagen and that the mechanisms under
lying its action are mediated via a T~RI kinase-independent Smad activa
tion pathway.
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17.3 Effect of a Preparation Containing Asiaticoside
on Periocular Wrinkles of Human Volunteers

17.3.1 Summary

Background: Skin aging is accompanied by wrinkle formation.
In particular, periorbital wrinkle formation is a relatively early
sign of skin aging.

Purpose: We evaluated the effect of a preparation that contained
asiaticoside on periorbital wrinkles in a team of volunteers.

Method: The efficiency of a preparation containing asiatico
side as an active compound in a base cream for the treatment
of temporal perioribital wrinkles was tested on 27 female vol
unteers as follows: the women applied the cream twice a day
for 12 weeks. Negative replicas were taken of the periorbital
skin before and after 4 weeks, 8 weeks, and 12 weeks of cream
application. The results were evaluated by semiautomated mor
phometry of the plastic replicas.

Results: After 12 weeks of treatment, there was significant
improvement in the periorbital wrinkles for the majority of the
volunteers who tested the cream. Of the 27 periocular wrinkles
examined, 65% showed an improvement at the end of the treat
ment. In two cases, the improvement was 100% on one eye
(disappearance of the crow's feet) and 75% and 79% on the
other eye. On six eyes, there was no significant change after the
end of treatment.

Conclusion: After 12 weeks of treatment with the asiaticoside
containing cream, most volunteers experienced attenuation of
their periorbital wrinkles, and some women had a significant
improvement of periorbital wrinkles on one of their eyes.

17.3.2 Introduction

Periorbital wrinkle formation is a relatively early sign of skin aging that
usually makes women strongly apprehensive. Very few cosmetic prepara
tions have been shown to improve this situation according to objective
quantitative methods.

Aging of the skin is primarily related to reductions in the levels of type I
collagen, which is the principal component of skin dermis. Type I colla
gen is the main structural component of the extracellular matrix, which
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performs a pivotal function in the maintenance of the structure of the skin
dermis. In our study, we found that asiaticoside, a saponin that can be
isolated from C. asiatica, increased the expression of the type I collagen
gene through the TGF~ receptor I kinase (T~RI kinase)-independent
Smad activation pathway [27].

Based on in vitro studies, it has been postulated that asiaticoside could be
used topically to prevent and correct skin aging. Considering these effects
of asiaticoside, we experimentally evaluated the impact of asiaticoside on
the evolution of periorbital wrinkles.

17.3.3 Antiwrinkle Effect of Asiaticoside

Two volunteers dropped out just after the beginning of the trial. The remain
ing 27 volunteers were evaluated at 4 weeks, 8 weeks, and 12 weeks.
Clinical assessment by the dermatologist and self-assessment by the vol
unteers disclosed an improvement in terms of the "global score." Global
score consisted of the sum of six items (hydration, roughness, laxity, sup
pleness, fine wrinkles, coarse wrinkles). Statistical evaluation of the values
from the treated side versus the placebo was performed using a rank test
on paired series. This score evolved in a significant manner from 6.7 ± 1.6
to 5.0 ± 1.0,4.5 ± 1.2, and 4.2 ± 0.7, at baseline, 4 weeks, 8 weeks, and
12 weeks, respectively (P < 0.05). According to the assessment by the der
matologist, variance analysis showed a statistically significant improve
ment in hydration, small wrinkles, wrinkles, glare, and brown spots in
each group throughout the trial. Furthermore, roughness, suppleness, and
small wrinkle scores improved significantly in the asiaticoside group. Self
assessment by the volunteers disclosed a statistically significant and ben
eficial evolution of most of these clinical items (hydration, firmness, glare,
tonicity, suppleness, brown spots, roughness imperfections, smoothing,
and dryness) on the treated area during the 3-month duration of the trial.

The analyses of the skin replicas showed that, compared with placebo,
there was a highly significant increase in the density of skin microrelief
(P < 0.05), as well as a decrease of deep furrows at the region of interest
treated with asiaticoside cream over a 3-month period (P < 0.05). Replicas
of the crow's feet area were measured by image analyzer with no interven
ing changes in instrumental set-up. The representative data for each group
are presented as Ra, Rz, and Rt. Ra represents the arithmetic average
roughness, that is, the area surrounded by the profile and the middle line
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divided by the middle line. Rz is the average roughness, that is, the arith
metic average of the different segment roughnesses calculated from five
succeeding measurement segments of the same length. Rt is the distance
between the highest and lowest values. In this study, we found that the
means of all parameters of the asiaticoside-treated group were lower than
those of the placebo group. These findings indicate that asiaticoside exerts
an antiwrinkle effect.

17.3.4 Conclusion and Discussion

The results of this clinical trial confirm that topical application of 0.1%
asiaticoside over a 3-month period significantly improves the clinical
appearance of aged skin compared to application of the vehicle alone.

The dermatologic examination, which was performed in a double-blind
manner, allowed us to distinguish differences in the aspect of the skin
between the areas treated with asiaticoside cream and placebo. Significant
reduction in small and coarse wrinkles, as assessed by both an investigating
dermatologist and each volunteer, and improvement in the overall aspect of
the skin, especially of firmness, smoothness, and dryness, as assessed by
the volunteers, were observed after 3 months of daily treatment.

Considering these results, we conclude that, for the majority of women
and most wrinkles (>65%), treatment with cream containing asiaticoside
will efficiently decrease or eliminate crow's feet.
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Water is intrinsic to the function and beauty of the skin. It is the plasticizer
of the skin, providing for a flexible body covering of protein mixed with
intercellular lipids. Without water, the skin would appear as callus, rough,
and lifeless. This chapter examines the interaction between skin hydration
and barrier function. It discusses what represents too much, too little,
and just right in terms of skin hydration, accompanied by descriptions of
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noninvasive equipment technology used to measure skin hydration. In
addition, it explores causes of skin dehydration and methods to restore the
proper water balance.

18.1 Hydrated versus Dehydrated Skin

It is important to understand what physiologically constitutes dry skin,
medically known as xerosis. Xerosis visually manifests as scaly skin,
which consumers associate with dry skin, due to the abnormal desquama
tion of comeocytes (Fig. 18.1). For the skin to appear and feel normal, the
water content must be above 10% and below 30% (Fig. 18.2) [1]. Whereas
underhydration leads to premature comeocyte sloughing, overhydration
leads to maceration, which destroys the physical strength of the skin and
predisposes it to infection in intertriginous areas, such as the groin, buttock,
and armpit. Under- and overhydration are both equally damaging to the
skin barrier; however, the discussion will now focus only on skin with
insufficient water content.

Skin dehydration is common in skin disease and conditions of excessive
skin lipid removal. Diseases where skin dehydration is common include
psoriasis, atopic dermatitis, xerotic eczema, hand dermatitis, etc. All of
these conditions are characterized by a defective skin barrier (Fig. 18.3).
Xerosis can also be induced by the use of cleansers and solvents that emul
sify the intercellular lipids, destroying barrier architecture. Unfortunately,
soaps and detergents cannot distinguish between unwanted lipids on the
skin surface, such as those from the application of skin care products and
sebum accumulation, and those composing the intercellular lipids. At
present, the most common cause of skin dehydration is poor cleanser
selection and cleanser overuse.

18.2 The Skin Barrier

The skin barrier regulates skin hydration and maintains the water content.
It is composed of protein-rich comeocytes surrounded by carefully
organized lamellar lipid bilayers that are covalently bound, forming the
intercellular lipids. This organization is much like a brick wall, with the
comeocytes representing bricks and the intercellular lipids functioning
as mortar. Anything that disorganizes this structure leads to barrier damage
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Figure 18.1 Xerotic skin is characterized by scaling created by
desquamating corneocytes (a) whereas well-moisturized skin appears
smooth (b).

and skin dysfunction. There are three intercellular lipids implicated in
epidermal barrier function: sphingolipids, free sterols, and free fatty
acids [2]. In addition, it is thought that the lamellar bodies, containing
sphingolipids, free sterols, and phospholipids, playa key role in barrier
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Figure 18.2 Scanning electron micrograph of well-hydrated skin with an
intact barrier characterized by an organized lipid bilayer.

Figure 18.3 Scanning electron micrograph of barrier-damaged skin
characterized by loss of the lipid bilayer and the appearance of wide
intercellular spaces.

function and are essential to trap water and prevent excessive water
loss [3,4]. The lipids are necessary for barrier function because solvent
extraction leads to xerosis, directly proportional to the amount of lipid
removed [5].
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The major lipid by weight found in the stratum corneum is ceramide,
which becomes sphingolipid if glycosylated via the primary alcohol of
sphingosine [6]. Ceramides possess the majority of the long-chain fatty
acids and linoleic acid in the skin. Perturbations within the barrier result in
rapid lamellar body secretion and a cascade of cytokine changes associ
ated with adhesion molecule expression and growth factor production [7].
In order to trigger this increased lipid production, a signal must be sent
indicating that the skin barrier has been breached.

18.3 Signal for Barrier Repair

Communication must occur between the nonliving skin surface and the
viable epidermis and dermis to indicate that the skin barrier has been
damaged. The key signal for barrier repair is transepidermal water loss
(TEWL). If water loss rises, the skin begins to produce intercellular lipids
to replace the barrier to evaporation. Once TEWL returns to normal, the
lipid production is halted. It is for this reason that vapor-impermeable
wraps, such as plastic food wrap, may 100% halt TEWL, but barrier repair
does not occur [8].

An effective moisturizer must allow 1% or more water loss to occur [9,10].
Any rehydration caused by the moisturizer is only temporary. Thus, mois
turizers simply create an environment optimal for healing. They do not
rehydrate the skin by placing water on the skin surface or attracting water
from the environment. Water lost through evaporation to the environment
under low humidity conditions from a damaged skin barrier must be
replenished by water from the lower epidermal and dermal layers to
achieve skin remoisturization [11].

18.4 Skin Remoisturization and the Natural
Moisturizing Factor (NMF)

There are several steps in skin remoisturization: initiation of barrier repair,
alteration of surface cutaneous moisture partition coefficient, onset of
dermal-epidermal moisture diffusion, and synthesis of intercellular
lipids [12]. These steps must occur sequentially in order for proper skin
barrier repair. Once the barrier has been repaired, there must be some sub
stance that holds and regulates the skin water content. This substance has
been termed the natural moisturizing factor (NMF). The constituents of
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the NMF have been theorized to consist of a mixture of amino acids, deriv
atives of amino acids, and salts. Artificially synthesized NMF has been
constructed from amino acids, pyrrolidone carboxylic acid, lactate, urea,
ammonia, uric acid, glucosamine, creatinine, citrate, sodium, potassium,
calcium, magnesium, phosphate, chlorine, sugar, organic acids, and pep
tides [13]. Ten percent of the dry weight of the stratum corneum cells is
composed of NMF in well-hydrated skin [14].

18.5 Mechanisms of Moisturization

Rehydration of the skin is the goal of all moisturizer formulations. There
are three main methods of retarding TEWL and allowing rehydration
through barrier repair. These include placing an oily substance or a large
molecular-weight film on the skin surface to retard evaporation or to place
substances on the skin surface that attract water to the skin surface [15].
These mechanisms of remoisturization are examined next.

The most common mechanism of moisturization is through the use of
occlusive substances. The primary occlusive substance is petrolatum.
Petrolatum is a semisolid mixture of hydrocarbons obtained through the
dewaxing of heavy mineral oils. Pure cosmetic grade petrolatum is practi
cally odorless and tasteless. Petrolatum first appeared in the U.S. pharma
copoeia in 1880 and has been the most widely used ingredient in skin
moisturizers ever since. It is interesting to note that petrolatum has never
been duplicated synthetically. Petrolatum is the most effective moisturiz
ing ingredient on the market today, reducing transepidermal water loss by
99%. It functions as an occlusive to create an oily barrier through which
water cannot pass. Thus, it maintains cutaneous water content until barrier
repair can occur. Petrolatum is able to penetrate into the upper layers of the
stratum corneum, creating a reservoir to aid in barrier restoration.

Other commonly used occlusive moisturizers include mineral oil and
vegetable oils, such as grapeseed oil, olive oil, jojoba oil, sesame seed oil,
etc. These are not as effective at reducing TEWL as petrolatum, because
they only afford approximately a 50% reduction, but they do not impart a
greasy feel to the skin. Oil-free formulations contain dimethicone or
cyclomethicone. These silicone derivatives act as nongreasy occlusive
agents that can have an astringent effect on other oily substances. For
example, dimethicone can minimize the greasy feel of petrolatum or min
eral oil in moisturizers while imparting water-repellent and water-resistant
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Table 18.1 Common Occlusive Ingredients to Decrease Transepidermal
Water Loss

I. Hydrocarbon oils and waxes: petrolatum, mineral oil, paraffin, squalene
2. Silicone oils
3. Vegetable and animal fats
4. Fatty acids: lanolin acid, stearic acid
5. Fatty alcohol: lanolin alcohol, cetyl alcohol
6. Polyhydric alcohols: propylene glycol
7. Wax esters: lanolin, beeswax, stearyl stearate
8. Vegetable waxes: camauba, candelilla
9. Phospholipids: lecithin
10. Sterols: cholesterol

properties. Additional occlusive moisturizing ingredients are listed in
Table 18.1 [16].

Hydrophilic matrices represent another method of placing a protective
barrier over the skin surface. The oldest hydrophilic matrix is colloidal
oatmeal, which is raw oatmeal ground to a fine powder. The oatmeal is
then placed in bath water, where the small ground oatmeal particles create
a "blanket" against water evaporation. Other newer, larger molecular
weight substances, such as proteins and hyaluronic acid, can function in a
similar manner. Some of the newer proteins found in skin care products,
such as growth factors and hydrolyzed collagen, function in this manner to
create an environment for skin rehydration.

Skin hydration can also be enhanced with humectants. Humectants are
substances with the ability to attract and hold water much like a sponge.
Naturally occurring humectants in the skin include dermal glycosamino
glycans, which function to maintain skin hydration. Glycosaminoglycans
are the first substances to see a burst in production following wounding of
the skin, because creating a moist environment is key to healing. Humec
tants are commonly used in skin care products to prevent dehydration of
the formulation so that desiccation does not occur on the shelf. This same
principle can be used to remoisturize the skin. Commonly used humec
tants include glycerin, sorbitol, propylene glycol, polyethylene glycol,
lactic acid, urea, and gelatin [16,17]. Newer humectant concepts include
hyaluronic acid spheres that hydrate on the skin surface to physically fill
fine wrinkles on the face, especially around the eyes and on the lips.
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A well-designed moisturizer for skin rehydration includes both occlusive
and humectant ingredients. It is critical to not only create an artificial bar
rier to water loss, but to allow rehydration to occur. Humectants in the
absence of occlusives will only enhance water loss from the damaged skin
surface, further impeding barrier repair [18]. Utilizing a variety of mecha
nisms of moisturization ultimately results in the best cutaneous result.

18.6 Moisturizers and the Skin Barrier

Healthy skin is well moisturized and maintains a careful organizational
structure. Water is intrinsic to the ability of skin to form an attractive, yet
pliable, covering for the body. Skin is the initial protection against physical
and chemical insults and the first line of defense against infection. It main
tains fluid balance, regulates temperature, and allows tactile interaction
with the environment. Skin allows human existence in low humidity hot
desert conditions and cold rainy winter conditions. It can rapidly adjust to
a variety of environments within a matter of days. It is this dynamic nature
and the ability to quickly reach homeostasis that is the hallmark of healthy
skin. Disease states result when the ability of the skin to provide a barrier
for the body is overwhelmed. Thus, the integrity of the skin barrier achieved
through proper hydration is key to human health.
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of rice ceramide significantly reduced dryness and exfoliation, enhanced
moisture-retention, and improved smoothness and texture of skin in a
placebo-controlled double-blind ingestion study in 33 subjects. Oral and
topically applied plant-derived tocotrienol was transferred to skin, which
acted as a scavenger of reactive oxygen species and was effective in pro
tecting skin from UV damages. In addition, we introduce several other
plant-derived extracts with fibroblast-proliferative, skin-turnover-promoting,
and pigmentation-suppressive activities.

19.1 Introduction

For protecting skin from damage and for supporting skin functions, vari
ous synthetic chemicals and natural substances are added to cosmetics. For
example, synthetic and plant-derived cerami des are being used in skin care
products, which support barrier function and provide moisture to skin.
Human epidermis consists of stratum basale, stratum spinosum, granu
losa, and stratum corneum, each with a distinct lipid composition. In stra
tum basale, phospholipids and cholesterol are the major components.
Glucosylceramide gradually increases from stratum basale toward the
granulosa layer, where it becomes the major component. In the stratum
corneum, glucosylceramide is converted to cerarnide, which is the major
component of interstitial lipids between corneocytes. Synthetic ceramides
have been widely used as a skin-beautifying substance that holds moisture
in the skin corneum. In recent years, natural ceramide is attracting more
attention, especially because of its safe and healthy image. Plant ceramides
are also a functional food for daily ingestion.

Application of antioxidants is regarded as effective for protecting skin
from damage induced by reactive oxygen species, and thus preventing
sunburn, inflammation, and pigmentation. Hydrophobic compounds are
generally known to be effectively absorbed into skin by topical application.
So is tocotrienol, a tocopherol-related compound. In this section, we
describe cosmeceutical activities of cerami de, tocotrienol, and several
other plant-derived substances.

19.2 Rice Ceramide Improves Skin Condition

The stratum corneum protects skin mechanically and maintains moisture.
The major lipid components in the stratum corneum are ceramides.
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Coderch et at. [I] demonstrated that topical supplementation of ceramide
was effective for retaining moisture in skin. They swabbed healthy human
skin with wool lipid (lWL) extracts with and without synthetic stratum
corneum lipid (SSCL) as liposomes for several months. Transdermal water
loss was improved and the water-retaining capacity of the skin was
increased by mixed IWLlSSCL, but not by IWL alone. SSCL contains a
ceramide, and these results thus suggest that topical application of cerami de
is effective for maintaining moisture in the skin [2]. As an intracellular
messenger in the sphingomyelin cycle, ceramide provides not only a barrier
function to the skin but also regulates lipid biosynthesis [3]. Increase in
intracellular ceramide induces skin cell differentiation and/or apoptosis,
and suppresses cell proliferation.

Knowing the beneficial effects of topical application of ceramide, we stud
ied the efficacy of oral application of ceramide in a placebo-controlled
human study. We gave 40 mg rice ceramide to 33 subjects (6 male, 27
female) aged 25.1 ±7.8 for 6 weeks and compared skin parameters before,
during, and after the supplementation period. As shown in Fig. 19.1, skin
moisture was increased and index of skin dryness (SE sc index) was
reduced significantly compared to the placebo group. Figure 19.2 shows

80
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Changes in moisture content
on lower left eye area

Dryscaly
skin (+)

___ Ceramide ·p<O.05 Moisturised
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Figure 19.1 Changes in skin parameters by oral treatment with rice
ceramide in human subjects. Each point represents mean with standard
deviation (SO). Asterisks denote significant differences from placebo.
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Figure 19.2 Typical images of three-dimensional microscopic illustration
of skin surface in the left eye area of a 23-year old female before and
after 6 weeks of treatment with rice ceramide.

light microscope images of the skin of a female subject before and after
ingestion of rice ceramide. Wrinkles were visibly reduced after 3 weeks of
ingestion.

Other dermatological findings before and after ingestion of rice ceramide
are summarized in Table 19.1. In facial skin, significant improvement was
observed for "dryness," "flush," and "holding of cosmetic" after 3 weeks
and 6 weeks of ingestion in the test group. In the placebo group, "dryness"
and "flush" were also significantly improved after ingestion, but "holding
of cosmetic" did not show significant improvement. Table 19.2 shows the
evaluated improvement scores. Although improvement in "facial dryness,"
"flush," and "holding of cosmetic" was observed in both the ceramide and
the placebo groups, the scores were better in the ceramide group. Regard
ing general skin parameters, significant improvement in "itching," "dry
ness," and "flush" was observed in both groups. However, the improvement
rates were higher in the cerami de group and the overall improvement
(64.7%) was only significant in the cerami de group (Table 19.2).

Water content, oil content, and acidity of the skin before and after ingestion
in the ceramide and placebo groups are summarized in Table 19.3. Signifi
cant increase in water content was found in the face, neck, and forearm
of subjects in the ceramide group after 6 weeks of ceramide ingestion. No
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significant change was found in the placebo group. No significant change
was found for acidity and oil content in either group (Table 19.3).

Results of imaging analysis of skin using VISIOSCAN are shown in
Table 19.4. Significant improvement was obtained for kurtosis (represent
ing smoothness of total skin), SE sm value (an index of skin smoothness
calculated from the depth, width, and notch of furrows), and SE r (index of
skin roughness) in the ceramide group. No significant improvement was
found in the placebo group. SE w (number and width of skin wrinkles)
was significantly improved only at the site below the left eye after 3 weeks
of ingestion in the ceramide group. These findings show that a dietary
supplement of rice-derived ceramide reduces skin dryness and improves
general skin health.

19.3 Tocotrienol Prevents UV Damages in the Skin

UV photons induce skin damage mainly through two mechanisms [4].
One is the direct absorption of ultraviolet via cellular chromophores that
can lead to photo-induced DNA base damage, with the consequence of
increased mutation rate [4]. The other mechanism is photosensitization
leading to formation of free radicals including reactive oxygen species
(ROS) and reactive nitrogen species (RNS) [5]. ROS include singlet
oxygen ('02), superoxide anion, HP2' and hydroxyl radical (OH) ROS
and RNS are also constantly generated in keratinocytes and fibroblasts, but
rapidly neutralized by nonenzymatic (ascorbic acid, tocopherol, ubiqui
nol, and glutathione) and enzymatic (glutathione peroxidases, superoxide
dismutases, catalase, and quinine reductase) antioxidants in vivo [5].
However, UV radiation produces excessive free radicals that cannot be
neutralized by endogenous antioxidants. These excessive free radicals
are the pathogenesis of a number of skin disorders, allergic reactions,
and neoplasms. Moreover, ROS induce expression of activator protein-l
(AP-l) and nuclear factor-xll (NF-KB) [5]. Activation of these factors
causes inflammation, flare, and pigmentation. Highly reactive peroxynitrite
(ONOO-), which is a reaction product of super oxide anion and nitric
oxide (NO), damages DNA and thereby causes point mutations, deletions,
and chromosomal rearrangements [5].

Plant-derived polyphenols (e.g., caffeic acid, quercetin, genistein, resveratrol,
nordihydroguaiaretic acid, carnosic acid, silymarin, catechins, and procya
nidin B1) have antioxidative activity [6] and thus can help neutralize
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excessive oxidants and prevent UV damages in the skin. Our laboratory
has developed a number of extracts from rice germ and other plants for
cosmetics and dietary supplements for supporting skin health. In this
section, we introduce functions of tocotrienol, a hydrophobic antioxidant
derived from rice bran oil and palm oil.

Rice bran oil is a traditional plant-derived oil widely used as a cooking oil
in Southeast Asia. The oil contains large amounts of unsaturated fatty
acids, as well as other healthy constituents such as y-oryzanol, sterols,
tocopherols, and tocotrienols. Our product Oryza tocotrienol" is extracted
and refined from rice bran oil. It contains large amounts of tocotrienols
and tocopherols. The chemical structure of tocotrienol is similar to that of
tocopherols (Fig. 19.3). y-Tocotrienol is the principal constituent in rice
tocotrienols and has been demonstrated to show biological activity in skin.
Weber et al. [7] found that topical application of tocopherols and toco
trienols to mice increased content of a-tocopherol and vitamin E deriva
tives in their skin (Fig. 19.4). Even after UV irradiation, the remaining
contents of these components were still significantly higher than that of
the control group. The result shows that topically applied tocotrienol and
tocopherol can permeate into skin and protect skin from UV damage.

Also, orally applied tocotrienols have been reported to reach skin. Khanna
et al. [8] revealed that tocotrienol given orally reached the skin in tocoph
erol-deficient mice. Ikeda et al. [9,10] reported that continuous supp
lementation of y-tocotrienol increased its contents in rat skin. Human
epidermis contains 3% tocotrienol and 1% tocopherol [11]. Hence, oral

R, R,

HO~ HO'AjU CH3 CH3 CH3 CH3 ~Jl /CH3 CH3 CH3 CH3
R2~ O ......~~CH R2:::", O/~""CH3I 3

R3 R3

R, R2 R3 R, R2 R3

a-tocotrienol CH3 CH3 CH3 a-tocopherol CH3 CH3 CH3

P-tocotrienol CH3 H CH3 P-tocopherol CH3 H CH3

y-tocotrienol H CH3 CH3 y-tocopherol H CH3 CH3

6-tocotrienol H H CH3 6-tocopherol H H CH3

Figure 19.3 Structures of tocotrienols and tocopherols.
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Figure 19.4 The contents of alpha-tocopherol and other vitamin E
derivatives in murine skin treated with tocotrienol rich fraction (TRF)
containing alpha-tocopherol, gamma-tocopherol, alpha-tocotrienol,
and gamma-tocotrienol [7]. Each column represents mean with SD.
Polyethylene glycol (PEG) means control group.

application of tocotrienol is expected to be effective for the protection of
skin from uv.

19.4 Plant Extracts Enhance Skin Turnover and Inhibit
Skin Pigmentation

19.4.1 Enhanced Fibroblast Proliferation

Fibroblasts play significant roles in epithelial-mesenchymal interactions,
secretion of various growth factors and cytokines, and differentiation and
formation of the extracellular matrix [12]. The interaction of fibroblasts
and keratinocytes is essential in the wound-healing process [13]. Keratino
cytes stimulate fibroblasts to synthesize growth factors, which in return
stimulate keratinocyte proliferation in a double-paracrine manner. We
found a number of plant extracts that enhanced fibroblast proliferation
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Table19.5 Proliferative Effect of Food-Derived Materials on
Fibroblast Proliferation

377

Citrus unshiu peel extract
Yuzu seed extract
Kiwifruit seed extract
Rice ceramide
a-Lipoic acid
Rice tocotrienol

Cell name

NBIRGB
NBIRGB
NBIRGB
HSK
NBIRGB
NHDF

Concentration
(ug/ml)

10
10
10

300
25
25

Proliferative
ratio (0/0)

20
40
70
63
22
22

Cells were treated with each sample for 2 days.

in vitro (Table 19.5). Kiwifruit seed extract contains flavonoid glycosides
such as quercitrin and kaempferol 3-0-rhamnoside. The biological activ
ity of this extract has not yet been well studied. Yuzu (Citrus junos) is a
citrus species that is mainly cultivated in Japan. Yuzu seed extract contains
limonoids (triterpenoids) such as limonin and nomilin. Citrus unshiu is
also a citrus species fruit mainly cultivated in Japan and China. It contains
~-cryptoxanthin and flavonoids (hesperidin). Kiwifruit seed, a food
derived material extract, exhibited the most potent proliferative effect
for fibroblasts (70% at to ug/ml), followed by yuzu seed extract (40% at
10 ug/ml), Citrus unshiu peel extract (20% at 10 ug/rnl), and rice tocotrienol
(22% at 25 ug/ml), The activity of synthetic a-lipoic acid in enhancing
fibroblast proliferation was similar to that of rice tocotrienol. In addition to
its fibroblast-proliferative effect, yuzu seed extract also inhibited Sa-reductase
and lipase. Application of these plant-derived substances in cosmetics may
enhance proliferation of skin fibroblasts.

19.4.2 Enhanced Skin Turnover

The epidermis is constituted and continuously regenerated by terminally
differentiating keratinocytes [14]. In the wound-healing process, an
increase in cytokine and growth factor production from keratinocytes and
fibroblasts is induced to enhance skin cell proliferation [15]. For evalua
tion of effects of various compounds on skin turnover, a three-dimensional
cell culture system has been established by which skin-composing cells
are seeded trilaminarily onto membranes that form epidermis, basal lam
ina, and dermis layers [16-19]. Using this in vitro human skin model, we
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Figure 19.5 Light microscope photograph (x400) of cultured
three-dimensional human skin model (TESTSKINTM, Toyobo Co., Ltd.,
Japan) with and without supplementation of yuzu seed extract.

evaluated the effect of our plant extracts on skin turnover. Yuzu seed extract
was found to enhance thickening of the epidermis and dermis (Fig. 19.5),
suggesting its proliferative activity for skin cells in these layers. The result
suggests that yuzu seed extract promotes skin turnover and may have a
softening effect for the skin, and thus can be used as an additive for skin
care products.

19.4.3 Inhibited Skin Pigmentation

Melanin is produced from tyrosine by multiple enzymes contained in
melanocytes in the basal layer of the epidermis. Because tyrosinase is the
rate-limiting enzyme in melanin production, inhibition of this enzyme
has been considered as a basic strategy for developing skin care products
with whitening effect. We found tyrosinase-inhibiting activity in a num
ber of plant extracts and in a-lipoic acid, as shown in Table 19.6. Litchi
seed extract and evening primrose seed extract exhibited the strongest
tyrosinase-inhibitory effect, followed by Citrus unshiu peel extract, broc
coli sprout extract, and kiwifruit seed extract. In addition, melanin forma
tion in melanoma cells was suppressed in vitro by most of the extracts we
tested to various extents (Table 19.6). Finally, topical or oral application of
some of these extracts suppressed UV-induced pigmentation in guinea pigs
(Fig. 19.6) [20]. In particular, litchi seed extract, kiwifruit seed extract, and
rice ceramide inhibited tyrosinase, suppressed melanin formation in vitro,
and suppressed UV-induced pigmentation in vivo. The former two extracts
contain polyphenols: litchi seed extract contains anthocyanins such as
cyanidin 3-0-glucoside and malvidin 3-0-glucoside, and evening primrose
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Figure 19.6 Effect of kiwifruit seed extract on skin hyperpigmentation
in guinea pigs induced by UV-B. Each point represents mean with the
S.E. (n =4). Asterisks denote significant differences from the control,
"p < 0.05, up < 0.01, respectively. Decrease in ~L* value means change
in brightness to darker.

seed extract contains condensed tannins and hydrolyzable tannins.
Ceramide is a skin component and its content decreases with age and in
dermatitis. These extracts provide effective ingredients for skin-whitening
products.

19.5 Conclusion

We described the effects of several of our extracts derived from plants in
preventing skin damage induced by UV, in enhancing fibroblast proliferation
and skin turnover, and in suppressing skin pigmentation. Oral and topical
application of these substances may thus protect skin and promote skin
health.
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20.1 Introduction

A smooth, blemish-free, healthy, and youthful skin tone is exactly what
consumers want and desperately wish to hold onto. Unfortunately, not
everybody is given clear skin at all stages of life, especially teenagers. Adult
women can also suffer tremendously from acne, blemishes, and associated
poor complexion. The link between eating habits, health, and physical
appearance is becoming increasingly evident and has made consumers all
over the world open to the concept of ingestible beauty products.

For this highly interesting, fast-growing market segment, DMV International
developed a natural ingredient from whey-to be taken orally-that has
been shown in several consumer studies to support a healthy skin appear
ance. Since its introduction on the market, mid-2005, the ingredient has
been used in multiple new products launched worldwide. The brand name
of this successful ingredient is Praventinf", an ingredient derived from
whey predominant in lactoferrin.

20.1.1 Acne Vulgaris

Acne vulgaris is a simply identifiable dermatologic condition. It is one of
the most common skin complaints, with prevalence in adolescents reaching
nearly 85%. Small noninflammatory acne lesions may not be more than a
minor annoyance, but consumers with harsher inflammatory nodular acne
can suffer soreness. The resulting social embarrassment, as well as acne
associated physical and psychological scarring, can be life changing [1-3].
Acne vulgaris starts with the formation of a microcomedo. As shown in
Fig. 20.1, the next stage comprises noninflammatory lesions, namely closed
comedones (whiteheads) and open comedones (blackheads). The non
inflammatory lesions can turn into inflammatory lesions.

Dependent on the degree of severity, the inflammatory lesion range com
prises papules, pustules, and nodulocystic lesions. The stimulus for micro
comedo formation is still uncertain. The strongest leads implicate androgen
hormones, alterations in follicular linoleic acid levels, and the inflammatory
cytokine interleukin-l a. Other factors, such as genetic predisposition, stress,
and diet, may also affect the development and severity of acne.
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Figure 20.1 Picture of (A) a normal pilosebaceous unit (consisting of
hair follicle and sebaceous glands), (8) an open comedone (blackhead),
and (C) a closed comedone (whitehead). (1) skin surface and hairs;
(2) sebaceous gland; (3) follicle; (4) enlargement of follicle opening.

20.1.2 Current Consumer Strategies for Poor Complexion

Topical and systemic therapies form two of the major therapeutic strate
gies for the treatment of acne today (Table 20.1). Dependent on the severity
of the lesions, a single or combined therapy is applied. In general, the
topical and systemic therapies aim at inhibition of hyperkeratosis, follicu
lar plugging, diminishment of sebum production, reduction of bacterial
load (e.g., Propionibacterium acnes), and inflammatory responses. The
main active compounds of therapies (usually in gel, cream, or solution
formulations) comprise retinoids and antibiotics. Hormonal treatment is
occasionally used for most types of acne in both adult and adolescent
females. As depicted in Table 20.1, the therapies are often accompanied
by adverse side effects [4-6].

20.2 A Whey Protein Complex Supporting
a Healthy Complexion from the Inside

Lactoferrin-predominant whey is created by a proprietary process [7] that
derives a bioactive protein and peptide complex. Lactoferrin-predominant
whey protein is based on milk's many bioactive components, with specific
physiological effects to support a healthy complexion from the inside. Lac
toferrin-predominant whey protein is a patented ingredient for the reduc
tion of blemishes and redness associated with a poor complexion [7]. The
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mechanisms of action for the internal support of healthy skin are yet to be
elucidated; however, several pathways are suspected in supporting healthy
skin, including: (a) calming irritated skin by neutralizing the release of
lipopolysaccharides to modulate the activity of immune cells; and (b) sup
pressing the oxidation of a compound found in skin lipids called squalene.
The effect of lactoferrin-predominant whey protein in promoting a healthy
complexion from the inside has been nicely demonstrated in several con
sumer test market studies with both American and Asian teenagers.

20.2.1 Human Consumer Studies with Praventin™

The first human consumer study with lactoferrin-predominant whey
protein was performed between September and December 2004 in the
United States. Forty-four teenagers (23 males and 21 females, with an
average age of 15.3 years) who reported having more than 10 acne lesions
on their face received 200 mg of lactoferrin-predominant whey protein in
a dosage of two chewable tablets twice daily for eight successive weeks.
At baseline (week 0 before treatment started), and every 2 weeks there
after, subjects filled out questionnaires about their skin condition with a
final questionnaire at week 12 (4 weeks after the treatment stopped). Every
2 weeks front-profile photographs were taken by an independent photo
grapher and analyzed by an independent dermatologist [8]. The number of
blackheads (open comedones) and nonblackheads (including whiteheads,
closed comedones, papules, pustules, and nodulocystic lesions) were
counted on the forehead, left cheek, right cheek, chin, and nose. For each
subject blackheads and nonblackheads were summed over the facial
regions each week. Data were analyzed by Wilcoxon Signed-Rank test in
Stat/SE Version 8.2 (StataCorp, College Station, TX).

Oral supplementation with lactoferrin-predominant whey protein resulted
in a considerable decrease in skin blemishes; an example of one of the
results with one of the subjects can be seen in Fig. 20.2. The decrease in
total blemishes over time for individual subjects is shown in Fig. 20.3
and Table 20.2. The results in Table 20.2 show a median decrease of 71 %
in complexion blemishes after one month and 95% after two months
(p < 0.001). Using regression models, it was shown that the changes
over time were not affected by gender (p = 0.165) or age (p = 0.667).
Importantly, no adverse side affects were reported after 8 successive
weeks of lactoferrin-predominant whey protein supplementation on a
daily basis.
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Figure 20.2 Example of one of the subjects of the first American
consumer study in Delhi, New York, week 0 (left) compared to
week 8 (right).

Figure 20.3 Total blemishes (blackheads + whiteheads) across time for
individual subjects (grey), with median line superimposed (black) in first
American consumer study.

In addition to these objective measurements, the teenagers were asked a
set of questions about how they observed that lactoferrin-predominant
whey protein had supported the reduction of blemishes and redness. Of all
the subjects, 76% saw visible differences in their complexion, such as
fewer blemishes, reduction in redness, and less oiliness. The teenagers
reported "healthier looking complexion and healthy feeling." The majority
(83%) stated they would like to continue taking lactoferrin-predominant
whey protein and would advocate its use to their friends. The teenagers
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Table 20.2 Overview of the Median Percent Reduction in Total Blemishes
(Blackheads + Nonblackheads) of the First American Consumer Study:
Overall and Stratified by Level of Severity at Baseline

Level of Severity

All subjects (n =44)
oto 10blemishes at baseline (n =7)
11 to 50 blemishes at baseline (n =20)
More than 50 blemishes at baseline (n = 17)

*p < 0.001, **p = 0.028.

Week 2

44.4%*
12.5%

40.0%*
66.9%*

Week 4

70.9%*
50%

72.8%*
71.8%*

WeekS

95.4%*
87.5%**
97.3%*
95.1%*

found the supplementation of lactoferrin-predominant whey protein a safe
and natural way that was effective for the support of the reduction in blem
ishes and redness associated with a poor complexion, which was very
appealing to them.

A second follow-up consumer study with lactoferrin-predominant whey
protein was performed between January and March 2006 in the United
States in the same region as in the above-mentioned study. Forty-two
teenagers, who reported having more than 10 acne lesions on their face,
were stratified by acne severity and gender and randomized in two groups:
group 1 (n =15, average age 15.1 years) and group 2 (n =13, average age
15.3 years). They received two chewable tablets twice daily containing a
total of 25 mg or 200 mg of Praventin'P', respectively, for a period of
8 weeks. Again, pictures were taken by a photographer and analyzed by an
independent dermatologist [8]. Data were analyzed by Wilcoxon Signed
Rank test in StatlSE Version 8.2.

The effects of lactoferrin-predominant whey protein intake on the number
of blemishes, as shown in the first consumer study, was repeated in the
second consumer study; Fig. 20.4 shows a picture of one of the teenagers
as an example of the reduction in blemishes observed. Figure 20.5 shows
the results: group 1 (25 mg Praventin''?') did not show a decrease of total
blemishes, whereas group 2 (200 mg PraventinTM) did show a decrease
over the 8-week period. Compliance with the chewable intake was again
high, and no adverse side effects were reported.

Next to these two consumer studies with American teenagers, a pilot study
in India took place between March and May 2006. Fourteen subjects
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Figure 20.4 Example of one of the subjects of the second American
consumer study in Delhi, New York, week 0 (left) compared to
week 8 (right).

30
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Figure 20.5 Change in total blemishes for individual subjects consuming
lactoferrin-predominant whey protein at 25 mg (grey) and 200 mg
(grey and white) dosages between baseline and week 8 in the second
American consumer study.

having mild to moderate acne were enrolled in the study (4 males and
to females, with an average age of 20.9 years [range 15-27 years]). The
subjects received 200 mg of lactoferrin-predominant whey protein in
chewable tablets for 12 successive weeks, to be consumed as two tablets
twice daily. Again, front-profile photographs were taken at week 0 (base
line), which occurred before treatment started, as well as at weeks 2, 4, 8,
and 12, and they were analyzed by a dermatologist.
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Figure 20.6 Mean total blemishes across time for all subjects in Indian
pilot study (third consumer study).

Figure 20.7 Example of one of the subjects of the Indian pilot consumer
study in New Delhi, India, week 0 (left) compared to week 4 (right).

In the Indian subjects, the median number of total blemishes decreased by
31% at the end of week 2 and up to 76% at the end of week 12. Figure 20.6
shows the mean of total blemishes plotted against time for all the subjects.
There was a significant decline in the number of inflammatory and non
inflammatory blemishes over time. Particularly, inflammatory blemishes
(papules, pustules, and nodules) showed a sharper reduction in number and
even disappeared in most individuals (results not shown). As an example of
the effects of lactoferrin-predominant whey protein supplementation,
Fig. 20.7 shows the results obtained for one of the Indian subjects. As per the
interview details and subjective observations by the participants, the effect
of treatment was fair to very good in 75% of the cases. Though new lesions
appeared during the treatment, they were fewer in number, less inflamed,
and less erythematous, and they healed in a short duration of 3-4 days.
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20.2.2 Conclusion Human Consumer Studies

As demonstrated in three consumer studies, lactoferrin-predominant
whey protein can be used to reduce the number and severity of blemishes
associated with a bad complexion and can contribute positively to the
physical and emotional well-being of teenagers and young adults. The
effects of lactoferrin-predominant whey protein are observed in subjects
with different skin types (i.e., Caucasian versus Asian) and different local
diets. Furthermore, the effects of Praventin appear to be largely independent
of gender or seasonal influences.

In contrast to reported side effects for retinoid-, antibiotic-, or hormone
based antiacne therapies (Table 20.2), these studies show that intake of
lactoferrin-predominant whey protein on a long-term basis did not result
in any adverse side effects.

20.2.3 Proposed Mechanism for Clear Complexion
Supporting Effects of Lactoferrin-Predominant Whey Protein

As mentioned, lactoferrin-predominant whey protein is a complex mixture
of different bioactive protein components in milk. Lactoferrin is part of this
bioactive protein complex, and it is believed that lactoferrin, possibly in syn
ergy with other compounds in the whey protein complex, plays an important
role in the effects of lactoferrin-predominant whey protein [9-11]. Bovine
lactoferrin has been shown to express several biological properties, some
of which are likely relevant to the prevention and treatment of a healthy
complexion; these properties include antimicrobial, anti-inflammatory,
and antioxidant effects [12-16]. It may be hypothesized that Praventin™
acts via one or a combination of these three different mechanisms in sup
porting a healthy complexion.

20.2.3. 1 Antimicrobial Activity

The antimicrobial action was investigated in a growth inhibition assay.
Propionibacterium acnes (ATCC 11827) was cultivated in reinforced
clostridial medium at 37°C in an anaerobic chamber under an atmos
phere of 90% N2, 5% CO 2, and 5% H2• Bacteria were suspended at a
concentration range of 106 CFU/ml in reinforced clostridial medium.
Lactoferrin-predominant whey protein solutions (16% w/v) were made
in sterile water. In a micro-plate setup, the bacterial suspension (I 00 ul)
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Figure 20.8 Effect of 4% lactoferrin-predominant whey on the growth of
P acnes in vitro. Effect of 4% lactoferrin-predominant whey on the growth
of P acnes in vitro.

was incubated together with lactoferrin-predominant whey protein (50 Ill)
and twice-concentrated reinforced clostridial medium (50 Ill). The optical
density (00 600 nm) was measured at hours 24, 36, 48, 60, and 72.
Figure 20.8 shows that multiple lactoferrin-predominant whey protein
batches inhibit the growth of P. aenes. Likely, lactoferrin contributes to the
antimicrobial properties against propionibacteria or other acne-related bac
teria and this may be accomplished by mechanisms such as iron-scavenging,
disruption of cell membranes, or inhibition of biofilm formation.

20.2.3.2 Anti-inflammatory Activity

Skin inflammation is associated with redness of the skin. The reduced red
ness in the human consumer studies is indicative of an anti-inflammatory
effect of lactoferrin-predominant whey protein. The reduced erythema in
the Indian pilot study also supports the anti-inflammatory effect of lacto
ferrin-predominant whey protein. Lactoferrin is well known for its anti
inflammatory effects in general. In the skin, lactoferrin may modulate the
immune response in the anti-inflammatory direction, through binding of
free iron, which catalyzes formation of free radicals. Free radicals playa
role in the induction of inflammation. It may also neutralize the effects of
the inflammation mediator, lipopolysaccharide (which is released by acne
related bacteria) or modulate the activity of, for instance, skin-specific
immune cells. It has been shown in other studies that lactoferrin affects
skin immunity [17,18].
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20.2.3.3 Antioxidant Activity

Skin surface lipids and lipids from open and closed comedones in acne
patients are enriched in polar lipids, as compared with skin surface lipids
acquired from acne-free controls [19-21]. In both open and closed come
dones, these polar lipids appeared to be derived mainly from the oxidation
of squalene (compound of skin lipid), and for that reason it has been
suggested that squalene oxidation is the link between comedogenesis and
bacterial colonization, and furthermore that it plays an essential role in the
pathogenesis of acne. Interestingly, in a recent study with 10 healthy
volunteers it was demonstrated that topical application of lactoferrin
predominant whey protein is able to prevent cutaneous lipid peroxidation,
as measured by the squalene:squalenehydroperoxide ratio (unpublished
results). These results indicate that lactoferrin-predominant whey protein
may support a healthy complexion by preventing squalene oxidation, and
subsequent comedogenesis. It may therefore be suggested that lactoferrin
predominant whey protein exerts part of its antiacne activity by preventing
the oxidation of squalene.

20.3 Conclusions of the Use of Lactoferrin-Predominant
Whey Protein for Clear Skin

The statistical data obtained from all three studies with teenagers and
young adults demonstrated that orally administered lactoferrin-predominant
whey protein is a beneficial way to support the reduction of blemishes and
redness associated with a poor complexion. Although the mechanism
explaining the positive effects of lactoferrin-predominant whey protein
has not yet been fully elucidated, it can be hypothesized that lactoferrin
from whey plays an important role. It is likely that lactoferrin, in a syner
gistic fashion with the other components, plays an important role in its
effects.A possible way of action may involve a combination of antimicrobial,
anti-inflammatory, and antioxidant activity.

The majority of the study population testified to beneficial effects of
lactoferrin-predominant whey protein intake: they noticed reduced blem
ishes, felt better and healthier, and were determined to continue intake of
lactoferrin-predominant whey protein. The outcome of the studies forms
a solid base to position lactoferrin-predominant whey protein as a natu
ral ingredient to support a healthy complexion by helping to reduce the
blemishes and redness associated with a bad complexion. In contrast to
current systemic and topical antiacne therapies (based on antibiotics,
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retinoids, or other compounds), lactoferrin-predominant whey protein
supplementation is not accompanied by side effects and can be used on
a continuing basis.

Glossary

Acne vulgaris: A chronic inflammatory disorder of the piloseba
ceous unit. The existence of a comedone is critical
for the diagnosis.

Microcomedo: First stage in acne vulgaris: follicular plugging of
the duct of a pilosebaceous unit (which consists of
a hair follicle and a sebaceous gland).

Comedone: A comedone is a sebaceous follicle plugged with
sebum, dead cells from inside the sebaceous follicle,
tiny hairs, and sometimes bacteria (e.g., P acnes).
When a comedone is open, it is often named a
blackhead because the exterior of the plug in the
follicle has a dark appearance. A closed comedone
is generally described as a whitehead because its
appearance is usually that of a skin-colored bump
(see Fig. 20.1).

Papule: An inflammatory comedone that resembles a small
red bump on the skin.

Pustule: An inflammatory comedone that resembles a white
head with a ring of redness around it.

Nodulocystic lesions: A severe form of acne that is characterized by
copious deep, inflamed bumps (nodules) and large,
pus-filled lesions that resemble sores (cysts). The
severe inflammation can cause the acne to become
exceedingly red or purple.
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Preface

Since ancient times, women have been turning to natural sources to help
them emphasize their own beauty. Today, cosmetics are one of the most
important and fastest growing businesses in the world. We are witnessing
a new emerging market of products that are serving the purpose of
enhancing a new concept called "beauty from within." Modern cosmet
ics, even better to say "cosmeceuticals," are not only focusing on topical
creams and other preparations that help our skin look younger and slow
down the aging process, but also offer solutions for attacking free radi
cals inside our body by providing simultaneous supplements of natural
antioxidants.

There is a growing concern about the potential health hazard of synthetic
ingredients (antioxidants, preserving materials, and other functional
ingredients) for human health. Therefore, a renewed interest in the use of
naturally occurring compounds is showing an increasing trend line.
Because they occur in nature and in many cases are derived from plant
sources, natural isolated compounds are presumed to be safe. Rosemary
(Rosmarinus officinalis) extracts are widely used in the food, nutraceuti
cal, and cosmetic areas. Their major bioactive components have shown
antioxidant, antimicrobial, anti-inflammatory,anticarcinogenic, and chemo
preventive activities. Phenolic diterpenes isolated from rosemary are
compounds that have these beneficial properties. Major phenolic diter
penes occurring in fresh rosemary are carnosic and rosmarinic acid and
their derivatives.

In this chapter we will present the results of antioxidative activity of
rosemary bioactive compounds that have been studied in comparison to
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synthetic additives and other natural products used in the cosmetic industry
and their benefits.

21.1 Introduction

The use of natural ingredients in cosmetic products has a very long
history. Since ancient times, women have turned to the goodness of nature
to help increase their own beauty. An increasing number of cosmetic
products based on plant preparations are available in the market today.
Production of bioactive compounds from biological materials and their
use in nutrition, cosmetics, and pharmacy is, at the moment, a field in
which intense scientific research is being performed. Bioactive ingredi
ents represent compounds that have numerous specific pharmacological
and technological values, such as natural antioxidants, natural preserva
tives, natural coloring agents, antimicrobiological active compounds,
and others.

During processing and storing, food, cosmetics, and pharmaceutical products
are exposed to environmental factors such as atmospheric composition,
light, and temperature. These factors promote their spoilage. The following
changes caused by oxidation may occur during cosmetic formulation
storage: fragrance profile change, vitamin and active ingredient decompo
sition, color change, and development of rancidity. A major cause of this
quality deterioration is the autoxidation of unsaturated lipids initiated by
free radicals.

Antioxidants are crucial additives in cosmetic preparations for increasing
their shelf life. Additionally, they can also be useful bioactive cosmetic
ingredients to protect the skin against free radical formation induced by
UV radiation and chemical environmental stress [1]. Natural extracts with
antioxidant properties recently have gained popularity because many
studies show that natural ingredients are better and safer than synthetic
ones. The interest in natural antioxidants is further heightened by the sug
gestions that many of these compounds, such as plant phenolics, often
possess antioxidant, antimicrobial, anti-inflammatory, chemopreventive,
anticarcinogenic, antiatherogenic, and antitumor activity [2].

Rosemary leaves are well known for their essential oils, which are used in
oral hygiene products, bath oils and massage fluids, etc. In addition, they
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are a source of highly active antioxidant compounds belonging to the
group of diterpene phenols.

21.2 Review of Bioactive Compounds from
Rosemary and Their Activity

The major phenolic diterpene present in fresh rosemary is carnosic acid,
which is chiefly responsible for the antioxidant properties of rosemary
extracts. Carnosic acid is converted to carnosol upon heating, and carnosol
can degrade further to produce other degradation products. Carnosic
acid-based rosemary extracts are oil-soluble.

Among various phenolics, rosmarinic acid is an important caffeoyl ester
with proven medicinal properties and well-characterized physiological
functions. Rosmarinic acid, the major active ingredient in water-soluble
extracts, is found in substantial quantities in the family Labiatae, with
medicinal uses in several cultures [3]. Rosmarinic acid is thought to be a
part of the plant defense system against bacterial infections and predators.

Ursolic and oleanolic acids are pentacyclic triterpenoid compounds present
in a large number of vegetarian foods, folkloristic botanical herbs, and
other plants, and they are an integral part of the human diet. For a long
time, they were considered to be pharmacologically inactive. Thus, ursolic
acid and its alkali salts were exclusively used as emulsifying agents in
pharmaceutical, cosmetic, and food preparations. However, upon closer
examination, ursolic acid was found to be medicinally active both topi
cally and internally. For the past 20 years, more than 1,000 articles have
been published on the research of ursolic acid and its alkali salts, reflecting
tremendous interest and progress in understanding these triterpenoids'
effects and mechanisms of action. Ursolic acid's anti-inflammatory,
anti-tumor (skin cancer), and antimicrobial properties make it useful in
cosmetic applications. Ursolic and oleanolic acids are effective ingredients
for internal and external skin care, imparting skin and hair protection.
Following the literature data [4], they have the following activities: inhibiting
the enzyme leukocyte elastase, which catalyzes rupture of the cell mem
branes in inflamed tissues while helping to maintain structural integrity of
the skin; promoting collagen build-up and elastin synthesis, therefore
helping to maintain the integrity of the skin; preventing wrinkling and
aging and improving the appearance of photoaged skin; and increasing
blood circulation in the skin and scalp. Ursolic and oleanolic acids
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have been shown to enhance hair growth and prevent scalp irritation,
provide alopecia- and dandruff-preventing effects, inhibit the action of
pro-inflammatory enzymes (thereby preventing skin inflammation), protect
against topical skin cancer, potentially inhibit dental plaque formation and
dental caries, and stabilize liposome membranes [4].

Structures of carnosic acid, rosmarinic acid, ursolic acid, and oleanolic
acid are presented in Fig. 21.1.

Carnosic acid and its derivative carnosol are powerful inhibitors of lipid
peroxidation in microsomal and liposomal systems as reported by Aruoma
et al. [5]. This study confirmed effective peroxyl radical scavenging capac
ity of carnosol and carnosic acid in microsomal and liposomal model
systems.

The potent chemoprotective activity of carnosic acid against aflatoxin B I
was reported by Costa et al. [6]. Because oxidative stress plays an important
role in the toxicity mechanism of several mycotoxins such as aflatoxin B I,
the use of natural or synthetic free radical scavengers could be a potential

(a)
OH

(b)
OH

eOOH ?'

~
OH

~
0

HO

OH

(c) (d)

HO HO

Figure 21.1 Chemical structures of antioxidative components from
rosemary: (a) carnosic acid, (b) rosmarinic acid, (c) ursolic acid,
(d) oleanolic acid.
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chemopreventive strategy. A study made by Costa et al. [6] shows the
considerable free radical scavenging capacity of carnosic acid.

Carnosic acid and carnosol were found to potentiate the antimicrobial activ
ity of aminoglycosides [7]. The authors of this study report that a crude
extract from Salvia officinalis (sage) reduced the minimum inhibitory con
centrations (MIC) of aminoglycosides in vancomycin-resistant enterococci
(VRE). Carnosol showed a weak antimicrobial activity and greatly reduced
the MICs of various aminoglycosides (potentiated the antimicrobial activity
of aminoglycosides) and some other types of antimicrobial agents in VRE.
Carnosic acid, a related compound, showed similar activity. The effect of
carnosol and carnosic acid with gentamicin was synergistic.

It has been reported [8] that carnosic acid and carnosol reduce membrane
damage and lower DNA damage induced by oleic acid hydroperoxide
(OAHPx). Carnosic acid and carnosol inhibited lipid peroxidation by
88-100% and 38-89%, respectively, under oxidative stress conditions.
Both compounds significantly lowered DNA damage induced by OAHPx.
Results of this study suggest that antioxidant activities of carnosic acid
and carnosol could be partly due to their ability to increase or maintain
glutathione peroxidase and superoxide dismutase activities.

Carnosic acid has antiplatelet activity [9]. In a study performed by Lee and
co-authors [9], carnosic acid was reported to significantly inhibit collagen-,
arachidonic acid-, U46619-, and thrombin-induced washed rabbit platelet
aggregation. In agreement with its antiplatelet activity, carnosic acid
blocked collagen-, arachidonic acid-, U46619-, and thrombin-mediated
cytosolic calcium mobilization. Accordingly, serotonin secretion and
arachidonic acid liberation were also inhibited in a similar concentration
dependent manner. However, in contrast to the inhibition of arachidonic
acid-induced platelet aggregation, carnosic acid had no effect on the for
mation of arachidonic acid-mediated thromboxane A2 and prostaglandin D2,

thus indicating that carnosic acid has no effect on the cyclooxygenase and
thromboxane A2 synthase activity. Overall, these results suggest that the
antiplatelet activity of carnosic acid is mediated by the inhibition of
cytosolic calcium mobilization and that carnosic acid has the potential of
being developed as a novel antiplatelet agent.

Offord et al. [10] reported about photo protective activity of carnosic
acid. The photoprotective potential of the dietary antioxidants vitamin C,
vitamin E, lycopene, beta-carotene, and the rosemary polyphenol, carnosic
acid, was tested in human dermal fibroblasts exposed to ultraviolet-A
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(UVA) light. The carotenoids were prepared in special nanoparticle for
mulations together with vitamin C and/or vitamin E. The presence of
vitamin E in the formulation further increased the stability and cellular
uptake of Iycopene. UVA irradiation of the human skin fibroblasts led to
a 1O-15-fold rise in metalloproteinase I (MMP-I) mRNA. This rise was
suppressed in the presence of low micromolar concentrations of vitamin E,
vitamin C, or carnosic acid but not with beta-carotene or Iycopene. In
conclusion, vitamin C, vitamin E, and carnosic acid showed photopro
tective potential.

Numerous laboratory studies indicate that rosemary extract, which is based
on carnosic acid and derivatives, can prevent cancer-causing chemicals
(carcinogens) from binding to and possibly mutating cellular DNA-two
of the earliest steps in cancer development [11,12].

According to Perez-Fons et al. [2), diterpenes and genkwanin from
rosemary show membrane-rigidifying effects. This may contribute to their
antioxidant capacity through hindering diffusion of free radicals.

Nolkemper et al. [13] reported on the antiviral activity of aqueous rosemary
extract. It shows very good results against Herpes simplex and offers a
chance to use it for topical therapeutic application against recurrent herpes
infections.

The application of rosemary extract in cosmetic dermatology was reviewed
by Calabrese et al. [14], who concluded that aqueous rosemary extract is
endowed with antioxidant activity and that it may therefore constitute an
efficient pharmacological tool to control lipoperoxidative changes of the
skin, thus highlighting the importance of a natural antioxidant biotechnol
ogy in the antiaging treatment of skin. Both in vitro and in vivo systems
were used to confirm that aqueous rosemary extracts are capable of
inhibiting oxidative alterations to skin surface lipids.

A rosmarinic acid-based extract may protect human skin against the harm
ful effects of UV radiation [15]. Because of its antioxidative properties, it
could be used against oxidative stress-mediated disorders [16-19]. As an
antioxidant, rosmarinic acid prevents cell damage caused by free radical
reactions-reactions that are thought to be involved in inflammation,
degenerative arthritis, and the aging process in general [16,17,19,20].

Rosmarinic acid could be used in cosmetics for its antioxidant properties
and because it supposedly promotes collagen and elastin synthesis [21].
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Its anti-inflammatory and antiviral properties make rosmarinic acid also of
interest as a nutritional supplement. It is well absorbed from the gastro
intestinal tract and from skin [21].

Rosmarinic acid shows promise as a preventive agent for atherosclerosis
(the deposition of cholesterol-rich plaques in the artery walls), because
rosmarinic acid and other polyphenols prevent the oxidation of LDL
(low-density lipoprotein), and oxidized LDL is a primary instigator of
plaque formation [21].

Sancheti and Goyal [22] reported about the antitumor-promoting activity
of aqueous rosemary extract in Swiss albino mice. Oral administration of
rosemary leaf extract, at a dose of 1,000 mglkg b.wt./day at pre-, peri-, and
post-initiational phases, was found to be effective in decreasing the tumor
incidence (50%, 41.7%, and 58.3%, respectively) in comparison to the
control (100%). Furthermore, the cumulative number of papillomas, tumor
yield, and tumor burden were also found to be reduced in rosemary-treated
animals. This was associated with significant alteration in liver peroxidation
and glutathione levels.

Ursolic acid has been shown to have chemopreventive properties, as reported
by Garg et al. [11]. Recent research has suggested that these plant polyphe
nols might be used to sensitize tumor cells to chemotherapeutic agents and
radiation therapy by inhibiting pathways that lead to treatment resistance.

According to Ovesna et al. [23], ursolic and oleanolic acid posses anti
inflammatory, hepatoprotective, gastroprotective, cardiovascular, hypo
lipidemic, antiviral, antiatherosclerotic, and immunoregulatory effects.
Both compounds have been shown to act at various stages of tumor
development, including inhibition of tumorigenesis, inhibition of tumor
promotion, and induction of tumor cell differentiation.

Liu [24] reported about the anti-inflammatory and antihyperlipidemic
properties of ursolic and oleanolic acids in laboratory animals. Both
compounds were reported as nontoxic, and their possible use in cosmetics
and health products was discussed.

As suggested by Lee et al. [25], triterpenoids such as ursolic and oleanolic
acids could be suitable material to develop antiaging reagents for skin.
Both compounds induced the differentiation of keratinocytes. Oleanolic
acid enhanced the recovery of epidermal permeability barrier function as
well as increased ceramides in the epidermis after topical application.
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According to Huang et al. [26], rosemary extract possesses skin
tumorigenesis-inhibition properties. In this study a methanol extract of
rosemary leaves was evaluated for its effects on tumor initiation and
promotion in mouse skin. Application of rosemary to mouse skin inhibited
the covalent binding of benzo(a)pyrene to epidermal DNA and inhibited
tumor initiation by benzo(a)pyrene and 7,12-dimethylbenz(a)anthracene
(DMBA). Topical application of 20 nmol benzo(a)pyrene to the backs of
mice once weekly for 10 weeks, followed 1 week later by promotion with
15 nmol 12-0-tetradecanoylphorbol-13-acetate (TPA) twice weekly for
21 weeks, resulted in the formation of 7.1 tumors per mouse. In a parallel
group of animals that were treated topically with 1.2 mg or 3.6 mg of rose
mary 5 minutes prior to each application of benzo(a)pyrene, the number
of tumors per mouse was decreased by 54% or 64%, respectively. Topical
application of 0.1 umol, 0.3 umol, 1 umol, or 2 umol ursolic acid together
with 5 nmol TPA twice weekly for 20 weeks to DMBA-initiated mice
inhibited the number of tumors per mouse by 45-61 %.

A study performed by Both et al. [27] demonstrated that ursolic acid
incorporated into liposomes (URA liposomes) increases both the cer
amide content of cultured normal human epidermal keratinocytes and the
collagen content of cultured normal human dermal fibroblasts.

Based on before-mentioned activities of rosemary extract's main active
ingredients (camosic acid, camosol, rosmarinic acid, ursolic acid, and
oleanolic acid), incorporation of rosemary extracts or the individual active
ingredients into food products, cosmetic products, or food supplements
may contribute significant health benefits to consumers and also to the
oxidative stabilization of products.

21.3 ORAC Values of Oil- and Water-Soluble Rosemary
Extracts Compared to Vitamin C, Vitamin E, and
Dried Fruits and Vegetables

Oxygen radical absorbance capacity (ORAC) is a method of measuring
antioxidant capacities of different foods. One benefit of using the ORAC
method to evaluate a substance's antioxidant capacity is that it takes
into account samples with and without lag phases of their antioxidant
capacities. This is especially beneficial when measuring foods and supple
ments that contain complex ingredients with various slow- and fast-acting
antioxidants, as well as ingredients with combined effects that cannot be
calculated [28]. The ORAC analysis provides a measure of the scavenging
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capacity of antioxidants against the peroxyl radical, which is one of the
most common reactive oxygen species found in the body. RMCD, a cyc1o
dextrin derivative, is utilized to enhance the solubility of the lipophilic
samples in the aqueous solution. Trolox, a water-soluble vitamin E analog,
is used as the calibration standard and the ORAC result is expressed as
micromole Trolox equivalent (TE) per gram.

Figure 21.2 shows ORAC values of oil-soluble rosemary extract with 20%
of carnosic acid as active ingredient (RE-20% CA), water-soluble rosemary
extract with 40% rosmarinic acid as active ingredient (RE-40% RA) in com
parison to vitamin E (90% of total tocopherols), vitamin C (100% pure), and
dried fruits and vegetables. ORAC values of rosemary extracts were deter
mined by Brunswick Laboratories. Data about vitamin C, vitamin E, and
fruit and vegetables ORAC values were taken from the literature [29].

Oil-soluble rosemary extract RE-20% CA with 20% carnosic acid has
an ORAC value of 3,199 umol TE/g. As can be seen from Fig. 21.2, it
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Figure 21.2 ORAG values of water-soluble rosemary extract RE-40%
RA with 40% of rosmarinic acid as active ingredient and oil-soluble
rosemary extract RE-20% GA with 20% of carnosic acid as active
ingredient compared to vitamin G, vitamin E, and dried fruit and
vegetable ORAG values.
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possesses an ORAC value that is 10-60 times better than those of the dried
fruits and vegetables evaluated, 2.7-fold better than that of vitamin E, and
equal to vitamin C.

Water-soluble rosemary extract RE-40% RA with 40% rosmarinic acid
has an ORAC value of 14,111 umol TE/g and, following the ORAC value
data from the literature, shows much better antioxidant capacity than
dried fruits and vegetables. Its ORAC value was 12 times higher than
the vitamin E ORAC value and more than 4 times higher than the ORAC
values of vitamin C and oil-soluble rosemary extract RE-20% CA with
20% of camosic acid as the active ingredient.

From these ORAC values we may conclude that oil- and water-soluble
rosemary extracts, based on camosic and rosmarinic acid as active ingre
dients, are suitable materials for food supplement antiaging preparations,
and these properties are widely used in the supplement industry today.

21.4 Cosmetic Oil Rancidity Protection with
Addition of Rosemary Extracts

21.4.1 Introduction

Many common natural oils such as echium oil, safflower oil, evening
primrose oil, virgin walnut oil, and virgin borage oil are rich in polyun
saturated fatty acids, mainly linoleic (l8:2n-6) and a-linolenic (l8:3n-3)
acids. These natural oils are of significant nutritional importance and
are also desirable emollients for skin care applications. However, the
weakness of unsaturated oils is their high sensitivity to oxidation and
many of them represent limited shelf life during storage as well as in
application [30].

In addition, natural oils are good sources of tocopherols and phytosterols,
components offering both antioxidant activity and bioactivity for skin care
applications. By addition of natural rosemary antioxidants, these compounds
could be additionally protected and even deployed to synergistically work
with rosemary extract in the final application.

The aim of the present study was to test the antioxidant efficiency of the
rosemary extract formulation INOLENS 4, which contains 4% of camosic
acid as the active ingredient, compared to butylated hydroxy toluene (BHT),
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butylated hydroxyanisole (BHA), and mixed tocopherols (min. 90% of
total tocopherols) in virgin borage oil, virgin walnut oil, evening primrose
oil, virgin safflower oil, and refined echium oil. The rosemary extract was
tested at final camosic acid concentration of 40 mg/kg of oil. Dosage of
BHT and BHA was 0.02% (0.2 glkg). Mixed tocopherols (min. 90% of
total tocopherols) were added at a concentration of 0.03% (0.3 mglkg). For
comparison, control samples without added antioxidants were also pre
pared and tested. A Rancimat test was done immediately after sample
preparation.

21.4.2 Materials and Methods

21.4.2.1 Materials

Refined echium oil, evening primrose oil, virgin borage oil, virgin safflower
oil, and virgin walnut oil were supplied by a local pharmacy. BHA and
BHT were supplied by Merck Darmstadt, Germany. Mixed tocopherols
with a purity of 90% of total polyphenols were purchased at Xinguang
Technology Co., Ltd. of Sichuan Province, China. INOLENS 4, a rosemary
extract-based formulation with 4% camosic acid as the main active
ingredient, was produced in Vitiva d.d., Slovenia.

21.4.2.2 Methods

Sample preparation. Rosemary extract-based formulation INOLENS 4
was added to the oil samples at concentration, which was equal to 0.004%
(0.04 g/kg) of camosic acid based on final product weight. Mixed tocoph
erols were added at a concentration of 0.03% (0.3 glkg). Samples were
well homogenized. Synthetic antioxidants BHA and BHT were added in a
concentration of 0.02% (0.2 g/kg), and a sample without addition of
antioxidant (the control) was tested.

Rancimat test. The oxidative stability was determined by the Rancimat test
at a temperature of 100DC and air flow 25 lIh. Method is based on the
conductometric determination of volatile products and features automatic
plotting of the conductivity against time as well as automatic determi
nation of induction times. The Rancimat test measures conductivity of low
molecular-weight fatty acids produced during auto-oxidation of fats. The
result is given as induction time. A higher induction time is indicative of
better oxidative stability of the product.
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Statistical analysis. Fisher's least significant difference (LSD) procedure
was used to determine significant differences among the means of treatments
at P < 0.05. With this method, there is a 5% risk of calling each pair
of means significantly different when the actual difference equals zero.
Statgraphics Centurion XV (Statgraphics Co., Tulsa, OK, USA) was used
for statistical analysis.

21.4.3 Results and Discussion

Following the Rancimat test results, the rosemary extract-based formu
lation INOLENS 4 significantly increased (P < 0.05) the induction times
of tested cosmetic oils compared to control samples. Rosemary extract
protected refined echium oil 3.8 times better than mixed tocopherols
(P < 0.05). Induction times of virgin safflower oil, evening primrose oil,
virgin walnut oil, and virgin borage oil with added INOLENS 4 were
20%,30%, 70%, and 45%, respectively, better (P < 0.05) than induction
times of the same oils with added mixed tocopherols. Results of Ranci
mat test measurements of refined echium oil, virgin safflower oil, evening
primrose oil, virgin walnut oil, and virgin borage oil are presented in
Table 21.1 and Fig. 21.3.

Addition of rosemary extract-based formulation to the cosmetic oils
extends their shelf life naturally and outperforms golden standards BHA,
BHT, and mixed tocopherols. Beside its good antioxidant protection, the
use of natural rosemary extract-based formulation INOLENS 4 may
have other benefits such as: there are no legal restrictions on its use in the
European Union, United States, and Japan; It has GRAS status in the
United States; it is GMO- and allergen-free. In general, the application
of rosemary extract that possesses antioxidant activity in cosmetic oils
may be promising and useful for prolonging their shelf life.

21.5 Cosmetic Cream Rancidity Protection
with Addition of Rosemary Extracts

21.5.1 Introduction

Lipid oxidation is the major form of deterioration in personal care prepara
tions, even when the lipid content is very small. The rancidity that devel
ops in cosmetic products causes changes in quality that effect their odor,
color, texture, and appearance. The changes due to oxidation occur at
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Table 21.1 Changes in Rancimat Test Results (Induction Time, Hours)
of Refined Echium Oil, Virgin Safflower Oil, Evening Primrose Oil,
Virgin Walnut Oil, and Virgin Borage Oil With and Without Addition
of Antioxidants

Samples

Control 0.02% 0.02% 0.03% mixed 0.1%
BHA BHT tocopherols INOLENS4

Refined echium oil
0.46" 0.57b O.64b O.78C 2.96d

Virgin saffloweroil
4.74" 6.02c 5.17b 5.29b 6.31d

Evening primrose oil
5.18" 6.02b 6.39c 6.52c 8.51d

Virgin walnut oil
5.02" 6.29b 6.87c 6.74c 11.27d

Virgin borage oil
8.43" 1O.80d 9.82c 8.64b 12.57e

Mean values (n = 3) with different letters in the same row are significantly different
(P < 0.05).

different stages of cosmetics production and shelf life period, ranging from
the raw materials, through production, packaging, storage, and costumer
use period. The inhibition or retardation of oxidation by the addition of
antioxidants is of considerable practical importance in preserving personal
care products against spoilage. Due to negative effects of synthetic addi
tives like cancerous properties, developmental/reproductive toxicity, aller
gies, immunotoxicity, organ system toxicity, endocrine disruption, and
neurotoxicity [31], application of natural-based products becomes more
and more important. Additionally, application of natural-based products
may offer other benefits as described in Section 21.2.

The aim of the present study was to test the antioxidant efficiency of the
oil-soluble rosemary extract formulation INOLENS 4 and water-soluble
rosemary extract formulation AquaROX 6 compared to methyl parabene
and BHNmethyl parabene combination in oil in water (OIW) and water in
oil (W/O) cosmetic emulsions. The rosemary extract-based formulations
INOLENS 4 and AquaROX 6 were tested at a concentration of 0.1%
(1 g1kg)based on final product weight. Dosage of BHA was 0.1 % (l g/kg),



21: NATURE KNOWS BEST, HADOLIN KOLAR ET AL. 413

Figure 21.3 Results of Rancimat test (performed at 1aa°G) of refined
echium oil, virgin safflower oil, virgin walnut oil, evening primrose oil, and
virgin borage oil, with addition of synthetic antioxidants BHA and BHT,
mixed tocopherols, rosemary extract-based formulation INOLENS 4,
and without any antioxidants (control). BHA: butylated hydroxytoluene;
BHT: butylated hydroxyanisole.

as per GMP. Concentration of added methyl parabene was 0.4%, which is
the maximum allowed concentration in cosmetic preparations. For com
parison control, samples without added antioxidants were also prepared
and tested. The samples were stored at room temperature (22 ± 2°C) for
3 months and peroxide values were determined after storage time.

21.5.2 Materials and Methods

21.5.2.1 Materials

BHA was supplied by Merck Darmstadt, Germany. Methyl parabene was
purchased at Sigma-Aldrich. INOLENS 4, a rosemary extract-based
formulation with 4% carnosic acid as its main active ingredient, and
AquaROX 6, a rosemary extract-based formulation with 6% of rosmarinic



414 NATURAL SUPPORT FOR A HEALTHIER COMPLEXION

acid as its active ingredient, were produced in Vitiva d.d., Slovenia.
Cosmetic creams (O/W and W/O emulsions) were prepared in a local
pharmacy without addition of any preservative.

21.5.2.2 Methods

Sample preparation. Rosemary extract-based formulations INOLENS 4
and AquaROX 6 were added to the cosmetic cream samples at a concentra
tion of 0.1% (1 g/kg) based on final product weight. Final concentrations of
carnosic and rosmarinic acids in the cosmetic preparations were 0.04 g/kg
and 0.06 g/kg, respectively. Samples were well homogenized. Comparisons
were made against samples with addition of 0.1% (1 glkg) of synthetic
antioxidant BHA in combination with 0.4% (4 g/kg) of methyl parabene,
samples with addition of 0.4% (4 g/kg) of methyl parabene, and samples
without addition of antioxidant (the control). Methyl parabene and BHA
are usually used as preservatives in cosmetic preparations. Samples were
stored at room temperature for 3 months.

Peroxide value measurement. Peroxide value is a well-established method
for the determination of primary oxidation products in fats and oils. The
widely used iodometric titration method [32] for peroxide value determi
nation is based on the measurement of the iodine produced from potassium
iodide by peroxides present, and the result is expressed as millimoles of
iodine per kg of lipid (mmollkg).

Statistical analysis. Fisher's LSD procedure was used to determine
significant differences among the means of treatments at P < 0.05. With
this method, there is a 5% risk of calling each pair of means signifi
cantly different when the actual difference equals zero. Statgraphics
Centurion XV (Statgraphics Co., Tulsa, OK, USA) was used for statistical
analysis.

21.5.3 Results and Discussion

Addition of rosemary extract-based formulations INOLENS 4 and
AquaROX 6 to the W/O emulsion extended its shelf life in terms of oxida
tive stability as shown by peroxide value measurement results after
3 months' storage at room temperature. Results are presented in Table 21.2
and Fig. 21.4. Oil-soluble rosemary extract-based formulation INOLENS 4
outperformed (P < 0.05) synthetic additives BHA and methyl parabene.
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Table 21.2 Changes in Peroxide Values (mmol 02/kg) of Water in Oil
(W/O) and Oil in Water (OIW) Cosmetic Creams With and Without
Addition of Antioxidants

415

Samples

Control 0.4% methyl 0.1% BHA + 0.4% 0.1% 0.1%
parabene methyl parabene INOLENS4 AquaROX6

W/O
12.50" 10.42h 10.48h 8.08" 1O.07h

OIW
9.97" 8.38h 7.02" 5.97d 5.70e

Mean values (n = 3) with different letters in the same row are significantly different
(P < 0.05).

Figure 21.4 Peroxide value measurement results of cosmetic creams
(oil in water [OIW] and water in oil [W/O] emulsions) with addition
of methyl parabene (MP), BHAlmethyl parabene (MP) combination,
rosemary extract based-formulations AquaROX and INOLENS 4,
and without any additives (control).

The peroxide value ofW/O emulsion sample with addition ofINOLENS 4
was 30% lower (P < 0.05) than peroxide values of samples with addition
of methyl parabene and BHAlmethyl parabene combination. The W/O
emulsion sample with the addition of rosemary extract-based formulation
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INOLENS 4 had a 50% lower peroxide value (P < 0.05) than the control
sample after 3 months' storage at room temperature.

As can be seen from the results in the W/O emulsion, oil-soluble rosemary
extract-based formulation INOLENS 4 possesses better antioxidative
properties (P < 0.05) than the water-soluble rosemary extract-based formu
lation AquaRox 6. Opposite results were observed at O/W emulsion, where
the water-soluble rosemary extract-based formulation showed slightly
better results. These results are expected because a W/O emulsion contains
more fats, which are very susceptible to oxidation and need to be protected
with oil-soluble antioxidants.

Addition of rosemary extract-based formulations INOLENS 4 and
AquaROX 6 to the O/W emulsion extended its shelf life 67% and 75%
(P < 0.05), respectively. Samples with the addition of AquaROX 6 had a
47% lower peroxide value (P < 0.05) than samples with the addition of
methyl parabene and a 23% lower peroxide value P < 0.05) than samples
with the addition of BHAImetyl parabene combination. The O/W emul
sion sample with the addition of rosemary extract-based formulation
AquaROX 6 had a 75% lower peroxide value (P < 0.05) than the control
sample after 3 months' storage at room temperature. As can be seen from
these results, the O/W emulsion is more susceptible to oxidation than the
W10 and, consequently, contribution of antioxidants to the final shelf life
is more significant in the O/W emulsion.

21.6 Conclusion

Both tested rosemary extract-based formulations INOLENS 4 and
AquaROX 6 showed antioxidant activity when added to cosmetic oil
andlor cosmetic creams. In retarding lipid oxidation in cosmetic oils and
cosmetic creams, rosemary extract-based formulations were, in general,
more effective than commercial preservatives BHA, BHT, methyl parabene,
and mixed tocopherols. Besides those results, rosemary extract-based
formulations possess many beneficial properties, which are separately
described in Section 21.2.

This study concluded that oil- and water-soluble rosemary extract for
mulations exhibit antioxidative properties when used in cosmetic oils
and emulsions and may be promising and useful for prolonging their
shelf life. In addition, rosemary extract formulations offer a natural
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(no legal restrictions on use in European Union, United States, and Japan;
GRAS status in the United States; GMO- and allergen-free) alternative
to synthetic preservatives, which possess negative effects on human
health [31].

In general, the application of a natural rosemary extract in cosmetic
preparations may improve their quality during time and offer positive
influences on the skin itself. Based on many studies performed, some
cited in Section 21.2, and relatively high ORAC value compared to
vitamin C and vitamin E, rosemary extracts may be also promising active
ingredients in "beauty from within" concept supplements.
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22.1 Probiotics, Definition, and General Health Benefits

The term probiotic, popularized by R. Fuller in 1989 (Fuller, 1989), was
recently defined by an expert committee as "living microorganisms, which,
when consumed in adequate amounts, confer a health effect on the host"
(FAOIWHO expert consultation, 2001).

Specific strains of probiotic lactic acid bacteria have been shown to benefi
cially influence the composition and/or metabolic activity of the endoge
nous microbiota (Langhendries et aI., 1995; Macfarlane and McBain, 1999;
Isolauri, 2001; Isolauri et aI., 2001; Mohan et aI., 2006) and some of these
have been shown to inhibit the growth of a wide range of enteropatho
gens (Bemet-Camard et aI., 1997; Coconnier et aI., 1998). Competition for
essential nutrients, aggregation with pathogenic micro-organisms (Rolfe,
2000), competition for receptor sites (Coconnier et aI., 1993), and produc
tion of anti-microbial metabolites (Bemet-Camard et aI., 1997; Coconnier
et aI., 1998) have all been reported to playa role.

Probiotics can be consumed in various forms of fermented or nonfer
mented food products. As a common feature, after ingestion, probiotics
become transient constituents of the gut microbiota capable of exerting
their biologic effects, thus giving a rationale for their use as a component
of functional foods. Weaning, stress, dietary changes, use of antibiotics,
and intestinal infections are all conditions that affect the natural balance of
the intestinal microbiota for which the application of probiotics might be
beneficial.

The most often used probiotic genera in humans and animals are entero
cocci, lactobacilli, and bifidobacteria, which are natural residents of the
intestinal tract.

Multiple criteria have been defined for the selection of probiotic strains
(reviewed by Ouwehand et al., 2002). Obviously, the most important crite
rium is that the selected strains has to be safe for use in the host and for
the environment. One of the most commonly reported selection criteria is
the ability to survive during passage through the gastrointestinal tract
(GIT), for which the capacity of a strain to remain unaltered over condi
tions prevailing in the stomach (acidity) and intestinal tract (bile acids,
pancreatic enzymes, and other digestive enzymes) is crucial. Adhesion to
intestinal epithelial cells is considered important for immune modulation,
pathogen exclusion, and prolonged residence time in the GIT. Viability of
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the probiotic strain is assumed to be important, and metabolic activity may
be crucial for the expression of antipathogenic activity. There is increasing
evidence that bacterial compounds such as DNA (some CpG motifs) or
cell-wall fragments and/or dead bacteria can elicit certain immune responses
(Lammers et al., 2003; Watson and McKay, 2006; Tejada-Simon and
Pestka, 1999; Matsuzaki et aI., 1998).

Although species-specific origin is thought to be important for host
specific interactions with the probiotic, there are examples of efficiency of
non-species-specific probiotic strains. Indeed, health benefits have been
shown using the yeast Saccharomyces boulardii in humans (Guslandi
et aI., 2000). Finally, probiotics need to have good technological properties
to achieve high cell counts after fermentation at an industrial scale and to
survive downstream processing, drying, food manufacturing, and long
term storage under adverse environmental conditions (e.g., humidity, high
temperature, presence of oxygen).

The first aim of using probiotics has been to improve the composition of
the intestinal microbiota from a potentially harmful composition towards
a composition that would be beneficial to the host. Indeed, this approach is
particularly relevant because the intestinal microbiota is known to playa
major role in the physiological balance, intestinal development, and matu
ration of the host immune system (Macfarlane and McBain, 1999; Cebra,
1999; Isolauri, 2001; Isolauri et aI., 2001). An adequate balance of the
microbiota is crucial in maintaining good health conditions. In that sense,
a decrease in clostridia and coliforms and an increase in lactobacilli and/or
bifidobacteria has often been seen as evidence of healthy gut conditions
(Roberfroid et aI., 1995). In contrast, changes of the intestinal microbiota
composition are associated with certain types of pathologies, in particular
gastrointestinal infections, inflammation, and allergies (Roberfroid et aI.,
1995; Ouwehand et al., 2002).

Different studies reported that specific probiotic strains are able to posi
tively influence the microbiota composition (Benno et aI., 1996). In that
respect, some probiotic strains have been successfully used to improve the
outcome of gastrointestinal diseases, in particular diarrhea or H. pylori
infections and related gastritis (Szajewska and Mrukowicz, 2001; Sarker
et aI., 2005; Midolo et aI., 1995; Bergonzelli et al., 2005; Pochapin, 2000).

Beyond their capacity to promote a healthy pattern of the intestinal
microbiota, several lines of evidence suggest that some probiotic bacteria
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can modulate the immune system both at the local and systemic levels
(Cebra, 1999; Isolauri et aI., 2001), thereby improving immune defense
mechanisms, and/or downregulate immune disorders such as allergies
or intestinal inflammation (Kalliomaki et aI., 200 I; Isolauri et aI., 2000;
Isolauri, 2001; Rautava and Isolauri, 2002).

Indeed, several strains of lactic acid bacteria were shown to modulate
cytokine and growth factor production in vitro and in vivo (Miettinen et aI.,
1996; Borruel et aI., 2003; Von der Weid et al., 2001; Christensen et al.,
2002). Moreover, results from different preclinical and clinical trials have
shown the capacity of various probiotic strains to enhance nonspecific and
specific immunity (Perdigon et aI., 1988; Schiffrin et aI., 1995; Haller et al.,
2000; Meydani and Ha, 2000; Kaila et aI., 1992; Link-Amster et aI., 1994).

22.2 Probiotics and Skin

Different human trials suggest that probiotic supplementation might be use
ful in the management of atopic dermatitis (Rautava and Isolauri, 2002; Kal
liomaki et al., 2001, 2003, 2007). Based on these properties it appears that,
beyond the gut, probiotics might exert their benefit at the skin level. Thus, it
is assumed that some specific probiotic strains may be useful for the mainte
nance of cutaneous homeostasis and regulation of the skin immune system.

The skin plays a crucial role in protecting against dehydration and damage
or insults from external aggressions, for example, chemical (pollution,
tobacco, xenobiotics), mechanical, physical (UV radiation, changes in
temperature and hygrometry), or infections. It is composed of a stratified
epithelium with various cell types, including keratinocytes, whose differ
entiation results in building barrier function and, in a lower proportion,
dendritic cells, melanocytes, and Langerhans cells. Each of these cell types
contributes to skin protection. Moreover, the underlying dermal compart
ment harbors leukocytes, mastocytes, and macrophages that are key actors
in cell defense.

Skin reflects the general health status and age of the host. Although skin
aging is genetically programmed, the health and functions of the skin are
also influenced by environmental factors, especially in exposed areas
such as the face. Indeed, lifestyle, food, climate conditions, the extent and
frequency of UV exposure, free radicals, toxins and allergens, xenobiotics,
and mechanical damage are all exogenous factors suspected to alter skin
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health. Furthermore, hormonal status, immunological status, and psycho
logical stress are endogenous factors that can alter skin quality and biological
functions.

In this context, the skin can undergo various changes including immune
dysfunction, inflammation, photoaging, dryness, wrinkles, dyschromia,
and a variety of hyperplasia (Krutmann et aI., 1996; Scharffeter-Kochanek
et al., 2000).

22.2.1 Probiotics and Oral Route

22.2.1.1 Skin Allergic Reactions

The capacity of certain probiotic strains to modulate immune functions
was a rationale for using probiotics to prevent and/or improve clinical
outcome of diseases related to immune disorders such as allergies.

Recently, several researchers have focused on the suppressive effect of
probiotic agents on allergic response, and have evaluated their prophy
lactic and/or therapeutic efficacy on atopic dermatitis, asthma, and food
allergies (Rautava and Isolauri, 2002; Isolauri, 200 I; Isolauri et aI., 2001;
Sawada et aI., 2007; Kukkonen et aI., 2007). Especially, perinatal admin
istration of the probiotic Lactobacillus rhamnosus GG (LGG) has been
shown to reduce the incidence of atopic dermatitis in children at risk dur
ing infancy (Kalliomaki et aI., 2001, 2003, 2007). It is postulated that a
boost in Th I response, mainly IFN-y production, may be associated
and/or responsible for the beneficial effect of LGG on atopic dermatitis
(Pohjavuori et aI., 2004; Viljanen et aI., 2005).

Moreover, another study showed that a Lactobacillus casei strain decreased
specific-allergen contact hypersensitivity reaction in mice (Chapat et aI.,
2004).

22.2.1.2 Skin Aggression: Environmental Stress

Apart from pathological cutaneous disorders such as atopic dermatitis, the
skin is continuously challenged by diverse environmental stress, which
can later induce important alterations of the cutaneous homeostasis.

Indeed, the skin is known to be an immune-competent tissue and thus it is
important for the protection of the host against infections and the control



426 NATURAL SUPPORT FOR A HEALTHIER COMPLEXION

of cell malignancies (Woods et al., 2005; Euvrard et al., 2003). Several
epidemiological studies demonstrated that UV radiation induces dramatic
change in immune functions. This UV-induced alteration of the immune
system is considered as one of the major risk factors for the development
of certain skin cancers associated with sun overexposure (Ullrich, 1995,
2002, 2005). Among these changes, a decrease in number and morpho
logical modifications of the Langerhans cells as well as an alteration of
their capacity to present antigens have been proved (Cooper et aI., 1985;
Ullrich, 2005; Cooper et aI., 2005; Seite et aI., 2003). An increase in
immunosuppressive cytokine levels such as IL-l 0 was also reported (Vink
et al., 1996).

These skin disorders associated with dysregulation of immunological and/or
neurosensitive mechanisms could be modulated or prevented by nutritional
support and, in particular, by the use of certain probiotics (Salminen et aI.,
2005).

In this context, preclinical studies were performed to evaluate the effect
of a diet supplemented with Lactobacillus johnsonii on the cutaneous
immune system. Supplementation with this probiotic modulated the pro
duction of IL-l 0 in the serum and maintained Langerhans cell density at
the site of UV exposure. Overall, the results showed that supplementation
with L. johnsonii could prevent the deleterious effects of UV radiation on
the skin immune system and reinforce host skin defense against antigenic
challenges (Gueniche et aI., 2006).

The same probiotic was tested in a randomized double-blind placebo-con
trolled study to evaluate its capacity to maintain skin homeostasis under UV
exposure. Fifty-four volunteers were randomized into two groups (n =27
per group) taking either L. johnsonii or a placebo daily for 6 weeks before
UV exposure to 2 x 1.5 Minimal Erythemal Dose (MED). Biopsies of skin
were analyzed to investigate the effects on the phenotype of skin immune
cells and the mixed epidermal cell lymphocyte reaction (MECLR).

Lactobacillus johnsonii supplementation did not prevent UV-induced
phenotypic maturation of dendritic Langerhans cells (LCs) or the decrease
in MECLR in irradiated skin samples, one day post-irradiation. On day
4 after UV exposure, however, MECLR was still decreased in the placebo
group with a parallel reduction in the CDla LC marker in irradiated epi
dermis, whereas the allostimulatory capacity of epidermal cells was
totally recovered in the Lal group correlating with normalization of
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Figure 22.1 Results from MECLR: cpm ratios from exposed versus
nonexposed skin samples. The ratios were calculated from 54 volunteers
distributed among the Lactobacillus johnsonii and placebo groups.
***statistically significant differences at p < 0.001 between exposed and
nonexposed sides. BT: before treatment.

COla expression within the epidermis (Fig. 22.1). Moreover, C036+
monocytic cells colonized the epidermis one day post-irradiation in all
subjects but disappeared faster in the Lal group, which may suggest that
they differentiated into CD 1a+ dendritic cells (Peguet Navarro et al.,
2006).

These results show for the first time that ingested probiotic bacteria can
accelerate the recovery of cutaneous immune homeostasis after UV expo
sure in humans and may therefore playa role in UV-induced skin damage
prevention and photoprotection (Cooper et al., 1985; Euvrard et aI., 2003;
Ullrich, 1995,2002, 2005; Vink et aI., 1996; Woods et al., 2005).

22.2.1.3 Reactive Skin

Another indication for which the probiotics could be beneficial is to
improve reactive skin symptoms. Reactive skin is characterized by marked
sensitivity of the skin to physical (heat, cold, wind) or chemical (topical
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product application) stimuli and impaired ability to rebuild skin barrier
function. Clinically, reactive skins are generally associated with important
skin dryness (de Lacharriere et al., 2001; Pons-Guiraud, 2004).

Several epidemiological studies conducted in Europe and the United States
reported that about half of women and a third of men showed sensitive
skin (Jourdain et al., 2002; Misery et al., 2005; Pons-Guiraud, 2004;
Primavera and Berardesca, 2005; Seidenari et al., 1998; Willis et al., 2001).
Subjects with sensitive skin primarily complain of cutaneous discomfort.
The main manifestations of this "cutaneous discomfort" are neurosensory
signs such as feelings of heat, burning, stinging, or itching (de Lacharriere
et al., 2001; Hosipovitch, 1999; Jourdain et al., 2002; Misery et al., 2005;
Pons-Guiraud, 2004; Primavera and Berardesca, 2005; Seidenari et al.,
1998; Willis et al., 2001). The signs may remain isolated or be associated
with fleeting erythema. In most cases, the symptoms are limited to the
face. Sometimes, other areas of the body (most often the scalp) could also
be affected by a hyper-reactivity.

Several factors are implicated in the onset of reactive skin symptoms.
These include environmental factors (temperature changes, heat, cold,
wind, sun, air pollution, etc.), contact with certain products such as "hard"
water, or internal factors (emotional factors, menstrual cycle, dietary
factors, etc.) (de Lacharriere et al., 2001; Hosipovitch, 1999; Jourdain
et al., 2002; Misery et al., 2005; Pons-Guiraud, 2004; Primavera and
Berardesca, 2005; Seidenari et al., 1998; Willis et al., 2001). In most cases,
skin hyper-reactivity is constitutional. In certain situations, a lowering of
the cutaneous tolerance threshold may be acquired (sensitive skin induced
by application of irritant products) or concomitant with an episode of skin
disease.

Even though the skin of a person suffering from eczema is hyper-reactive
(episodes of seborrheic dermatitis, rosacea, atopic dermatitis, or contact
eczema), many cases of sensitive skin are not entirely related to allergic
skin diseases. The etymological relationship between the terms "sensitive"
and "sensitization" is undoubtedly responsible for the confusion that still
exists between "allergic skin" and "sensitive skin."

Two types of mechanisms underline skin sensitivity: (a) the exacerbated
reactivity of sensory nerves and/or (b) impaired barrier function, which
contributes to a better accessibility of nervous fiber by exogenous potentially
irritant compounds (de Lacharriere, 2002; Marriott et al., 2005).
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During acute phases of skin sensitivity, neurogenic inflammation may be trig
gered (Schmeltz and Petersen, 2001; Steinhoff et aI., 2003; Zegarska et aI.,
2006). This could have long-term consequences, because it may contribute
to the maintenance of inflammatory conditions leading to chronicity.

Different studies confirm that there is an association between sensitive
skin, the propensity to erythema, and dry skin (de Lacharriere et aI., 2001;
Misery et aI., 2005; Pons-Guiraud, 2004; Primavera and Berardesca, 2005;
Willis et aI., 2001). Several authors have demonstrated that an impaired
barrier function is associated with the onset of sensitive skin (Misery et aI.,
2005; Ohta et aI., 2000; Yokota et aI., 2003).

Recently, reactive or sensitive skin was classified into three different types
according to physiological characteristics (Primavera and Berardesca,
2005). Type I was defined as the group with low barrier function. Type II
was defined as the inflammatory group with a normal barrier function but
an increased inflammatory status. Type III was defined as a pseudo-normal
group in terms of barrier function and inflammatory status. It is interesting
to note that the three types of reactive skin exhibit much slower restoration
of barrier function following a skin lesion than that observed in subjects
with nonreactive skin (Primavera and Berardesca, 2005).

Epidermal sensory nerves whose endings are in the stratum corneum play
a key physiological role in sensitive skin symptom development. Thus,
sensitive skin is considered as reflecting cutaneous sensory hyper-reactivity.
Subjects with sensitive skin have an elevated neuropeptide level in the
stratum corneum compared to the levels found in subjects with normal
skin. Moreover, subjects of types I, II, and III reactive skin present a high
sensitivity to electrical stimuli (Primavera and Berardesca, 2005).

Homeostatic hydration level of the epidermis is related to the status of the
skin barrier and the interrelationships between the cells and their lipid envi
ronment. Lipids are involved in the rate of transepidermal water loss (TEWL).
Disruption of the skin barrier primarily gives rise to an increase in TEWL
(Rogiers and the EEMCO Group, 200 1; Franz and Lehman, 2000; Wertz
and Michniak, 2000; Idson, 1978; Nilsson, 1977; Pinnagoda et aI., 1990).

Impairment of the skin barrier is most frequently associated with "dry"
skin, or xerosis. The skin exhibits a dull color and appears fragile, with
visible scaling. The smoothness of the skin is impaired. The feelings of
tightness and tension may eventually result in pruritus. Skin penetration of
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Figure 22.2 Results from the skin sensitivity evaluated by stinging test
between volunteers distributed among the combination Lactobacillus
perecesei and Bifidobacterium lactis and placebo groups.

various compounds is increased compared to normal skin and the topical
risks of infection and allergy are enhanced.

A mixed preparation of Lactobacillus paracasei CNCM 1-2116 and
Bifidobacterium lactis CNCM 1-3446 was tested in a randomized, double
blind, placebo-controlled trial. Sixty female volunteers (18-35 years
old) with reactive skin ingested daily either probiotic 0010 cfu of each
probiotic strain) (n =33) or placebo (n =33) powder suspended in drink
ing water for 8 weeks. Skin reactivity was assessed by a stinging test
performed at the start of supplementation, middle, and end of the study.
The results showed a significant decrease in cutaneous neurosensitivity
(p =0.02) in volunteers receiving the probiotic mix compared to those
taking control powder at the end of the treatment (Fig. 22.2). These
results provide the first clinical evidence that specific probiotic strains can
have beneficial effects on skin reactivity and afford new opportunity to
develop strategies to improve sensitive skin (Gueniche et aI., 2007a, b).

22.2.1.4 Mechanisms

22.2.1.4.1 Indirect Action

The maintenance and protection of the gastrointestinal tract contributes
to the overall host equilibrium. Although a direct relationship between
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probiotics and the bioavailability of nutrients has not yet been established,
probiotics nonetheless positively influence gastrointestinal homeostasis,
which contributes to promote the absorption of dietary nutrients at the
intestinal mucosal level. This may help to provide essential nutrients for
cell metabolism and the synthesis of the various functional and structural
components of the skin.

22.2.1.4.2 Direct Action

The mechanisms whereby probiotics may playa role in skin physiology
are not fully elucidated. However, it is proposed that, as shown for other
commensal bacteria, probiotics could be directly sampled in the lumen by
mucosal dendritic cells, which express tight junction proteins and pene
trate the gut epithelial monolayer (reviewed by Uhlig and Powrie, 2003).
It is postulated that upon interaction of the probiotic bacteria (or their
components) with the intestinal epithelium and/or direct interaction with
dendritic cells, other immune cells, such as Band T lymphocytes may be
activated (primed) and immune mediators, including cytokines, may sub
sequently be released. These cytokines, bacterial fractions, and primed
immune cells may be transported via the blood to other organs, including
the skin, where they could modulate the immune status.

In addition, the improvement of reactive skin after probiotic supplemen
tation could also result from a direct activity of the ingredient on neuro
sensitve mechanisms. On the one hand, immunoregulating properties of
probiotics at the skin level could modulate the inflammatory reactions
generated by the release of neuromediators involved in skin neurosensitiv
ity (Nickoloff and Naidu, 1994; Ohta et al., 2000; Thurin and Baumann,
2003). On the other hand, the capacity of certain probiotics to modulate
the production of regulating cytokines and growth factors (as Transforming
growth factor beta) may playa role in the proliferation and differentiation
of skin keratinocytes, which are important for skin barrier repair (Von der
Wied et al., 2001). Such possible effects on the process of generating the
stratum corneum allow the quality of the cutaneous barrier function and
skin dryness to be improved (Thurin and Baumann, 2003).

22.2.2 Probiotics and Topical Application

If live probiotics appear as essential for applications in which their meta
bolic properties are important, some scientific groups showed that certain
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semiactive or dead oral probiotic preparations maintained some activities
as compared to live forms (Bautista-Garcia et aI., 200 I; Galdeano and
Perdigon, 2004; Sawada et aI., 2007). Such semiactive and dead forms seemed
to be interesting for topical applications aimed at skin beauty and health.

22.2.2. 1 Antibacterial Activity

A number of authors have demonstrated that some bacterial extracts
(Bacillus coagulans, Lactobacillus johnsonii, Lactobacillus casei, Lacto
bacillus plantarum, and Lactobacillus acidophilusi have antiadhesion and
antimicrobial properties when applied to cutaneous and mucosal surfaces
(Ouwehand et aI., 2003).

The team of Schneedorf underlined that the association of bacterial strains
contained in Kefir extracts (mixture of lactic bacteria and yeast) had anti
microbial effects, preferentially against Streptococcus pyogenes, that may
support skin healing (Rodriguez et aI., 2005).

The skin is naturally populated with different types of micro-organisms.
Ideally, those with beneficial health effects, known as commensal micro
organisms, dominate over likewise occurring harmful bacteria. If this sys
tem gets out of balance, the appearance, health, and well-being of the skin
are adversely affected. These disorders can occur, for example, after
repeated washing or showering. In such cases L. stimulans can promote
the rapid regeneration of the skin's protective microbial flora. By secreting
growth-promoting substances, it stimulates colonization by health-promoting
micro-organisms. Because the rapid alleviation of skin irritations is of high
cosmetic relevance, these micro-organisms are interesting candidates for
use in lotions or creams and also in medicinal ointments.

Another example of potential use of probiotics for skin health is Lactoba
cillus pes-odoris, which specifically inhibits the odor-producing bacteria
of the feet and L. ala-odoris, which prevents the formation of odor in
armpits. Both Lactobacilli cultures can improve the effectiveness of
deodorants, foot sprays, or lotions.

22.2.2.2 Skin Integrity: Homeostasis

A recent study showed the benefit of topical application of a novel bacterial
extract in aqueous solution on skin reactivity. A topical cream containing
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Bifidobacterium longum lysate was tested in a randomized, double-blind,
placebo-controlled trial. Sixty-six female volunteers with reactive skin
were randomly given either the cream with the bacterial extract at 10%
(n = 33) or control cream (n = 33). The volunteers applied the cream
twice a day to the face, arms, and legs for 2 months. Skin sensitivity was
assessed by stinging test (lactic acid), and skin barrier recovery was
evaluated by measuring TEWL at days 1, 29, and 57 following barrier
disruption induced by repeated tape-stripping. The results showed that
the volunteers who applied the cream with bacterial extract had a signifi
cant decrease in skin sensitivity at the end of the treatment (day 57,
P = 0.0024). Moreover, the treatment led to increased skin resistance
against physical and chemical aggression compared to the group of vol
unteers who applied control cream. Noteworthy, the number of strips to
obtain barrier function disruption was significantly increased in volun
teers treated with the active ingredient compared to the control-treated
group (p = 0.0044).

Clinical and self-assessment showed a significant decrease in skin dryness
after 29 days in volunteers treated with the cream containing the 10%
bacterial extract (p = 0.03) (Gueniche et aI., 2007c).

Other authors have reported that certain extracts of lactic bacteria, such as
those from Streptococcus salivarium sp thermophilus (commonly used in
milk fermentation for the manufacture of yogurts and cheeses) when
applied to the skin after sonication increased the level of ceramides, thus
supporting the preservation of skin integrity (barrier function and flexibil
ity of the stratum corneum) (Di Marzio et aI., 2003). Altogether, these
properties help fight against skin dryness. The same authors reported that
when the extracts were introduced into a cream and then applied topically
to patients affected by atopic dermatitis, skin ceramide levels were
increased. This increase could be related to the hydrolysis of sphingomyelin
by sphingomyelinases present in these bacterial extracts. These topical
applications supported the disappearance of the signs and characteristic
symptoms of the skin in atopic dermatitis patients (erythema, pruritus)
(Di Marzio et aI., 2003).

The results of these studies demonstrate that topical applications of a
specific bacterial lysate or extract have a beneficial effect on reactive skin.
These findings suggest that new approaches based on a bacterial lysate
could be developed for the treatment and/or prevention of symptoms
related to reactive and dry skin.
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22.3 Conclusions and Perspectives

In conclusion, the current experimental and clinical data strengthen the
assumption that certain probiotic strains or specific bacterial lysates or
extracts exert their effects beyond the gut or topically applied directly to
the skin and confer benefits at the skin level. There is indeed emerging
evidence that such probiotics alive or in extract forms can contribute to the
reinforcement of skin barrier function and modulate skin immune system,
leading to the preservation of skin homeostasis.

Altogether the data afford the possibility of designing new strategies based
on a nutritional approach for the treatment and/or prevention of UV
induced damaging effects, and of symptoms related to reactive skin or
atopic skin or changes in skin homeostasis.
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Dietary soy consumption has been shown to have beneficial effects on
several aspects of human health. Soy consumption has been reported to
modestly improve plasma lipid profiles, improve bone health, reduce
menopausal symptoms, enhance cognitive function, and potentially reduce
the risk of breast and prostate cancers. The health benefits of dietary soy
have been attributed to its isoflavones as well as to the biological actions
of its constituent proteins. These potential health benefits of soy consump
tion have been extensively reviewed elsewhere [1,2] and will not be
discussed in this chapter.

The amount of soy to consume in order to achieve appreciable health
benefits has long been a topic of debate. Initial estimates were based on
Asian population intakes because the incidences of breast and prostate
cancer have been historically lower in Asian populations compared to the
United States and Europe [3,4]; however, determining soy protein and iso
flavone intake was problematic. Recently, it has been determined that typi
cal soy intake by older Japanese adults is approximately 6-11 g soy protein
and 25-50 mg soy isoflavones, though it is uncertain if this amount
provides maximum health benefits [5].
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The potential health benefits of soy have led to its inclusion in an ever
growing number of cosmetic products. The vast majority of these products
are designed for topical application; however, it is becoming clearer that
proper nutrition and a variety of dietary ingredients impact dermatological
health. This chapter will discuss some basic information on soy and its
biological actions and will elucidate the evidence regarding the potential
benefits of soy and soy isoflavones for dermatological health. Additionally,
we will discuss our own studies designed to explore the potential benefits
of dietary soy for skin, hair, and nail appearance.

23.2 Biology of Soy

23.2.1 Nutritional Components of Soy

Soy is rich in macronutrients like protein, fat, and carbohydrates, and it
contains a variety of micronutrients such as calcium, iron, zinc, riboflavin,
and folate. These will be discussed briefly below; however, more detailed
reviews are available [6,7].

23.2.1.1 Protein

Soybeans are best known as a rich source of nonanimal protein. The
nutritional quality of soy protein has been extensively studied and
reviewed [8,9]. Metabolic studies of nitrogen balance have been used to
assess protein quality [10-12]. When nitrogen balance, digestibility, and
net protein utilization were examined, no differences were found between
beef and soy proteins [11]. Additionally, these investigators found no dif
ferences between these protein sources in the amount of nitrogen intake
needed to maintain nitrogen equilibrium. Other studies have reported
that both soy protein concentrate and isolated soy protein are capable of
maintaining nitrogen balance [10,12].

A more recent study examined ileal digestibility and utilization of a soy
protein isolate in adult human subjects [13]. The results of this study
revealed that soy protein digestibility was 91% and that soy protein had a
biological value of 86% and a postprandial net utilization of 78%, yielding
a protein digestibility corrected amino acid score (PDCAAS) of 1.0. These
values were similar to milk protein values (95% digestibility, 89% bio
logical value, and 85% postprandial net utilization) reported in a separate
study using the same experimental design [14].
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The amino acid pattern of soy protein provides adequate levels of each
indispensable amino acid for normal growth and development. The high
digestibility of properly processed soy protein and the bioavailability of its
amino acids and nitrogen content make soy protein a high quality protein.
Based on PDCAAS calculations, soy protein achieves a score of 1.0, the
highest score possible and on par with other high quality proteins like egg
white and milk proteins. Therefore, the addition of soy to the diet is a
viable way to meet all of one's protein nutritional requirements.

23.2.1.2 Fat

Soybeans typically contain more dietary fat than other legumes; however,
the fats in soybeans are of the healthy varieties. According to the USDA
National Nutrient Database for Standard Reference, Release 20 [15], raw,
mature soybeans contain approximately 20 g of fat in a 100 g portion. Of
the fat present in soybeans, approximately 15% is saturated, 24% is mono
unsaturated, and 61% is polyunsaturated; therefore, approximately 85% of
the fat in soy is of the healthy, unsaturated kind. The predominant unsatu
rated fats found in soy include linoleic acid and alpha-linolenic acid, two
essential fatty acids. Together with the monounsaturated oleic acid,
these fatty acids make up nearly all of the unsaturated fat in soybeans.
Alpha-linolenic acid is an essential omega-3 fatty acid that is metabolized
in the body to form eicosapentaenoic acid and docosahexaenoic acid, two
fatty acids with numerous reported health benefits [16,17].

23.2.1.3 Carbohydrates

Carbohydrates in soy, though present in only low levels, consist primarily
of fiber and the oligosaccharides raffinose and stachyose [6,7]. The pres
ence of the oligosaccharides can lead to flatulence in human beings due to
their lack of alpha-galactosidase, the enzyme necessary for oligosaccharide
digestion. However, the low level of carbohydrates in soybeans and their
poor digestibility is responsible for the low glycemic index of soybeans and
many soy products [18]. Furthermore, research has suggested that the
oligosaccharides in soybeans may support intestinal health by acting as a
probiotic and stimulating the growth of beneficial bacteria [19].

23.2.1.4 Vitamins and Minerals

Soybeans are a quality source of several vitamins and minerals including
folate, calcium, zinc, and iron [6,7]. Folate, an essential B-vitamin, is present
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in raw, green soybeans at a level of 165 llgll 00 g of soybeans, according
to the USDA National Nutrient Database. A 100 g portion of raw soy
beans also contains 197 mg calcium (-20% of the RDA), 3.55 mg iron
(-20% of the RDA for women and -40% of the RDA for men), and
0.99 mg zinc (-10% of the RDA). The bioavailability ofthese minerals from
soy is an area of increasing research interest. Recent studies indicate that
calcium-fortified soymilk is an excellent source of calcium [20] and that
soybean ferritin, a source of iron, is readily bioavailable [21]. Additionally,
zinc absorption has been reported to be similar between meat and soy
proteins [22]. In contrast, it has been reported that non-heme iron and
zinc are more poorly absorbed from soy protein than from beef protein [23]
and that there is a decline in calcium bioavailability when meat protein
is replaced by isoflavone-free soy protein [24].

23.2.1.5 Saponins

Saponins are glycoside compounds with a triterpenoid or steroid structure
attached to water-soluble mono- or oligosaccharides found in a wide vari
ety of plants [25]. The saponins present in soy, called soyasaponins, are
found in a variety of concentrations ranging from 0.6-6.5% dry weight
depending on soy variety, growing conditions, and degree of maturity [26].
Soyasaponins have been classified into two main groups, Group A and
Group B, based on their aglycone structure [27,28]. Though soyasaponins
are generally considered to have a low bioavailability, they have been
shown to have a multitude of biological actions and potential health
benefits [29,30].

23.2.2 Soy Isoflavones

Though soy has been shown to have a variety of health benefits related
to both the protein and isoflavone components of the soybean, it is gen
erally thought that most of the beneficial effects of soy are due to its
isoflavones.

23.2.2.1 Structure

Isoflavones belong to the flavonoid class of phytochemicals, which also
includes flavonols, flavones, flavonones, anthocyanins, and proanthocya
nins. Isoflavones are structurally characterized by two benzene rings linked
to a central heterocyclic pyrane ring and are produced in a specific pathway
of flavonoid biosynthesis [31].
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Figure 23.1 Structures of the ~-glycoside and aglycone forms of soy
isoflavones. Estradiol is shown in the inset to demonstrate the structural
similarities between estradiol and the soy isoflavones.

The three primary isoftavones present in soy are found in either glycoside
or aglycone forms. The glycoside forms include the ~-glycosides (genistin,
daidzin, and glycitin) as well as the acetyl- and malonyl-glycosides [32,33].
The glycoside forms are the predominant isoftavone form in the soybean;
however, it is the aglycone forms (genistein, daidzein, and glycitein) that
are the best studied and have reported health benefits. The structures of the
~-glycoside and aglycone isoftavones and their structural similarity to
estradiol are depicted in Fig. 23.1.

23.2.2.2 Metabolism

It is generally accepted that the glycoside forms of the soy isoftavones are
poorly absorbed intact [34]. Therefore, after consumption, the soy isofta
vone glycosides must undergo metabolism in the intestinal tract prior to
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absorption. In the small intestine, the isoftavone glycosides are hydrolyzed
by ~-glucosidases of the intestinal brush border membrane such as lactase
phlorizin hydrolase [35]. After conversion to the aglycone form, the soy
isoftavones may either be absorbed or further metabolized by intestinal
bacteria to such metabolites as p-ethyl phenol, O-desmethylangolensin,
and equol [36-38]. Equol production is of particular interest because it has
been implicated in a variety of health benefits; however, only about 30%
of the population produces equol [39]. The bioavailability of the isofta
vones is highly variable and may depend upon a number of factors including
form of soy intake, intestinal microftora populations, and inter-individual
differences [2]. The metabolism, absorption, and bioavailability of soy
isoftavones are thoroughly reviewed elsewhere [40,411.

23.2.3 Biological Activities of Soy

The isoftavones in soy have been shown to have a variety of biological
actions. In regard to human health benefits, they are probably best known
for the ability to bind estrogen receptors (ER). However, soy isoftavones
also have a number of non-ER-mediated biological functions.

23.2.3.1 Estrogen Receptor Binding

The isoftavones present in soy have been shown to bind and activate both
ERa and ER~ [42,43], though with much less potency than estradiol.
Binding of the soy isoftavones to ER~ is generally more potent than binding
to ERa [42,43]. It has been suggested that the soy isoftavones may act more
like a selective estrogen receptor modulator than an estrogen because genis
tein binds to the ER more like raloxifene than estradiol [44]. Additionally,
it has been suggested that isoftavones may act as estrogen antagonists in a
high estrogen environment, but act as estrogen agonists in a low estrogen
environment [45]. Many of the purported health benefits of soy, especially in
relation to menopausal symptoms, osteoporosis, and cardiovascular disease,
have been suggested to be due to the isoftavones' ability to bind to ER.

23.2.3.2 Non-ER-Binding Activities

Soy and soy isoftavones can affect biological systems in a variety of ways
other than through ER binding. It has long been known that the isoftavone
genistein is a potent tyrosine kinase inhibitor [46] and thus may inhibit cell
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proliferation and differentiation. Interestingly, the tyrosine kinase effects
of genistein have been postulated to be irrelevant to genistein's potential
health benefits due to the doses required to observe these effects [47].

It has also been reported that soy and soy isoflavones have antioxidant
functions, which may be partly responsible for the health benefits of soy.
Soy isoflavones have been reported to reduce lipid peroxidation [48,49],
scavenge oxidative free radicals [50], reduce oxidative damage to DNA [51],
and upregulate the expression of antioxidant genes [52]. In contrast, it has
been suggested that soy has minimal antioxidant functions [53].

Soy isoflavones have also been reported to inhibit some steroidogenic
enzymes. Early studies suggested that soy isoflavones weakly inhibit
aromatase [54,55], the enzyme responsible for the conversion of androgens
to estrogens. Additional studies have demonstrated that soy isoflavones
inhibit other enzymes in the steroidogenic pathway including 3~- and
17~-hydroxysteroid dehydrogenase [56,57] and Sa-reductase [58]. These
enzyme-inhibitory actions may have beneficial effects in regard to cancer
risk.

23.3 Soy for Skin Care

23.3.1 In Vitro Evidence

The majority of in vitro research to date on the potential benefits of soy for
skin health has focused on the soy isoflavones and their effects on skin
aging and photocarcinogenesis. Both photocarcinogenesis and extrinsic
skin aging have been attributed to the damaging effects of solar ultraviolet
(UV) radiation. Some early research demonstrated that 10 IlM genistein
treatment of UVA-exposed human epidermoid carcinoma cells suppressed
the production of 8-hydroxy-2'-deoxyguanosine (8-0HdG), a form of oxi
dative DNA damage [59]. The ability of genistein to reduce oxidative DNA
damage in this system was suggested to be due to its ability to scavenge
free oxygen radicals.

Recent research has confirmed the antioxidant and DNA-protective effects
of soy isoflavones. Treatment of human epidermal carcinoma A431 cells
with high doses of genistein (> 100 IlM) has been shown to block UV
irradiation-induced apoptosis [60]. The protective effect of gensitein in
this study appeared to be due to a reduction in intracellular oxidative stress
because genistein pretreatment suppressed the UV irradiation-induced
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increase in intracellular reactive oxygen species. Using an in vitro full thick
ness, three-dimensional human reconstituted skin model (Epifrermf'T'>'),
Moore et al. [61] demonstrated that pretreatment with genistein (10 11M,
20 11M, and 50 11M) resulted in a dose-dependent reduction in UVB-induced
DNA damage as assessed by pyrimidine dimer formation and a preserva
tion of the skin's histological architecture. Furthermore, these authors
reported that genistein treatment suppressed UVB-induced reduction in
proliferating cell nuclear antigen (peNA), suggesting that genistein dose
dependently maintained the skin cells' ability to proliferate and repair in
the face of UVB radiation. In addition to its antioxidant properties, it has
been reported that genistein has anti-inflammatory properties in normal
human keratinocytes [62].

Soy isoflavones have also been reported to support skin health by addi
tional mechanisms, which mayor may not be related to their antioxidant
properties. Kim et al. [63] reported that treatment of human fibroblasts
with a soy isoflavone extract consisting of predominantly genistein and
daidzein at a dose of 10 ppm significantly reduced UV-induced matrix
metalloproteinase-l secretion. Similar, but non-significant, results were
observed with I ppm isoflavone treatment. Both purified genistein and
varying soy extracts have been shown to have positive effects on primary
human dermal fibroblasts [64]. In their study, Sudel et al. [64] reported that
in vitro treatment of human fibroblasts with purified genistein (100 ng/ml)
resulted in increased collagen synthesis. Additionally, treatment with two
different soy extracts, one containing approximately 20% isoflavones and
one containing about 11% isoflavones plus 14% soy saponins, also
enhanced fibroblast collagen synthesis. Sudel et al. [64] further reported
that treatment of dermal fibroblasts with the soy extract containing both
isoflavones and saponins increased hyaluronan and sulfated glycosamino
glycan synthesis, suggesting that not only the soy isoflavones may have
benefits for skin health.

Other studies have also suggested that the benefits of soy for skin health do
not appear to be due solely to the presence and activity of the isoflavones.
Application of a soy peptide (Phytokine") to an in vitro skin equivalent
model resulted in a significant increase in hyaluronic acid and a tendency
for increased collagen production [65]. Treatment of human skin organ
cultures with a soy extract (4-40 ug/rnl) reduced retinoid-induced epider
mal hyperplasia by up to 41% [66]. Additionally, the soy extract (40 ug/ml)
was reported to enhance type I procollagen production by 50% by dermal
fibroblasts in this same study.
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Overall, these data suggest that various components of soy, including iso
flavones, saponins, and peptides, may have a variety of beneficial effects
on skin health. The mechanisms of these effects appear to be varied and
may include antioxidant potential, suppression of inflammatory processes,
production of extracellular matrix (ECM) components, and suppression of
enzymes involved in ECM breakdown.

23.3.2 In Vivo Evidence: Topical Application

In addition to in vitro studies on the potential protective effects of soy
against photoaging and photocarcinogenesis, a number of studies have
been conducted to determine the effects of the topical application of soy
components. The majority of these studies have focused on the potential
protective effects of soy and soy isoflavones against photocarcinogenesis.
Wei et al. [67] demonstrated that topical application of genistein inhibits
both the initiation and promotion of skin tumorigenesis. In this study,
genistein applied topically to mice at a dose of 10 umol/day for 1 week
prior to 7,12-dimethylbenz[a]anthracene (DMBA) treatment reduced
tumor incidence and multiplicity by 20% and 50%, respectively. Also,
genistein dose-dependently inhibited 12-0-tetradecanoyl phorbol-13-ace
tate (TPA) tumor promotion by up to 75% in mice [67]. In hairless mice,
UVB radiation-induced initiation and promotion of photocarcinogenesis
were inhibited by topical administration of genistein (1 umol and 5 umol),
resulting in the reduction of tumor incidence and multiplicity [68]. Daily
topical applications of equol, a metabolite of the soy isoflavone daidzein,
reduced the proportion of tumors progressing from benign papillomas to
malignant squamous cell carcinomas by 33-58% and reduced the size of
these carcinomas by 71-82% [69]. This study also demonstrated that
the topical application of equol (10 umol) lengthened tumor latency and
reduced tumor multiplicity.

The mechanism(s) responsible for the protective actions of soy on photo
carcinogenesis appear to by manifold. Wei et al. [67] reported that
genistein treatment dose-dependently reduced DMBA-induced DNA
adduct formation and TPA-induced hydrogen peroxide formation. This
research group further reported that topical genistein application (10 umol)
suppressed the UVB-induced expression of the proto-oncogenes c-fos
and c-jun, likely through inhibition of UVB-induced epidermal growth
factor receptor phosphorylation [70]. Genistein might also protect
against skin cancer by suppressing UVB-induced formation of pyrimidine
dimers and 8-hydroxy-deoxyguanosine (8-0HdG), inhibiting UVB-induced
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suppression of peNA expression, reducing UVB-induced phosphoryla
tion of MAP kinase, and blocking the damages (cutaneous ulceration,
apoptosis, cleavage ofpoly[ADP-ribose] polymerase) caused by treatment
with psoralen plus UVA [68,71]. Other studies have shown that equol may
protect against solar-simulated UV radiation (SSUV)-induced photo
carcinogenesis by reducing contact hypersensitivity, inflammatory edema,
DNA damage, and epidermal hyperplasia [72-74]. Suppression of SSUV
induced epidermal hyperplasia and contact hypersensitivity appears to be
mediated by the upregulation of metallothionein expression [74].

In addition to potential protection against skin photocarcinogenesis, soy
and its isoflavones have been reported to have beneficial effects on photo
aging. Wei et al. [68] demonstrated that topical application of 5 umol
genistein to mouse skin 60 minutes prior to exposure to UVB radiation
blocked UVB-induced sunburn. Furthermore, these authors reported that
application of genistein both before and after chronic exposure to UVB
radiation reduced photodamage. In human subjects, topical application of
5 umol genistein suppressed UVB-induced erythema. This effect was best
observed when genistein was applied before UVB exposure because both
erythema and discomfort were alleviated, whereas application post-UVB
exposure only improved discomfort [68]. These benefits do not appear to
be limited to just genistein. Topical application of a 2% soy extract has
been shown to significantly increase the number of dermal papillae in
human skin, suggesting a rejuvenation of the dermal-epidermal junction
[64]. Additionally, topical application of equol has also been shown to
reduce SSUV-induced epidermal hyperplasia, mast cell numbers, elasto
sis, collagen degradation, and glycosaminoglycan deposition in mice [75].
More recently, a standardized soy extract containing nondenatured
soybean trypsin inhibitor (ST!) and nondenatured Bowman-Birk inhibitor
(BBI), two soy peptides with protease activities, has been shown to improve
skin texture and tone, reduce fine lines, and improve overall appearance as
early as 2 weeks after topical application to human facial skin [76].

23.3.3 In Vivo Evidence: Dietary Consumption

Despite the mounting in vitro and topical evidence elucidating the potential
benefits of soy for skin care, little research has been done to examine the
dietary benefits of soy for skin health. In a study by Kim et al. [63], mice
were orally administered 500 mg of a soy extract/kg of body weight per
day for 4 weeks and were exposed to UV radiation 3 times per week.
Administration of the soy extract significantly improved parameters of
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skin roughness and nonsignificantly reduced transepidermal water loss,
fine wrinkles, and UV radiation-induced thickening ofthe epidermis [63].
A separate study demonstrated that the addition of genistein to the drink
ing water of mice for 27 weeks starting 2 weeks prior to chronic UVB
exposure resulted in a reduction in skin photocarcinogenesis [68].

23.4 Soy for Hair Care

In addition to the benefits of soy and/or soy isoftavones for skin care, recent
research has suggested that soy may be beneficial for hair health as well.
McElwee et al. [77] demonstrated in a mouse model that dietary consump
tion of soy oil reduced the incidence of alopecia areata in a dose-response
fashion. In this study, the incidence of alopecia areata in soy oil-treated
mice was 86%, 39%, and 18% in mice receiving 1%,5%, and 20% soy oil,
respectively. These authors also reported that only 4 of 10 mice injected
with genistein developed alopecia areata compared to 9 of 10 control
mice [77]. The effect of soy on hair loss does not appear to be restricted to
only the isoftavones. Tsuruki et al. [78] reported on the isolation of an
immunostimulating peptide, "soymetide-4," from a trypsin digest of soy
protein, and demonstrated that this peptide inhibited chemotherapy-induced
alopecia in neonatal rats. It has been suggested that the effects of soymetide-4
may be via prostaglandin E2 suppression of hair follicle apoptosis [79].
Harada et al. [80] demonstrated the benefits of coadministration of soy
isoftavones with capsaicin for hair health in both mice and human sub
jects. In mice, subcutaneous treatment with isoftavones and capsaicin for
4 weeks promoted hair regrowth to a significantly greater extent than did
capsaicin alone, with both treatments enhancing hair growth more than the
study control. Oral administration of capsaicin plus soy isoftavones for
5 months promoted hair growth in 64.5% of human subjects with alopecia,
compared to only 11.8% of subjects consuming the placebo treatment. It
was suggested that these benefits were likely due to increases in IGF-I,
because dermal and serum IGF-l levels were increased in mice and human
subjects, respectively, after treatment with capsaicin plus isoftavones [80].

Soy has also been reported to have some hair-related cosmetic benefits. In
mice, topical application of STI and BBI as well as application of soymilk
containing these protease inhibitors delayed hair growth and reduced hair
shaft length, hair follicle size, hair shaft thickness, hair bulb diameter, and
hair pigmentation [81]. These investigators also demonstrated that topical
application of soymilk containing STI and BBI to facial and leg skin
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reduced the length and thickness of hair shafts and reduced hair growth in
human subjects [81].

23.5 Effect of Dietary Sayan the Skin, Hair,
and Nails of Postmenopausal Women

The studies discussed above have demonstrated the potentially beneficial
effects of soy and/or soy isoflavones on hair loss, sunburn, photoaging, and
photocarcinogenesis. However, there have been no studies examining the
effects of dietary soy and soy isoflavones on dermatologic conditions in
postmenopausal women, a population with an increasing interest in the
use of soy as an alternative to hormone therapy. Therefore, we conducted
a study to investigate the benefits of dietary soy for postmenopausal skin,
hair, and nail appearance.

23.5.1 Design and Methods

We hypothesized that supplementation of soy products to the diet of
postmenopausal women would (I) improve the health and appearance
of the skin by normalizing skin pigmentation and reducing wrinkles,
(2) improve the health and appearance of hair by enhancing sheen and ease
of combing, and (3) improve the health and appearance of nails by enhancing
shine and flexibility.

For this pilot study, we treated postmenopausal women (50-65 years of
age with only mild to moderate photoaging; n = 40) with one soy shake
(Soy; 20 g soy protein with 160 mg total isoflavones; n =20) daily or no
dietary intervention (Control; n = 20) for 6 months. The subjects were
required to make three visits to the board-certified dermatologist assisting
with the study, at baseline, at 3 months, and at 6 months. During each visit,
subjects were asked to complete a questionnaire in order to provide
self-reported improvements. Following completion of the questionnaire,
subjects were examined by the dermatologist and staff to assess the health
and appearance of their skin, hair, and nails. Statistical analysis was
conducted using the Mann-Whitney nonparametric two-tailed paired test.
Significance was defined as P ~ 0.05.

Four measurements were conducted to assess the health and appearance of
the skin. Transepidermal water loss was measured with an evaporimeter,
skin hydration was tested with a corneometer, and facial skin pigmentation
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and fine wrinkles were photographically recorded for later assessment.
Facial skin parameters of roughness, wrinkling, flaking, and discoloration
were rated on a scale of 0--4, with 0 = none, I = slight, 2 = mild,
3 =moderate, and 4 =severe.

Hair was visually assessed for sheen and tested for ease of combing to
determine the potential beneficialeffects of soy on hair health and appearance.
To properly compare treatment differences and improvements over time,
the women were provided a list of acceptable shampoos for their use dur
ing the study. They were required to choose one and use it for the duration
of the study period. Hair appearance parameters of roughness, dullness,
lack of manageability, and scalp flaking were rated on a scale of 0--4, with
o= none, I = slight, 2 = mild, 3 = moderate, and 4 = severe.

To measure changes in the health and appearance of fingernails, the nails
were visually appraised for shine, splitting, and flexibility. Fingernail
parameters of roughness, ridging, flaking, and splitting were rated on a
scale of 0--4, with 0 = none, I = slight, 2 = mild, 3 = moderate, and
4 =severe.

Study participants provided self-assessments of their facial skin (rough
ness, wrinkling, brown spots, and itching/burning), hair (roughness,
breakage, splitting, and combing difficulty), and fingernails (roughness,
splitting, and breakage) using a scale of 0--4, with 0 =none, I =minimal,
2 = mild, 3 = moderate, and 4 = severe.

23.5.2 Results and Discussion

23.5.2.1 Facial Skin Appearance

Facial skin appearance was assessed for changes in roughness, wrinkling,
flaking, discoloration, and overall appearance. The results of this study
revealed a number of investigator-assessed physical benefits from use of
the product for the 6-month study period (Fig. 23.2). After 3 months,
improvements from baseline were significantly greater in the Soy group
compared to the Control group for facial skin flaking (P =0.028), dis
coloration (P = 0.048), and overall appearance (P = 0.05). Similarly,
improvements from baseline after 6 months were significantly greater
in the Soy group compared to the Control group for facial wrinkling
(P = 0.004), discoloration (P = 0.016), and overall appearance (P = 0.00(1).
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Figure 23.2 Change from baseline in facial skin appearance of
postmenopausal women as determined by dermatologist assessment
after 3 months and 6 months of dietary soy consumption. The asterisk
indicates significant differences between groups for change from
baseline (P < 0.05).

23.5.2.2 Fingernail Appearance

The nails of the subjects using the soy supplement also demonstrated
investigator-assessed improvements (Fig. 23.3). Though no changes
were apparent after 3 months, improvement was noted after 6 months of
soy consumption. Compared to the Control group, improvements from
baseline after 6 months were observed for nail roughness (P = 0.017),
ridging (P =0.006), flaking (P =0.(49), splitting (P =0.007), and overall
appearance (P =0.0(8) in the Soy group.

23.5.2.3 Hair Appearance

Hair appearance was improved at both the 3- and 6-month time points as
determined by dermatologist evaluations (Fig. 23.4). Compared to the
Control group, improvements from baseline values were significantly
greater in the Soy group for hair roughness (P =0.041), manageability
(P =0.018), and overall appearance (P =0.016) after 3 months of dietary
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Figure 23.3 Change from baseline in fingernail appearance of
postmenopausal women as determined by dermatologist assessment after
3 months and 6 months of dietary soy consumption. The asterisk indicates
significant differences between groups for change from baseline (P < 0.05).

Figure 23.4 Change from baseline in hair appearance of postmenopausal
women as determined by dermatologist assessment after 3 months and
6 months of dietary soy consumption. The asterisk indicates significant
differences between groups for change from baseline (P < 0.05).
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intervention. The Soy group also saw statistically significant improvements
from baseline compared to the Control group after 6 months in terms of
hair roughness (P =0.004), dullness (P =0.048), and overall appearance
(P =0.005).

Similar to investigator-assessed benefits, the study subjects also per
ceived beneficial changes. The women consuming a daily soy sup
plement perceived significant improvements in facial skin roughness
(P =0.013) and wrinkling (P =0.014) at the end of 3 months, and there
was a continued perception of improvement in facial roughness (P =0.009)
after 6 months. Self-perception of changes in the appearance of hair and
nails after 3 months of consuming the soy supplement were not observed.
However, after 6 months of soy supplementation, there was some
self-perceived improvement noted in hair roughness, but no difference
in nails.

Changes in skin hydration and transepidermal water loss were not signifi
cantly different between treatment groups after 6 months.

The results of this study demonstrate that daily soy consumption may
improve dermatologic health. Dermatologist-assessed improvements in
skin, hair, and nails were evident after 6 months of soy consumption,
with some benefits being noted as early as 3 months. Additionally, over
all skin, nail, and hair appearance were improved to at least some degree
in 93%, 67%, and 53% of study participants, respectively, after 6 months
of soy consumption (Fig. 23.5). These findings point to the value of a soy
supplement for the appearance of skin, hair, and nails in postmenopausal
women.

23.6 Effect of Dietary Sayan the Skin, Hair,
and Nails of Premenopausal Women

Our initial clinical trial demonstrated that dietary soy supplementation has
beneficial effects on the skin, hair, and fingernails of postmenopausal
women [82]. To our knowledge, our initial study was the first to examine
the effects of dietary soy on dermatologic conditions in postmenopausal
women. To date there have been no studies on the effects of dietary soy
consumption on dermatologic health in premenopausal women, so we
conducted a second study to investigate the potential benefits of dietary
soy for premenopausal skin, hair, and nail appearance.



458 NATURAL SUPPORT FOR A HEALTHIER COMPLEXION

Figure 23.5 Percent of postmenopausal women showing improvement
in overall skin, fingernail, and hair appearance after consumption of soy
daily for 3 months and 6 months.

23.6.1 Design and Methods

We hypothesized that supplementation of dietary soy to overweight pre
menopausal women as part of a soy-based meal replacement diet plan would
(I) improve the health and appearance of the skin by normalizing skin pig
mentation and reducing wrinkles, (2) improve the health and appearance of
hair by enhancing sheen and ease of combing, and (3) improve the health
and appearance of nails by enhancing shine, flexibility, and strength.

For this study, we treated overweight or obese (BMI = 30--40 kg/rrr')
premenopausal women (25--45 years of age) with only mild to moderate
photoaging (n =40) with soy protein (Soy; -20 g soy protein with 160 mg
total isoflavones; n = 20) or milk protein (Milk; -20 g of protein with
omg isoflavones; n =20) for 6 months. The subjects were asked to come
into the office for a total of seven visits, at baseline and at monthly inter
vals for 6 months. At baseline, month 3, and month 6, the subjects were
asked to complete a questionnaire in order to provide self-reported
improvements related to hair, skin, and nail health. Following comple
tion of the questionnaire, the investigator and the dermatology clinic
staff examined the subjects to assess the health and appearance of their
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skin, hair, and nails at baseline, month 3, and month 6. Statistical analy
sis was conducted using Mann-Whitney nonparametric, two-tailed tests.
Comparisons were made between treatment groups and from baseline.
Significance was defined as P ~ 0.05.

Multiple dermatologist-assessed end points were examined to assess the
health and appearance of the skin. Facial photographs were taken at base
line and after 3 and 6 months and analyzed at a later date. Qualitative
assessments of skin roughness, wrinkling, flaking, and discoloration were
performed and classified using a scale of 0-4, with 0 = none, 1 = slight,
2 = mild, 3 = moderate, and 4 = severe at baseline, month 3, and month 6.

To determine the potential beneficial effects of soy on hair health and
appearance, hair was qualitatively assessed for roughness, dullness, lack
of manageability, and scalp flaking and classified using a scale of 0-4,
with 0 = none, 1 = slight, 2 = mild, 3 = moderate, and 4 = severe at base
line, month 3, and month 6. To properly compare treatment differences
and improvements over time, the women were provided a list of accept
able shampoos for their use during the study. They were required to choose
one and use it for the duration of the study period.

Changes in the health and appearance of fingernails were visually appraised
for roughness, ridging, flaking, and splitting and rated using a scale of 0-4,
with 0 = none, 1 = slight, 2 = mild, 3 = moderate, and 4 = severe at base
line, month 3, and month 6.

Study volunteers were asked to provide self-assessments of their facial
skin (roughness, wrinkling, presence of brown spots, and itching/burning),
hair (roughness, breakage, split ends, and combing difficulty), and finger
nails (roughness, splitting, and breakage) using a scale of 0-4, with
o= none, 1 = minimal, 2 = mild, 3 = moderate, and 4 = severe.

23.6.2 Results and Discussion

When comparing change from baseline between treatment groups, a
statistically significant difference in skin wrinkling was observed at
3 months, with the Soy group exhibiting a greater decrease in wrinkling
than the Milk group (P = 0.(4). No other treatment differences were
observed at either 3 months or 6 months. In contrast, numerous benefits
were observed from baseline when the data was examined within individual
treatments groups.
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Figure 23.6 Severity index for parameters of facial skin appearance of
premenopausal women as determined by dermatologist assessment
after 3 months and 6 months of dietary soy consumption. The asterisks
indicate significant differences from baseline (P < 0.05).

23.6.2.1 Facial Skin Appearance

After 3 months of dietary supplementation with either soy or milk protein,
skin roughness and desquamation were significantly improved in both treat
ment groups (P < 0.05). However, skin discoloration was only significantly
improved in the soy protein group (P =0.005) at 3 months. Skin desqua
mation, roughness, and discoloration were each significantly (P < 0.05)
improved by dietary supplementation with both soy and milk protein shakes
after 6 months (Fig. 23.6). In contrast, only soy protein supplementation
significantly (P < 0.05) improved skin wrinkling and erythema after 6 months
compared to baseline. These data suggest that both soy and milk proteins
have multiple benefits for facial skin appearance; however, only dietary soy
provided benefits for erythema and wrinkling in the current study.

23.6.2.2 Fingernail Appearance

Parameters of fingernail appearance (roughness, ridging, flaking, and
splitting) were all significantly (P < 0.0 I) improved at 3 months compared
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Figure 23.7 Severity index for parameters of fingernail appearance of
premenopausal women as determined by dermatologist assessment
after 3 months and 6 months of dietary soy consumption. The asterisks
indicate significant differences from baseline (P < 0.05).

to baseline in the soy protein group. Though improvements were observed
in the milk protein group at 3 months, these did not reach statistical signifi
cance. In contrast, both the soy protein and milk protein groups exhibited
significant (P < 0.0 I) improvements in each parameter of nail appearance
after 6 months compared to baseline (Fig. 23.7). These data suggest that
whereas dietary supplementation with both soy protein and milk protein
can support improved fingernail health, improvements may appear earlier
with soy protein supplementation.

23.6.2.3 Hair Appearance

Few statistically significant effects were observed in regard to hair appear
ance in premenopausal women (Fig. 23.8). Though modest benefits in hair
roughness, dullness, manageability, and scalp flaking were observed from
baseline in both treatment groups, only roughness and manageability
scores were significantly (P < 0.05) improved, and these only in the soy
protein group after 6 months of dietary supplementation. These data
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Figure 23.8 Severity index for parameters of hair appearance of
premenopausal women as determined by dermatologist assessment
after 3 months and 6 months of dietary soy consumption. The asterisks
indicate significant differences from baseline (P < 0.05).

suggest that whereas both dietary milk and soy protein may have benefi
cial effects on hair appearance in premenopausal women, the benefits
appear to be modest at best.

The results of this study demonstrate that both dietary soy and milk pro
teins may have multiple beneficial effects on the appearance of skin, hair,
and nails in premenopausal women. While both dietary supplements
appeared to support the appearance of healthy skin, hair, and nails, dietary
soy supplementation seemed to support more individual parameters of
dermatologic appearance and seemed to provide earlier benefits in some
instances.

23.7 Summary and Conclusion

Our studies demonstrated that dietary soy consumption for 3-6 months
improved several parameters of skin health in both pre- and postmeno
pausal women. It was also observed that fingernail appearance was
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improved in both pre- and postmenopausal women; however, it was
interesting to note that benefits to fingernail appearance seemed to appear
sooner in premenopausal women. Though improvements in hair appear
ance and manageability were evident, these changes seemed more modest
than the benefits observed for skin and nail appearance.

It is becoming clearer that topical application of personal care products
is only one way to protect our appearance and health as we age. As
described above, there is a growing amount of evidence depicting the
benefits of soy protein and soy isoflavones for skin health appearance
when applied topically. Additionally, a few studies have suggested that
dietary soy may also have dermatological benefits, though nearly all of
these studies have been conducted in animal models. Our studies are
some of the first to demonstrate the potential benefits of dietary soy for
skin, hair, and nail appearance in women. Overall, these data indicate
that dietary soy (protein and/or isoflavones) consumption can improve
the appearance of the skin, hair, and nails and that dietary consumption
may complement topical application of soy-containing products to provide
a full inside-outside approach to personal care.
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24.1 Introduction

Tea is consumed worldwide as a popular beverage because of its charac
teristic aroma, flavor, and health benefits [1]. Of the total commercial tea
production worldwide, about 78% is consumed in the form of black tea,
mainly in western countries and some Asian countries, and 20% is con
sumed in the form of green tea. Green tea is primarily consumed in some
Asian countries, like Japan, China, Korea, and parts of India; a few coun
tries in North Africa; and the Middle East [2,3]. Approximately 2% of tea
is consumed in the form of oolong tea, a partially fermented tea, in some
parts of Southeastern China [1,2]. The basic steps of manufacturing different
tea varieties are more or less similar except to protect and develop their
aroma during the fermentation process, which also controls the oxidation
status of the individual catechin/epicatechin molecules and their deriva
tives present in fresh tea leaves [1]. The characteristic aroma and health
benefits of green tea are associated with the presence of catechin/epicatechin
derivatives, which are commonly called "polyphenols." The major
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polyphenolic constituents present in green tea are (-)-epicatechin,
(-)-epigallocatechin, (-)-epicatechin-3-gallate, and (-)-epigallocatechin-3
-gallate (EGCG) [1-3]. In addition to a small amount of catechins, black
tea contains thearubigins and theaflavins, which are the polymerized forms
of catechin monomers and are the major components formed during
enzymatic oxidation and fermentation processes [1,3].

24.2 Solar Ultraviolet (UV) Radiation

Solar UV radiation makes up about 5% of the electromagnetic spectrum
that reaches the earth's surface. Three UV spectral regions have been des
ignated based on their biological effects. Terrestrial UV radiation consists
of 5-6% UVB and 90-95% UVA. Negligible amounts of UVC reach the
earth's surface due to the filtering capacity of the ozone layer. Thus, the
solar UV spectrum is mainly divided into three main categories based on
their wavelengths and adverse biological effects [4,5]: long-wave UVA
(320--400 nm), mid-wave UVB (290-320 nm), and short-wave UVC
(200-290 nm). Briefly, these are summarized below.

24.2.1 Long-Wave UVA

UVA comprises the largest spectrum of solar UV radiation (90-95%)
and is considered as the "aging ray." UVA penetrates deeper into the
epidermis and dermis of the skin and it has recently been shown that
extensive UVA exposure can lead to benign tumor formation as well as
malignant cancers [6,7]. Its exposure induces the generation of singlet
oxygen and hydroxyl free radicals, which can cause damage to cellular
macromolecules, like proteins, lipids, and DNA [8]. In contrast to UVC
or UVB, UVA is hardly able to excite the DNA molecule directly and
produces only a small number of cyclobutane pyrimidine dimers in the
skin. Therefore it is presumed that much of the mutagenic and carcino
genic action of UVA radiation appears to be mediated through reactive
oxygen species [9,10]. However, it is still a matter of debate. It has
been suggested that bipyrimidine photoproducts rather than oxidative
lesions are the main type of DNA damage involved in the genotoxic
effect of solar UVA radiation [II]. UVA is a significant source of oxi
dative stress in human skin and causes photoaging in the form of skin
sagging rather than wrinkling [12] and can suppress some immunological
functions [13].



474 NATURAL PROTECTION FROM PHOTOCARCINOGENESIS

24.2.2 Mid-Wave UVB

UVB radiation constitutes approximately 5% of the total solar UV radiation
and is mainly responsible for a variety of skin diseases including nonmela
noma and melanoma skin cancers. UVB radiation can penetrate inside the
epidermis of skin and can induce both direct and indirect adverse biological
effects including induction of oxidative stress, DNA damage, cancer, and
premature aging of the skin [4,14]. Excessive exposure of UVB radiation
decreases the levels of antioxidant defense enzymes in the skin, impairing
their ability to protect from harmful effects [4,14].

24.2.3 Short-Wave UVC

UVC radiation is largely absorbed by the atmospheric ozone layer and
does not reach the surface of the earth. These wavelengths have enormous
energy and are mutagenic in nature.

24.3 Characteristics of UV Radiation

Solar UV radiation, particularly UVB (290-320 nm), possesses suppressive
effects on the immune system [15] and can act as a tumor initiator [16],
tumor promoter [17], and cocarcinogen [18,19]. Exposure of the skin to
UVB radiation induces a variety of biological effects, including inflam
mation, sunburn cell formation, immunologic alterations, induction of
oxidative stress, and DNA damage, which play important roles in the
generation and maintenance of UV-induced neoplasms [20-22]. Although
skin possesses an elaborate defense system consisting of enzymatic and
nonenzymatic components to protect the skin from adverse biological
effects of UV radiation, excessive exposure to UV radiation overwhelms
and depletes the cutaneous defense system and its ability, leading to the
development of various skin disorders and/or diseases including the risk of
skin cancers [17,22-24].

UVB radiation has multiple effects on the immune system [25,26]. There
is ample clinical and experimental evidence to suggest that immune factors
contribute to the pathogenesis of solar UV-induced skin cancer in mice
and probably in humans as well [27,28]. Chronically immunosuppressed
patients living in regions of intense sun exposure experience an exception
ally high rate of skin cancer [29]. This observation is consistent with the
hypothesis that immune surveillance is an important mechanism designed
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to prevent the generation and maintenance of neoplastic cells. Further, the
incidence of skin cancers, especially squamous cell carcinoma, is also
increased among organ transplant recipients [30-32]. The increased fre
quencies of squamous cell carcinomas, especially in transplant patients,
are presumably attributable to a long-term immunosuppressive therapy [33],
however nonimmune mechanisms may also playa role [34]. These studies
provide evidence in support of the concept that UV-induced immune
suppression promotes the development of skin tumors.

24.4 Skin

The skin is the largest organ of the body and comprises a surface area of
approximately 1.5-2.0 rrr', It protects the internal organs of the body by
acting as an effective barrier against the detrimental effects of environ
mental and xenobiotic agents. Thus the major role of the skin is to provide
a protective covering at this crucial interface between inside and outside.
Morphologically, skin is a composite of a variety of cell types and organel
lar bodies, each of which has a particular function. Achieving this goal has
resulted in the evolution of a complex structure involving several different
layers, each with particular properties. The major layers include the epi
dermis, the dermis, and the hypodermis (Fig. 24.1). The epidermis is a
stratifying layer of epithelial cells that overlies the connective tissue layer,
the dermis. The dermis is divided into papillary dermis and reticular dermis.
The epidermis and dermis are supported by an internal layer of adipose
tissue, called the hypodermis. Skin cancer is mainly associated with the
epidermal layer and its cell types. The major cell type of the epidermis is
the keratinocytes. They comprise> 90% of the cells of the epidermal layer.
Other cell types are: Langerhans cells, melanoma cells, and yo T cells. In
laboratory animals like the mouse, the epidermis is about 2-3 cell layers
thick (Fig. 24.1B), whereas in human skin, the epidermis is quite thick and
about 8-15 cell layers thick (Fig. 24.1A). Among many environmental and
xenobiotic factors, the exposure of the skin to solar UV radiation is the key
factor in the initiation of several skin disorders, such as wrinkling, scaling,
dryness, mottled pigment abnormalities consisting of hypopigmentation
and hyperpigmentation, and skin cancer [4,35,36]. Statistical analysis
indicates that the average annual UV dose that an average American typi
cally receives in a year is about 2,500-3,300 ml/crrr'. Further, an average
female is exposed to an average 2,200 ml/crrr' and males 2,800 ml/crrr'
each year, with an additional exposure of about 800 ml/crrr' of solar UVB
radiation during a conservative vacation period [37,38].
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Figure 24.1 Structure of the normal skin. The morphology of the human
and mouse skin is shown in Panel A and Panel B, respectively. The
epidermis in human skin is thicker than that of mouse skin. The stratum
corneum is a layer of dead cells and hydrophobic in nature. PO: papillary
dermis; RO: reticular dermis; HO: hypodermis.

24.5 Phytochemicals and Photoprotection

There has been considerable interest among the human population for the
use of naturally occurring botanicals/phytochemicals for the prevention of
UV-induced photodamaging effects, including photoaging of the skin and
nonmelanoma and melanoma skin cancers. Botanical supplements, spe
cifically dietary botanicals, possessing anti-inflammatory, immunomodu
latory, and antioxidant properties are among the most promising group of
phytochemicals that can be exploited as ideal chemopreventive agents for
a variety of skin disorders in general and skin cancer in particular. Recent
advances in our understanding at the cellular and molecular levels of car
cinogenesis have led to the development of promising strategies for the
prevention of cancer or "chemoprevention,' Chemoprevention is a means
of cancer control by the use of specific natural or synthetic chemical sub
stances that can suppress, retard, or reverse the process of carcinogenesis
and other skin diseases. Thus, chemoprevention offers a realistic promise
or strategy for controlling the risk of skin diseases. Further, the chemopre
ventive approach appears to have practical implications in reducing skin
cancer risk because, unlike the carcinogenic or polluted environmental
factors that are difficult to control, individuals can modify their dietary
habits and lifestyle in combination with careful use of skin care products
to prevent photodamaging effects of solar UV radiation. Studies have
shown the chemopreventive potential of several naturally occurring phy
tochernicals, such as green tea polyphenols (GTPs), silymarin, retinoids,
and grapeseed proanthocyanidins, etc., against UV radiation-induced
inflammation, oxidative stress, and photocarcinogenesis [2,5,39,40]. Here,
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we will only summarize and discuss the photoprotective potential of green
tea polyphenols and their mechanisms of action.

24.6 Green Tea and Green Tea Polyphenols (GTPs)

Commercial beverage-grade tea is manufactured from the leaves and
buds of the plant Camellia sinensis and is commercially available in three
forms: green, black, and oolong tea [1-3]. The basic steps of manufactur
ing the various forms of teas are similar except in the development of
their aroma and in the fermentation process, which is dependent on the
oxidation states of catechins present in tea leaves. The term green tea
refers to the product manufactured from the fresh leaves of the tea. The
production of green tea is characterized by an initial heating process,
which kills the enzyme polyphenol oxidase, which is responsible for the
conversion of the flavanols in the leaf into the dark polyphenolic compounds
that are found in black tea.

The catechins present in green tea are commonly called polyphenols
and are flavanols in nature. The major catechins found in green tea
are: (-j-epicatechin, (-)-epigallocatechin, (-)-epicatechin-3-gallate, and
(-)-epigallocatechin-3-gallate (EGCG). The chemical structures of these
catechins or polyphenols are shown in Fig. 24.2. These polyphenols are
antioxidant and anti-inflammatory in nature and have been shown to pos
sess anticarcinogenic activity in several in vitro and in vivo systems [5,41].
Of these major polyphenols, EGCG is the major and most effective chemo
preventive agent and has been extensively studied in several disease mod
els including its use in skin photoprotective activity. It is noteworthy to
mention that during the black tea manufacturing process the catechin
derivatives are oxidized, polymerized, and converted into a less well
defined group of compounds known as thearubigens. The thearubigen
fraction is a mixture of substances with a molecular weight distribution of
1,000-40,000 and accounts for about 15% of the dry weight solids of black
tea [1]. The experimental evidence from several in vitro and in vivo studies
indicate that the green tea polyphenols (GTPs) are better chemopreventive
in nature than those present in black tea. Hence, extensive studies were
conducted with GTPs. Here we describe the photoprotective potential, in
particular antiphotocarcinogenic potential, of green tea polyphenols and
their mechanisms of action, specifically the recent developments on
the photoimmunology and DNA repair mechanisms in prevention of
photocarcinogenesis by GTPs or EGCG.
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Figure 24.2 Chemical structures of major epicatechin derivatives found
in green tea. These are also called "polyphenols."

24.7 Bioavailability of Green Tea Catechins
or Polyphenols

In order to understand the health benefits of green tea polyphenols, it is also
equally important to examine and understand the bioavailability and metab
olism of individual epicatechin derivatives, such as (-)-epicatechin
(EC), (-)-epicatechin-gallate(ECG), (-)-epigallocatechin(EGC), and EGCG.
For this purpose, it is necessary to evaluate their biological activity within
the target tissues [42]. Following oral administration of tea catechins to
rats, the four principal catechins (EC, ECG, EGC, and EGCG) have been
identified in the portal vein, indicating that tea catechins are absorbed in
the intestine [43]. In rats given GTPs (0.6%, w/v) in their drinking water
over a period of 28 days, plasma concentrations of EGCG were lower
than those of EGC or EC. When the same GTP preparation was given to
mice, plasma levels of EGCG were much higher than those of EGC and
EC. So, there appear to be species differences in the bioavailability of
EGCG compared to other catechins [44]. The levels of catechins in human
plasma reach their peak at 2-4 hours after ingestion [45]. A study con
ducted in humans compared the pharmacokinetics of equimolar doses of
pure EGC, ECG, and EGCG in 10 healthy volunteers. Average peak plasma
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concentrations after a single dose of 1.5 mmol were 5.0 umol/l for EGC,
3.1 umol/l for ECG, and 1.3 umol/l for EGCG. After 24 hours, plasma
EGC and EGCG returned to baseline, but plasma ECG remained elevated
[46]. In humans, ECG has been found to be more highly methylated than
EGC and EGCG, and EGCG has been found to be less conjugated than
EGC and EC [47]. Kim et al. [44] observed that when rats were given
GTPs (0.6%, w/v) in their drinking water over a period of 28 days, sub
stantial amounts of EGC and EC were found in the esophagus, large intes
tine, kidney, bladder, lung, and prostate. EGC and EC concentrations were
relatively lower in the liver, spleen, heart, and thyroid. EGCG levels were
higher in the esophagus and large intestine, but lower in other organs,
likely due to poor systemic absorption of EGCG. The studies conducted in
rats indicated that EGCG is mainly excreted through the bile, whereas
EGC and EC are excreted through both urine and bile. Lu et al. [48]
reported that after oral administration of green tea to rats, about 14% of
EGC, 31% of EC, and < 1% of EGCG appeared in the blood; however, the
bioavailability of EGCG was higher in mice. But the biological activities
of the catechin metabolites still need to be investigated. Inter-individual
variations in the bioavailability of GTPs can be substantial and may be
due, in part, to differences in colonic microftora and genetic polymor
phisms among the enzymes involved in the metabolism of polyphenoIs [49].
The effect of green tea drinking may also differ by genotype [50]. There
appear to be species differences in the bioavailability of EGCG compared
to other tea catechins. Further, the addition of milk to tea does not interfere
with catechin absorption [51-53], but milk may affect the antioxidant
potential of tea, depending upon milk fat content, milk volume added, and
the method used to assess this parameter [51-54]. It is suggested that
determination of the actual bioavailability of metabolites in tissues may be
much more important than knowledge of their plasma concentration, but
data are still very scarce even in animals. Hence, the metabolism and bio
availability of individual tea catechins and the pharmacokinetics of their
metabolites require further attention.

24.8 Prevention of Photocarcinogenesis

Extensive studies have been conducted in in vitro and in vivo models to
assess the antiphotocarcinogenic effects of green tea. It has been found
that oral administration of GTPs (a mixture of polyphenolic components)
in drinking water to mice results in significant protection against UV
induced skin carcinogenesis in terms of tumor incidence, tumor multiplicity,
and tumor growth or size compared to those mice that were not given
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GTPs in drinking water [3,5,41,55]. The mice that were given a crude
water extract of green tea as a sole source of drinking water had developed
fewer tumors compared to those mice that were not given a water extract
of green tea [56,57]. Topical application of EGCG or administration of
GTPs in drinking water also induced partial regression or inhibition of
tumor growth of established skin papillomas in mice [58]. Oral adminis
tration of green tea as a sole source of drinking water resulted in a decreased
number of skin tumor types, such as papillomas, keratoacanthomas, and
squamous cell carcinomas induced by chronic exposure of mice to UVB
radiation. The authors' laboratory developed a hydrophilic ointment-based
formulation for the topical treatment of green tea polyphenols [59].
Treatment ofEGCG in this topical formulation has resulted in exceptionally
high protection against photocarcinogenesis in the SKH-l hairless mouse
model in terms of tumor incidence (60% inhibition), tumor multiplicity
(86% inhibition), and tumor growth in terms of total tumor volume per
group (95% inhibition) [59]. These results indicated that the use of EGCG
with topical formulation might increase the penetration or absorption
capacity inside the skin layers and the presence of a higher concentration
may be responsible for the higher photoprotection. The antioxidative
effects or photoprotective effects of GTPs or EGCG by topical treatment
were greater than in oral administration, which may be due to the presence
of a higher content of these polyphenols in topical application [60]. This
information also suggests that nutrient supply to the skin through topical
treatment might be better than oral administration.

It has been shown that green tea can protect against both UVA and UVB
radiation-induced skin cancer in mice [61]. Experimental studies con
ducted in in vitro and in vivo models indicate that GTPs or EGCG pre
vents photocarcinogenesis following several mechanisms that involve
multiple molecular targets [5,14]. Importantly, long-term oral administra
tion or topical application of GTPs or EGCG did not show signs of visible
toxicity in laboratory animals.

24.9 Modulation of Immune System

24.9.1 Prevention of UVB-Induced Immune
Suppression: CHS Model

The immunosuppressive effects of solar UV radiation are well established,
having been demonstrated most clearly on the inhibition of contact hyper
sensitivity (CHS) response induced by the contact allergens. CHS response
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is considered as a prototypic T-cell mediated immune response [62,63].
Many of the adverse effects of solar UV radiation on human health, includ
ing exacerbation of infectious diseases, premature aging of the skin, and
induction of skin cancer, are mediated at least in part by the ability of UV
radiation to induce immune suppression [64-66]. As UV-induced immuno
suppression is considered to be a risk factor for the induction of skin
cancer [67,68], prevention of UV-induced immunosuppression represents
a potential strategy for the management of skin cancer. Topical treatment
of C3H/HeN mice with GTPs resulted in significant protection against
local and systemic models of CHS where 2,4-dinitrofluorobenzene was
used as a contact sensitizer [69]. The chemopreventive effect of GTPs on
UVB-induced suppression of CHS response was dependent on the doses
of GTPs administered. Similar effects were also noted when water extract
of green tea was given to mice as the sole source of drinking water. Among
the four major epicatechin derivatives present in GTPs, EGCG was found
to be the most effective polyphenol affording protection against UVB
induced suppression of CHS. The mechanisms involved in UV-induced
immune suppression differ greatly. There are studies defining the role of
immunoregulatory cytokine interleukin (lL)-12 in the induction and elici
tation of CHS. CHS has been considered to be a Th l-rnediated immune
response [70]. Epidermal Langerhans cells, which are critical antigen pre
senting cells in the induction phase of CHS [71], have been described as
an additional source for IL-12 production. Exposure of the skin to UV
radiation induces inflammatory leukocyte infiltration in the skin, and most
prominent are the activated macrophages and neutrophils. These infiltrat
ing leukocytes (also called Cl.rl lb" cell subset) have been shown to have a
role in UV-induced immune suppression, and are the major source of reac
tive oxygen species generation at the UV-exposed site, as demonstrated in
Fig. 24.3. We were interested in determining whether topical treatment of
EGCG blocks UVB-induced infiltration of CD II b" cells and result in
downregulation of IL-I 0 or upregulation of IL-12 in skin and/or draining
lymph nodes in mice, thereby preventing UV-induced immune suppres
sion. The prevention of UVB-induced immunosuppression by EGCG
treatment was found to be associated with a reduction in the number of
infiltrating CD II b" cells in UV8-irradiated skin [72]. Hammerberg
et al. [73,74] demonstrated that blocking of infiltrating leukocytes using
anti-CD II b" antibody or treatment with soluble complement receptor
type I inhibited UV-induced immune suppression and tolerance induction
in C3H/HeN mice. Therefore, it seems that inhibition of UV-induced
immunosuppression by EGCG is mediated, at least in part, through the
inhibition of infiltrating CD II b" cells in the UVB-irradiated mouse skin.
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Figure 24.3 The schematic diagram depicts the mechanism of
UV-induced generation of oxidative stress in the skin. UV exposure
induces inflammatory responses, chemotactic factors and reactive
oxygen species (ROS) at early stage or early time points. Inflammatory
responses and chemotactic factors stimulate the infiltration of leukocytes
at UV-irradiated skin sites. Infiltrating leukocytes, particularly activated
macrophages and neutrophils (CD11 b" cells), are the major source of
ROS. The generation of ROS through CD11 b" cells is termed as the
effect at delayed stage or delayed time points. Treatment of skin with
green tea polyphenols, topical or dietary, may prevent UV-induced ROS
generation at early time points, and also at delayed time points. Inhibition
of UV-induced oxidative stress by green tea could be an effective strategy
to prevent the risk of photocarcinogenesis. UV-induced infiltrating CD11b'
cells also have a role in suppression of the immune system.

Some other molecular targets also have a role in altering the immune system
in UV-exposed skin. The cytokine IL-IO possesses immunosuppressive
activity and inhibits the antigen presenting capacity of antigen presenting
cells [75,76] in in vitro and in vivo systems. In UVB-irradiated skin, IL-IO
is primarily secreted by activated macrophages [77,78], thereby downreg
ulating CHS responses. It has been shown that intraperitoneal administra
tion of IL-I0 to mice inhibits delayed type hypersensitivity responses [79],
whereas intraperitoneal injection of anti-IL-IO antibody prevents UV
induced tolerance induction in mice [80]. In accordance with these obser
vations, the treatment of mouse skin with EGCG resulted in a decreased
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level of IL-l 0 in UV-irradiated skin as well as in draining lymph nodes
compared to mice that were not treated with EGCG. Treatment of
mice with EGCG significantly reduces the number of IL-lO producing
cells, which is accompanied with a reduction in infiltrating activated
macrophages. This effect of EGCG suggests a possible mechanism by
which EGCG prevents UVB-induced immune suppression in mice [72].

24.9.2 Prevention of UV-Induced Immunosuppression
by Green Tea Requires IL-12

IL-12 is an immunoregulatory cytokine that regulates the growth and func
tions of T-cells [81] and augments the development of Th I type cells by
stimulating the production of IFN-y [82-84]. Intraperitoneal injection of
recombinant IL-12 in mice prevents UV-induced immune suppression [85].
These studies imply that a cytokine imbalance between Th I and Th2 may
be responsible for the development of UVB-induced immunosuppression.
Topical treatment of EGCG prior to UVB exposure resulted in increased
levels of IL-12 in the skin and draining lymph nodes compared to non
EGCG treated but UVB-exposed mice [72]. Increased levels oflL-12 may
contribute in stimulating the immune responses, and therefore it appears
that EGCG treatment is capable of promoting the development of a Th I
immune response through the induction of IL-12 and may be one of the
mechanisms responsible for inhibiting UVB-induced immune suppression
in mice. To further confirm the role of IL-12 in EGCG-mediated preven
tion of UV-induced immunosuppression, IL-12 knockout (KO) mice were
used. Recently, Meeran et al. [86] have reported that topical treatment of
EGCG prevented UV-induced suppression of CHS in wild-type mice as
shown by a significant enhancement of the CHS response (ear swelling)
to 2,4-dinitrofluorobenzene, a contact allergen. In contrast, UV-exposed
IL-12 KO mice remained unresponsive to 2,4-dinitrofluorobenzene despite
the application of EGCG on the mouse skin, indicating that the immuno
preventive effect of EGCG on UV-induced suppression of CHS requires
IL-12 or is mediated through IL-12. To further confirm that prevention of
UV-induced suppression of CHS by EGCG requires IL-12, wild-type mice
were treated i.p. with anti-IL-12 monoclonal antibody. In EGCG-treated
mice, the i.p. injection of anti-IL-12 antibody significantly blocked the pre
ventive effect of EGCG on UV-induced suppression of CHS. These studies
provide convincing evidence that prevention of UV-induced suppression of
CHS by EGCG is mediated, at least in part, through IL-12. They suggest
that green tea polyphenols have the ability to modify the immunological
responses in in vivo system, which can result in beneficial effects.
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24.9.3 Prevention of UV-Induced Immunosuppression
by Green Tea Is Mediated through IL-12-Dependent
DNA Repair

Ultraviolet radiation-induced DNA damage, particularly in the form of
cyclobutane pyrimidine dimers (CPOs), is an important molecular trigger
for UV-induced immunosuppression [87], and reduction in UV-induced
CPOs through application of DNA repair enzymes can prevent UV-induced
immunosuppression [88,89]. IL-12 has the ability to remove or repair
UV-induced CPOs [90]. Schwarz et al. [91] reported that the prevention of
UV radiation-induced immunosuppression by IL-12 is dependent on
DNA repair and acts through the induction of a nucleotide excision repair
mechanism. Based on these observations, our laboratory conducted exper
iments to examine whether IL-12 contributes to the ability of EGCG to
prevent UV-induced immunosuppression by stimulating repair of UV
induced DNA damage [86]. The effect of EGCG was determined on UV
induced CPOs in wild-type mice and compared with IL-12 KO mice.
Twenty-four hours after UV irradiation it was observed that the numbers
of CPO-positive cells were significantly lower in the EGCG-treated wild-type
mice than the wild-type mice that were not treated with EGCG but were
exposed to UVB radiation. Incontrast, the UVB-induced DNA damage in
the IL-12 KO mice that had been treated with EGCG did not differ from
that in the IL-12 KO mice that had not been treated with EGCG [86]. This
information suggests that EGCG-induced IL-12 may contribute to the
repair of UV-damaged DNA, and that the difference in DNA repair
between wild-type and IL-12 KO may be due to the absence of IL-12 in
IL-12 KO mice. These studies indicate that endogenous stimulation of
IL-12 by EGCG can be used as a strategy for the prevention of UV-induced
immunosuppression in humans.

UV-induced DNA damage is an important molecular trigger for the
migration of antigen presenting cells (i.e., epidermal Langerhans cells)
from the skin to the draining lymph nodes. DNA damage in antigen pre
senting cells impairs their capacity to present Ag, which in tum results in
a lack of sensitization [92]. CPO-containing antigen presenting cells have
been found in the draining lymph nodes of UV-exposed mice [93]. These
antigen presenting cells were identified to be of epidermal origin and
exhibited an impaired Ag presentation capacity. Because the treatment of
EGCG induces IL-12 in mice [72], and IL-12 has the ability to induce
DNA repair [90], the effect of EGCG on the migration of CPO-positive
cells from the UV-exposed skin to the draining lymph nodes was studied.
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Immunohistochemical analysis of CPO-positive cells in lymph nodes after
36 hours of UV irradiation showed significant numbers of CPO-positive
cells in the draining lymph nodes in both UV-exposed wild-type and IL-12
KO mice; however, the numbers of CPO-positive cells in the draining
lymph nodes of the UV-exposed IL-12 KO mice were significantly higher
than in the draining lymph nodes of their wild-type mice. The decreased
numbers of CPO-positive cells in the draining lymph nodes of UV-exposed
wild-type mice compared to IL-12 KO mice may be attributable to the pres
ence of endogenous IL-12 in the wild-type mice at levels that are capable
of partial removal of the damaged ONA or partial repair of the damaged
ONA in the migrating cells. Treatment with EGCG resulted in a significant
reduction in the numbers of CPO-positive cells in the draining lymph nodes
of UV-exposed wild-type mice compared to UV-exposed wild-type mice
that did not receive EGCG. In contrast, there was no significant difference
in the number of CPO-positive cells in the draining lymph nodes between
EGCG-treated and non-EGCG-treated UV-exposed IL-12 KO mice. This
observation further supports the evidence that the reduction in the numbers
of CPO-positive cells in the draining lymph nodes of wild-type mice after
EGCG treatment may be due to EGCG-stimulated IL-12- mediated repair
of CPO-positive cells. The major molecular targets of green tea that are
discussed in this chapter are summarized in Fig. 24.4.

Figure 24.4 Summary of major molecular targets of GTPs. T: Upregulation;
.!-: down regulation. CPDs: cyciobutane pyrimidine dimers; CHS: contact
hypersensitivity.
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24.10 Prevention of Photocarcinogenesis by
Green Tea through IL-12-Dependent DNA Repair

Administration of GTPs in drinking water or topical application of EGCG
inhibits photocarcinogenesis in mice [55,59]. Because treatment ofEGCG
prevents UV-induced immunosuppression through stimulation of IL-12,
and IL-12 has antitumor activity and the ability to repair UVB-induced
DNA damage, the effect of EGCG on photocarcinogenesis in IL-12 KO
mouse model was studied. Meeran et al. [94] have reported that topical
treatment with EGCG significantly inhibits photocarcinogenesis in terms
of tumor incidence and tumor multiplicity in wild-type (C3H/HeN) mice
but does not prevent it in IL-12 KO mice, indicating that the prevention of
UVB-induced skin cancer by EGCG requires IL-12 cytokine. Because
UVB-induced DNA damage, particularly the formation of CPDs, has a
role in initiation of photocarcinogenesis, this study further demonstrated
that treatment with EGCG more rapidly removed or repaired UVB-induced
CPDs in wild-type mice than in IL-12 KO mice. Further treatment of
EGCG-treated IL-12 KO mice with recombinant IL-12 rapidly removes or
repairs UVB-induced CPD-positive cells. This information supports the
evidence that EGCG promotes the removal or repair of damaged DNA in
UVB-exposed skin through a mechanism that requires IL-12.

Epidermal sunburn cell formation in UV-exposed skin is primarily a conse
quence of DNA damage [94,95]. Sunburn cells are keratinocytes undergoing
apoptosis after they have been exposed to a physiologic UVB dose that has
severely and irreversibly damaged their DNA. Using IL-12 KO and their
wild-type counterparts as a tool, Meeran et al. [94] reported that treatment
with EGCG results in a significant reduction in the numbers of sunburn cells
after UVB irradiation in a time-dependent manner in wild-type mice. In
contrast to wild-type mice, the treatment ofIL-12 KO mice with EGCG did
not result in the rapid removal of sunburn cells after UVB exposure. This
difference in the repair kinetics of sunburn cells in the IL-12 KO and their
wild-type counterparts may be attributed to the endogenous stimulation of
IL-12 in the wild-type mice after EGCG treatment.

24.11 Repair of UV-Induced DNA Damage by
Green Tea Is Mediated through Nucleotide
Excision Repair (NER) Mechanism

The next important question arises as to how the UVB-induced DNA damage
was repaired by IL-12 in EGCG-treated mice. To elucidate the DNA repair
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mechanism by EGCG in UV-exposed skin, Meeran et al. [94] used the
fibroblasts from the patients suffering from xeroderma pigmentosum com
plementation group A (XPA-deficient) and from normal healthy persons. A
distinct property of IL-12 was utilized in these studies. IL-12 has been
shown to have the ability to repair UVB-induced CPDs in healthy cells but
not in cells from patients suffering from XPA disease [86,90,94]. The XPA
gene is an essential component of nucleotide excision repair (NER), thus,
cells with a mutated XPA gene completely lack functional NER. To exam
ine whether the NER mechanism is required for the EGCG-induced IL-12
mediated repair of UVB-induced CPDs, NER-deficient fibroblasts from
XPA patients and NER-proficient fibroblasts from healthy persons were
exposed to UVB with or without prior treatment with EGCG. When the
cells were analyzed for CPDs immediately after UVB exposure, no differ
ences were observed in the cells treated with or without EGCG in terms of
the number of CPD-positive cells. This finding implies that EGCG does
not prevent immediate formation of CPDs after UVB exposure and
excludes a UVB radiation filtering effect. However, when the cells were
analyzed after 24 hours of UVB irradiation, the numbers of CPD-positive
cells were significantly decreased in the NER-proficient cells but did not
significantly remove or repair CPDs in NER-deficient cells from XPA
patients, suggesting that EGCG might accelerate the repair of UVB
induced CPDs through the NER mechanism. Some studies have reported
that UVB-caused DNA damage can be reduced by the application of exog
enous DNA-repair enzymes. The bacterial DNA-repair enzyme T4 endo
nuclease V (T4N5) can be delivered into cells by liposomes [96]. Topically
applied T4N5 liposomes increase the removal of CPDs and reduce the
incidence of skin cancer [97,98]. Inaccordance with the accelerated removal
of DNA lesions by T4N5, sunburn cell formation is also reduced [99]. In
contrast to the external application of DNA-repair enzymes, the studies
from Meeran et al. [94] indicate that EGCG affects the cell's own NER
system through the endogenous stimulation of IL-12.

24.12 Stimulation of CytotoxicT Cells (CD8+)
in Skin Tumors

To explore further the chemopreventive mechanisms of green tea against
photocarcinogenesis, other molecular targets were also investigated.
IL-12 has been shown to stimulate the production of IFNy and stimulate
the development of cytotoxic T cells (e.g., CD8+T cells), which are tumori
cidal in nature and thus may result in inhibition or regression of the tumors.
Mantena et al. [55] have reported that administration of GTPs in drinking
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water inhibits photocarcinogenesis in mice, and this chemopreventive
activity of GTPs is mediated, at least in part, through the recruitment of
cytotoxic T cells in the tumor microenvironment. This study indicates
another major pathway by which GTPs can inhibit skin tumor growth in
UV-exposed skin. CD8+ T cells are the effector cells in the cytotoxic
response of the host to UV-induced skin tumor cells; they play an impor
tant role in the protection against tumor immunity, at least for skin tumors
induced by chronic UV irradiation [100]. The ability of oral administration
of GTPs to enhance the infiltration or recruitment of CD8+ T cells in the
tumor microenvironment may act to enhance the immunosurveillance that
is mediated by these cells, thereby decreasing the growth as well as
incidence of tumors. Similar observations were noted when mice were
topically treated with EGCG in hydrophilic formulation and subjected to a
photocarcinogenesis protocol [101]. However, the chemopreventive effect
of EGCG applied topically was greater than GTPs given in drinking water.
Presumably, this difference may be due to the higher concentration of
EGCG available in the skin with topical application compared with the
administration of GTPs in drinking water. However, the chemopreventive
effect of orally administered GTPs in mice was substantial. It can be as
important as EGCG because GTPs are affordable, less costly than pure
EGCG, and easily obtained from green tea beverages.

24.13 Inhibition of Angiogenesis in Skin Tumors

Inhibition of tumor angiogenesis is an important mechanism by which
tumor growth can be inhibited or regressed by chemopreventive agents.
Tumor angiogenesis is the proliferation of a network of blood vessels that
penetrates into cancerous growths, and which supply extra nutrients and
oxygen for the developing tumors. It has been identified that angiogenic
factors, such as matrix metalloproteinases (MMP) and vascular endothe
lial growth factors (VEGF), are important regulators of tumor growth, both
at the primary tumor site and at distant metastasis [102,103]. Hence, MMP
and their regulatory pathways are considered promising targets for anti
cancer drugs or chemopreventive agents. In an effort to define the possible
mechanism of inhibition of tumor growth in the photocarcinogenesis
model by GTPs, Mantena et al. [55] reported that administration of GTPs
in drinking water inhibits the protein expression as well as the activity of
both MMP-2 and MMP-9 in tumors compared to those mice that were not
given GTPs in drinking water. The inhibition of MMPs was accompanied
by elevated expression of their natural inhibitor, TIMP 1.The administration
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of GTPs also inhibited the expression of vascular endothelial cell antigens,
such as CD31 and VEGF, in the UVB-induced tumors (Fig. 24.4). The
increased expression of these proteins play an important role in tumor
growth, invasion, and metastasis due to their promotion of the new vascula
ture formation that supports the growth of the tumor. Thus, administration of
GTPs in drinking water has a significant antiangiogenic effect and has the
potential to reduce the growth, or cause regression, of the tumors through
this mechanism. Similar effects were also observed when SKH-l hairless
mice were topically treated with EGCG [101]. Garbisa et al. [104] have
reported that green tea inhibits the tumor invasion potential of cancer cells.

24.14 UV-Induced Immune Suppression in Humans

The majority of information on UV-induced immune suppression is derived
from studies of experimental animal models. There is, however, evidence
that UV radiation also suppresses the generation of contact hypersen
sitivity response to contact allergens in humans. In humans, the induction
of delayed-type hypersensitivity [105,106] and contact hypersensitiv
ity [105,107] is suppressed after a single, or short-term, exposure to UV
radiation. In addition, immunosuppressive cytokines, such as IL-IO, are
produced in human skin in response to UV exposure, although the identity
of the cell that releases IL-l 0 may be different in humans and mice [108].
Exposure of human skin to UV radiation suppresses human antigen
presenting cell function, with the doses of UV irradiation that induce
immune suppression in humans and mice being comparable [105]. Many
of the mechanisms involved in UV-induced immune suppression in humans
are similar to those described in experimental animals. UV-induced DNA
damage triggers immunoregulatory cytokine production and triggers
immune suppression. Wolf et al. [109] observed that exposure of human
skin to solar simulated light resulted in the upregulation of IL-IO and
TNF-a in the epidermis. Application ofT4N5-containing liposomes to the
skin of UV-irradiated individuals immediately after UV exposure inhibits
cytokine production, and Stege et al. [89] found that repair of CPOs in
human skin using photolyase prevented UV-induced suppression of the
contact hypersensitivity response. Moreover, sensitivity to sunburn appears
to be associated with susceptibility to UV radiation-induced suppression
of cutaneous cell-mediated immunity in humans [107]. Therefore, it is
suggested that the regular use of chemopreventive agents, such as green
tea polyphenols, might be useful for the prevention of UV-induced immu
nosuppression in humans.
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24.15 Role of IL-12 in Human Cutaneous
Malignancies: Outcome of Clinical Trials

IL-12 is recognized as a master regulator of adaptive type 1, cell-mediated
immunity, the critical pathway involved in protection against neoplasia.
This is supported by the analysis of numerous animal [110, Ill] and human
clinical studies that attribute improved clinical outcomes [112] and mech
anisms of IL-12-based therapy [113] to strong type 1 responses in situ. The
present overview of literature suggests that IL-12 deficiency enhances
immune suppression, reduces UVB-induced damaged-DNA repair ability,
and enhances tumor cell proliferation in mice, which leads to an enhanced
risk of photocarcinogenesis. To examine the potent chemotherapeutic
effect of IL-12 against cutaneous malignancies in humans, some clinical
trials have been conducted. In the human melanoma model, treatment with
DNA coding for IL-12 induced regression of tumors in all cases, with com
plete disappearance of the tumor in two out of five animals. An antivascular
effect of IL-12 treatment was evident on histological examination, with
endothelial thickening and abrupt changes in vessel diameters [114]. This
study suggests that intratumoral plasmid DNA coding for IL-12 holds
some promise as a new therapeutic tool for accessible melanoma lesions
and should be tested in clinical trial. Rook et al. [115] conducted a phase
I dose escalation trial with recombinant human IL-12 (rhIL-12), where
patients suffering from cutaneous T-cell lymphoma were given rh1L-12
twice weekly subcutaneously or intralesionally for up to 24 weeks. It was
observed that subcutaneous dosing resulted in complete responses in two
of five plaques and partial responses in two of five plaques, and one of two
Sezary syndrome patients. Intralesional dosing resulted in individual
tumor regression in two of two patients. Adverse effects of rh1L-12 on this
regimen were minor and limited and included low-grade fever and headache.
The results from this phase I trial suggest that rh1L-12 augments antitumor
cytotoxic T-cell responses and may represent a potent and well-tolerated
therapeutic agent for cutaneous T-cell lymphoma. Further phase I and
phase II trials conducted by the same group with rh1L-12 against cytotoxic
T-cell lymphoma revealed an overall response rate approaching 50%.
These results suggest that rh1L-12 induces lesion regression by augmenting
antitumor cytotoxic T cell response [116]. Another clinical trial was
conducted in melanoma patients. In this study rh1L-12 was administered
subcutaneously and intravenously. IL-12 therapy was well tolerated. Clinical
responses included a complete response in a subject with small-volume
subcutaneous disease and a partial response in a subject with hepatic
metastases. The efficacy of IL-12 was also tested in patients with malignant
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melanoma. In this study, the plasmid DNA encoding human IL-12 was
injected into lesions of nine patients. The therapy was well tolerated. Three
of nine patients experienced a clinical response: two stable diseases and
one complete remission [117]. All patients but one experienced a transient
response at the intratumoral injection site. These results show that intratu
moral injection of DNA encoding IL-12 produced some beneficial clinical
effect. Further clinical studies could be developed by exploiting the anti
angiogenic program promoted by IL-12 in lymphocytes and neoplastic
cells. To this end, IL-12-based therapy might be combined with other anti
angiogenic chemopreventive agents that also stimulate endogenous IL-12
production in mouse models, such as green tea polyphenols [59,73,81],
grapeseed proanthocyanidins [118], and silymarin from milk thistle [119].
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25.1 An Overview of Silibinin

25.1.1 Silibinin Source, Distribution, and Properties

Silibinin (Fig. 25.1), a flavolignan, is one of the active ingredients of milk
thistle extract, which is rich in a complex mixture of flavonoids such as
silydianin, silychristin, isosilybin, and dehydrosilybin [I]. The milk thistle
plant (Silybum marianum L.), belonging to family Compositae, is native to
Europe and Asia, but it has been naturalized in North and South America.
Today, this plant is cultivated in Europe, China, and Argentina for com
mercial preparation of milk thistle extract [2]. Fruits and seeds of this plant
are the major source for silibinin, or milk thistle extract in general. Recent
research has revealed that silibinin (also often referred to as silybin) is
actually a mixture of two diastereomers, silybin A and silybin B, present
in equal proportion [3]. It constitutes 40% of the total flavonolignans
present in silymarin, an active extract of milk thistle. Silibinin exhibits
antioxidant properties and is a scavenger of hydroxyl radicals [4,5]. It
inhibits lipid peroxidation by acting as a chain-breaking antioxidant [6,7].
Silibinin partitions into the hydrophobic region of the membranes to
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Figure 25.1 Chemical structure of silibinin.
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some extent; however, it does not change the biophysical properties of
phospholipid bilayers [8]. Silibinin possesses strong antibacterial activity,
with selective potency against gram-positive bacteria, where it inhibits
both RNA and DNA synthesis. The overall potency of silibinin is more
than silymarin [9]. Multidrug resistance through overexpression of multi
drug resistance transporters, such as P-glycoprotein (P-gp, ABCB I) and
multidrug resistance associated protein (MRP I, ABCC I), is often the
cause of failure of chemotherapy of various cancers. It has been shown
that silibinin strongly inhibits the efflux of BCPCF (2', 7'-bis-[3-carboxy
propyl]-5-[and-6]-carboxyfluorescein), used as a fluorescent probe to
measure MRPI activity, from erythrocytes [10].

25.1.2 Traditional Use of Silibinin in Human Health

Silibinin, in the form of milk thistle extract, has been used traditionally
to treat various human liver conditions for centuries as an herbal medica
tion. Ancient herbalists and physicians have described milk thistle as a
plant with hepatoprotective effects due to its excellent capacity in carry
ing off the bile, as well as in removing obstructions of the liver and
spleen [II]. Today, it is sold throughout Europe as well as in the United
States for "wellness of the liver." In recent years, silibinin and silymarin
have been used for the treatment of liver conditions such as cirrhosis,
chronic hepatitis, alcoholic liver disease, and liver toxicity due to envi
ronmental toxins [121. Use of milk thistle extract in the treatment of
liver conditions is more traditional; however, in recent years, its hepato
protective activity has been supported by numerous studies conducted in
experimental models of various liver conditions [13]. Protective effects
against toxicity associated with various chemicals, drugs, and natural tox
ins such as carbon tetrachloride, cyclosporin, acetaminophen, ethanol,
microcystin-LR, and Amanita phylloides have been shown under experi
mental conditions [14-17]. Other studies have shown the beneficial effects
of silibinin and/or silymarin in conditions such as alcoholic liver disease,
T-cell-dependent hepatitis, experimental models of choleostasis, diet
induced hypercholesterolemia, cisplatin-induced nephrotoxicity, athero
sclerosis, colitis, etc. [7,13,18-21]. The beneficial effects of silibinin in
these conditions have been attributed either to its antioxidant capacity
(because it prevents oxidation of LDL for its antiatherosclerotic effects), or
to its immunomodulatory, antiinflammatory (selectively inhibits leuko
triene production by Kupffer cells), or antifibrolytic capacity [7,13,18-21].
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A recent study has shown that silybin-vitamin E-phospholipid complex
improves insulin resistance and liver damage in patients with nonalcoholic
fatty liver disease [22].

25.1.3 Cancer Chemopreventive Efficacy of Silibinin

In the past two decades, in addition to hepatoprotective effects, anticancer
efficacy of silibinin has been demonstrated in numerous studies conducted
in cell culture and animal models of cancer of varying phenotypes. Silibinin
has been shown to inhibit the proliferation of human colon cancer cells via
the inhibition of cell cycle progression by modulating the levels of cyclins
and cyclin-dependent kinases [23,24]. Various in vitro and in vivo studies
have also demonstrated the anticancer efficacy of silibinin against human
prostate carcinoma cells [25-27]. Silibinin has been shown to downregu
late PSA secretion as well as to inhibit telomerase activity in human pros
tate carcinoma LNCaP cells, thereby exerting its anticancer effects [28,29].
Silibinin has also been reported to inhibit the growth and progression of
lung carcinogenesis [30]. Further, synergistic anticancer effects of silibi
nin have been observed with conventional chemotherapeutic drugs such as
doxorubicin, cisplatin, and carboplatin against human breast carcinoma
cells [31]. However, there are conflicting reports for the cancer preventive
efficacy of silymarin and silibinin against mammary carcinogenesis [32-34].
Silymarin was reported to enhance l-methyl-I-nitrosourea (MNU)-induced
mammary carcinogenesis as well as to increase the mammary tumor inci
dences in MMTV-neu/HER2 transgenic mice [32]. On the contrary, silibinin
treatment was shown to strongly inhibit development of mammary tumors
as well as lung metastasis in HER-2/neu transgenic mice [34]. In contrast,
another study reported that silibinin treatment has no effect on breast
cancer development in the C3(l) SV40 T, t antigen transgenic multiple
mammary adenocarcinoma (T Ag) mouse [33]. These differences could be
related to differences in the models used in these studies as well as to the
fact that silymarin has other flavonolignans in addition to silibinin, which
might possess weak estrogenic activity. In the case of gliomas, silibinin
has been reported to sensitize tumor necrosis factor-related apoptosis
inducing ligand (TRAIL)-resistant glioma cells to TRAIL-mediated apop
tosis [35]. Anticancer effects of silibinin were also observed in renal cell
carcinoma, where oral administration of silibinin was found to suppress
the growth of local and metastatic tumors in the xenograft model of renal
cell carcinoma by increasing the plasma levels of IGFBP-3, a binding pro
tein for insulinlike growth factor 1 (lGF-l) [36]. Silibinin has also been
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reported to exert antimetastatic effects through inhibition of urokinase
plasminogen activator and matrix metalloproteinase-9 and -2 expression
involved in invasion and metastasis of cancerous cells [37,38]. In addition,
silibinin has been shown to inhibit the invasion and motility of oral cancer
cells [39]. Lastly, silibinin exerts protective effects against UV- and
chemical carcinogen/tumor promoter-induced skin carcinogenesis through
multiple mechanisms detailed in the following sections.

25.2 Silibinin and Skin Cancer

25.2.1 Skin Cancer Incidence and Etiological Factors

According to the estimates of the American Cancer Society, there will be
62,480 new cases of melanoma diagnosed in the United States in 2007, and
8,420 deaths may occur due to this cancer [40]. In the case of nonmelanoma
skin cancers, including basal cell carcinoma and squamous cell carcinoma
(SCC), it is estimated that around one million new cases will be diagnosed
during the current year [40]. One of the major risk factors for skin cancer
is ultraviolet (UV) radiation from sunlight, though exposure to various
chemical pollutants and viral infections also contributes to skin cancer
incidence [40,41]. Solar radiation represents the spectrum of electromag
netic radiation with wavelengths ranging from UV (200--400 nm), visible
(400-700 nm), and infrared (700 nm-l mm). In the case of skin cancer,
exposure to the UV range of solar radiation is the major etiological factor.
UV light in itself can be divided into three ranges: UVC (200-280 nm),
UVB (280-315 nm), and UVA (315-400 nm). All three ranges of UV are
capable of causing skin damage, though UVC is efficiently blocked in the
outer ozone layer of the atmosphere [42]. However, UVB and UVA reach
the earth's surface and thus cause damage to skin. Overall, exposure to solar
UV radiation, irrespective of UVA and/or UVB, increases the risk of devel
oping skin cancer or accelerates skin aging [41].

As mentioned above, skin cancer is broadly classified into two types:
nonmelanoma and melanoma skin cancers. Most of the skin cancers fall
into the former category, whereas in the latter case, there is an involvement
of melanocytes only, a type of skin cell that is responsible for giving pig
mentation/color to the skin. Depending upon the type of cells involved,
nonmelanoma skin cancers are further classified into two types: basal
cell and squamous cell carcinomas. Nonmelanoma skin cancers rarely
spread to other parts of the body; however, melanoma skin cancers can
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spread/metastasize to other parts of the body. Actinic keratoses, as a result
of chronic sunlight exposure, can also develop into nonmelanoma skin
cancer, specifically SCC [43]. Apart from these, certain viral warts and
Bowen's disease can develop into SCC, whereas clinical atypical moles
can be precursors for melanoma [44]. Most of the mortality is due to mela
noma skin cancer because of its ability to metastasize, whereas more than
90% of the cases of nonmelanoma skin cancer can be cured [45].

In today's world, with a depleting ozone level as a consequence of
increased use of chlorofluorocarbons and other ozone-depleting sub
stances, exposure to the UV range of sunlight has become a leading risk
factor for developing skin cancer. DNA damage and generation of reac
tive oxygen species are the two key events involved in pathogenesis of
UV-induced skin cancer, though to some extent immunosuppression
due to UV exposure and other factors is also involved in skin cancer
etiology [46]. For reactive oxygen species generation, the electromag
netic energy of UV light is absorbed by chromophores in the skin such
as DNA, porphyrins, urocanic acid, and aromatic amino acids. These
chromophores, after absorbing energy, become energized and react with
oxygen molecules present in the intracellular milieu, and thus initiate
the formation of reactive oxygen species [47]. In UV-induced DNA
damage, cyclobutane pyrimidine dimers (CPDs) and 6-4 photoproducts
(6-4 pp) are formed in the DNA strands upon exposure to UV, and these
modifications in DNA lead to mutations [48,49]. As far as mutagenic
potential is concerned, CPDs are far more mutagenic than 6-4 pps,
because the latter are more efficiently repaired [49,50]. Both these pho
toproducts usually occur in runs of tandem pyrimidine residues often
termed as "hot spots" for UV-induced mutations [49,50]. These muta
tions, such as C~T and CC~TT in response to UV exposure, are also
usually referred to as UV-signature mutations [50]. However, within the
skin, there exists a system of nucleotide excision repair (NER), which
can normally take care of most of these deleterious mutations. There
are two NER pathways: global genome repair, which repairs DNA
lesions throughout the genome, and transcription coupled repair, which
preferentially repairs UV-induced CPDs in the transcribing strand of
DNA [51]. Consequently, human patients with the rare hereditary disor
der Xenoderma pigmentosum have increased risk of developing skin can
cers, and demonstrate increased sensitivity to sunlight due to a deficiency
in the nucleotide excision repair. The other two hereditary human dis
eases associated with defective NER are Cockayne's disease, where
patients exhibits hypersensitivity to cytotoxic as well as mutagenic
effects of UV, and trichothiodystrophy, where human subjects have a
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defect in transcription coupled repair [46]. In addition, there also exists
a base-excision repair system to repair the damage to DNA by reactive
oxygen species such as 8-oxoguanine [52].

Regarding the susceptibility of developing cancer apart from the heredi
tary disorders listed above, findings of a recent study have shown a
direct correlation between sunlight exposure, eye color, red hair, and
frequency and age of getting sunburns to the development of basal cell
carcinoma [53]. For preventing the development of skin cancer, efforts
have been made to educate the population to minimize exposure to sun
light especially during midday hours, wear protective clothing when
outdoors, and use sunscreens abundantly.

25.2.2 Chemopreventive Agents in Skin Health

Although the above-listed measures are strongly recommended to prevent
photoaging and skin cancer, these measures often are inadequate because
of limited compliance. Another effective alternate is the use of chemopre
vention strategy, where prevention of skin cancer and other skin conditions
is sought by the use of various pharmacological agents to either inhibit or
reverse this process. These agents can be either of natural origin or syn
thetic in nature, and include vitamins, dietary factors/natural agents, nonste
riodal anti-inflammatory drugs, and other topical agents. Chemopreventive
efficacy of these agents has been proven in various cell culture and preclini
cal animal models, and a few agents such as green tea polyphenols, cur
cumin, oral vitamin A, and difluoromethylornithine have reached the
clinical trial stage in humans [54-57]. Here, we have briefly summarized a
few of the most relevant studies conducted with natural agents in various
models. In the ornithine decarboxylase/Ras double transgenic mouse model,
where mice spontaneously develop skin tumors, administration of the green
tea polyphenol (-)-epigallocatechin-3-gallate (EGCG) through drinking
water significantly decreased tumor number as well as tumor burden [58].
It was observed that elevated levels of polyamines in tumor tissues as well
as transformed cells sensitized them to EGCG-induced apoptosis as com
pared to normal cells/tissues [58]. EGCG has also been shown to inhibit
photocarcinogenesis by inhibiting angiogenic factors (CD3l and VEGF,
vascular endothelial growth factor) and inducing antitumor CD8+ T cells in
skin tumors [59]. Antitumor-promoting activity of procyanidin B5-3'
gallate isolated from grapeseed extract was observed in 7, l2-dimethylbenz(a)
anthracene (DMBA)-initiated and 12-0-tetradecanoylphorbol l3-acetate
(TPA) promoted a SENCAR mouse skin two-stage carcinogenesis model
in terms of reduction in tumor incidence, multiplicity, and volume [60].
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Sandalwood oil, traditionally used for the treatment of inflammatory and
eruptive skin diseases, and its active constituent alpha-santalol, inhibited
the skin tumor development and also exhibited anticancer efficacy against
human epidermoid carcinoma A431 cell line [61-64]. Dwivedi and cowork
ers also found that pomegranate seed oil significantly decreases tumor inci
dence and multiplicity in the DMBA-initiated and TPA-promoted
CD I mouse skin tumor model [65]. These studies strongly suggest that
phytochemicals play an important role in skin health and chemoprevention
of skin cancer. Next, we elaborately discuss the important role for silibinin
in managing skin health along with chemoprevention of skin cancer.

25.2.3 Silibinin and Skin Carcinogenesis Models

The SKH-l hairless mouse serves as an excellent model to conduct skin
photocarcinogenesis studies because it closely mimics an erythema
edema response, as seen in human skin exposed to UV light; the skin
tumors developed in these mice are histologically similar to those seen in
humans. The development of tumors in these mice depends on the dose,
time, and wavelength of the UV radiation employed and has been well
characterized [66]. Although haired mice after shaving could be poten
tially used for conducting such studies, these mice develop fibrosarcomas
and tumors on eyes upon chronic exposure to UV [67]. Therefore, the
SKH-I hairless mouse is the most preferred model to study photocar
cinogenesis. Our studies have clearly shown that silibinin treatment
strongly inhibits UVB-induced photocarcinogenesis in SKH-I hairless
mice [68-74]. We observed that either topical application (pre-/post-UVB
exposure) or dietary feeding of silibinin in SKH-I hairless mice affords
strong protection against photocarcinogenesis via inhibitory effects on
DNA synthesis, cell cycle progression, and induction of apoptosis [72]. In
another study, silibinin was found to inhibit UV-induced sunburn cell for
mation when applied topically pre- or post-UV exposure, thereby sug
gesting that mechanisms other than sunscreen effect might be involved in
its protective effects [73]. At a clinically relevant UV dose, topical or
dietary feeding of silibinin delayed the appearance of tumors and inhib
ited tumor multiplicity as well as tumor volume [71].

Another well-characterized in vivo model to study skin carcinogenesis is
multistage chemical-induced carcinogenesis in mouse. In this model, ani
mals are topically exposed on the dorsal side with a single subthreshold
dose of a chemical carcinogen, such as DMBA, for tumor initiation. This
is followed by repetitive application of a tumor promoter such as TPA.



25: SILIBININ IN SKIN HEALTH, KAUR ET AL. 509

Benign squamous papillomas generally develop within 10 weeks, and
most of these papillomas contain Ha-ras mutations [75]. A small percentage
of these papillomas eventually develop to malignant SCCs [75]. Our
studies have clearly shown that silymarin has strong antitumor effect in
chemical-induced skin carcinogenesis [76-78]. Silymarin treatment was
reported to retard the DMBA-initiated and TPA-, benzoyl peroxide-, or
okadaic acid-promoted skin carcinogenesis in SENCAR mice [76-79].

The JB6 mouse epidermal cell model is another important in vitro model
to study skin carcinogenesis. This cell line is selectively sensitive to second
stage tumor promoters, thus is an excellent model to study tumor promo
tion in the two-stage process. As described by Colburn et aI., JB6 cells
serve as an excellent in vitro model to study tumor promotion as well as
progression because this cell line is available in two variant forms: tumor
promoter sensitive and an insensitive cell line. In this cell line, preneoplastic
cells formed in response to promoters continue to exhibit anchorage
dependence and are nontumorigenic even after repeated subculturing [80].
However, irreversible anchorage independence as well as tumorigenesis
can also be achieved by exposure to promoters, and finally they can also be
selected for promoter resistance. In the case of studies employing pro
moter sensitive JB6 cell system, our group found that silibinin prevents
tumor promotion by inhibiting UVB- and epidermal growth factor
induced mitogenic and cell survival signaling involving both AP-I and
NF-KB [81].

The other two cell culture models that are extensively used in skin chemo
prevention mechanistic studies are: A431, a human epidermoid carcinoma
cell line, and human immortalized keratinocyte HaCaT cell line. Both
these models (i.e., A431 and HaCaT cells) have been extensively used to
evaluate the effect of silibinin on UV-induced damages [74,82]. These
aspects will be dealt with in detail later in this chapter.

25.3 Mechanisms of Silibinin Action

25.3.1 Anti-Inflammatory Action of Silibinin

Inflammation is a critical component of tumor progression in skin carcino
genesis. Chronic inflammation has been shown to trigger various pro
oncogenic events, which include the release of cytokines, growth factors,
chemotactic polypeptides, and prostaglandins, and these factors plays an
important role in chemical- or UV-induced skin carcinogenesis [83].
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Various studies focusing on the mediators of inflammation in cutaneous
carcinogenic pathways have revealed the key roles for prostaglandins,
cycloxygenase-2, tumor necrosis factor-a (TNF-I), AP-I, nuclear factor-kB
(NF-KB), signal transducer and activator of transcription (STAT3), and
others [83]. Further, several clinical conditions associated with inflamma
tion appear to predispose the patient to increased susceptibility for skin
cancer [83]. Therefore, phytochemicals that can target inflammation and
associated molecular events could be promising in terms of skin protection
from various damaging agents. Various studies have shown the strong
anti-inflammatory action of silibinin.

Increased metabolism of arachidonic acid via lipoxygenase and cycloox
ygenase (COX) pathways into hydroxyeicosatetraenoic acid and prosta
glandin metabolites has been related with skin inflammation and tumor
promotion [77]. Silymarin treatment has been reported to strongly inhibit
the tumor promoter-induced arachidonic acid metabolism, accompanied
by inhibition of lipoxygenase and cyclooxygnease activities in mouse
skin [77]. Recently, we reported that chronic exposure to a physiological
dose of UVB (30 ml/crrr') strongly increased the COX2 levels in the skin
and skin tumors. Pre- or post-topical treatment or dietary feeding of sili
binin was reported to strongly inhibit UV-induced COX2 levels [71].

Skin inflammation caused by UV radiation and chemical promoters is also
marked by infiltration and accumulation of neutrophils. Silymarin treatment
was shown to inhibit the tumor promoter-induced myeloperoxidase activity
(MPO, marker for neutrophils) [77]. Silymarin was also shown to inhibit the
tumor promoter-induced edema and increased levels of inflammatory cyto
kines TNFa and IL-I in mouse epidermis [77]. There are numerous reports
suggesting the critical role of iNOS (inducible nitric oxide synthase) and its
product NO (nitric oxide) in the induction of inflammation [84]. Pre- or
post-topical treatment or dietary feeding of silibinin has been shown to
strongly inhibit the UV-induced iNOS expression [71]. Silymarin has also
been shown to significantly inhibit the expression of iNOS as well as pro
duction of NO in UV-treated skin [85].

Various transcriptional factors (API, NF-KB, STATs, etc.) are involved
in regulating the expression of various inflammatory cytokines [83].
Silibinin treatment was reported to strongly inhibit the UVB-induced
activation of STAT3 and NF-KB in skin and skin tumors in SKH-I hair
less mice [71]. Further, silibinin treatment has also been shown to inhibit
the activation of AP I [81]. These studies suggest that silibinin targets
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Figure25.2 Proposed model for silibinin action against UVB-induced
skin damage and carcinogenesis.

the production of inflammatory cytokines via inhibiting the activation
of these transcription factors. Overall, these studies suggest a strong
anti-inflammatory action of silibinin, which might be responsible for its
skin-protective actions (Fig. 25.2).

25.3.2 Antiproliferative Action of Silibinin

Unlimited replicative potential is the essential characteristic of cancer cells.
The basic principle of cancer chemotherapy or intervention is to inhibit the
rate of cancer cell multiplication. Though most of the chemotherapeutic
drugs have limitations of also affecting the normal cells adversely, cancer
chemopreventive phytochemical silibinin has been shown to be selective
in action and kills primarily transformed or malignant cells [72]. As dis
cussed earlier, silibinin treatment inhibits the growth and progression of
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carcinogenesis in various chemical and photocarcinogenesis models. These
anticancer effects of silibinin have been correlated with its strong antipro
liferative action. In uninvolved skin/normal skin, UVB (180 ml/crrr')
irradiation for 25 weeks was shown to increase bromodeoxyuridine incor
poration (marker for S-phase proliferating cells), which was inhibited
strongly by dietary or topical application (pre- or post-UV) of silibinin [72].
Silibinin treatment was also reported to inhibit the UV-induced PCNA
expression (marker for cell proliferation) in uninvolved skin and skin
tumors, though it did not have any effect on these proliferation markers in
unirradiated skin [72]. In vitro studies have also shown the antiproliferative
efficacy of silibinin. It was shown that silibinin treatment inhibits the growth
of human epidermoid carcinoma A431 cells [86]. These results were bio
logically significant because the growth-inhibitory effect of silibinin was
at physiologically achievable doses [86].

A deregulated cell cyele has been considered as a hallmark of cancer cells
and is one of the reasons for their unlimited replicative potential [87]. Cell
cyele regulation involves various factors, namely: cyelins, cyelin-dependent
kinases (CDKs), cyelin-dependent kinase inhibitors (CDKIs), and cell divi
sion cyele 25 (Cdc25) phosphatases. G l-S transition in the cell cyele is
regulated by CDK4 and CDK6 (in association with D-type cyelins) and
CDK2 (in association with cyelin E and cyclin A) [27]. The G2M transition
in the cell cyele is positively regulated by Cdc2 kinase in association with
cyelin B [27]. These activated CDKs phosphorylate the retinoblastoma
family of proteins to release E2F transcription factors, which then regulate
the expression of various genes required for cell cyele transition [27]. How
ever, CDKIs (KipIlp27, CipIlp21, and INK4 family) are known to regulate
the activity of CDKs [27]. Cdc25 phosphatases also regulate the cell
cyele transition by removing the inhibitory phosphorylation present on
CDKs [27]. Chronic exposure to UV radiation has been shown to alter the
expression of key cell cyele regulatory molecules: cyelins, CDKs, and
CDKIs [70,72]. Silibinin treatment was reported to inhibit the UV-induced
expression of Cdk2, Cdk4, cyelin A, cyelin E, and cyelin D I in SKH I hair
less mice [72]. Similarly, silibinin treatment decreased the UV-induced
expression of Cdc25c, Cdc2, and cyelin B I [70], but upregulated the
expression of CDK inhibitors (p21 and p27) [72]. P53 is a tumor sup
pressor gene and is known to regulate various cell cyele regulatory mole
cules [88]. It is known to activate in response to stress and it stalls the cell
cyele machinery via upregulating p21 [88]. In this regard, silibinin treat
ment was shown to further increase the UV-induced p53-positive cells in
skin and skin tumors [69,72,73]. Similarly, silibinin also enhanced the UV
induced increase in the p21 positive cells in skin and skin tumors [69,73].
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Also, in in vitro studies we observed that UY exposure (l00 ml/crrr')
resulted in S-phase arrest and silibinin pretreatment shifted it to G 1 or
G2M arrest in JB6 cells [89]. All these studies suggest that the antiprolif
erative action of silibinin could be due to its modulatory influence on cell
cycle regulatory molecules, resulting in cell cycle arrest (Fig. 25.2).

25.3.3 Pro- or Antiapoptotic Action of Silibinin

Apoptosis refers to programmed cell death and is initiated by various
intrinsic and extrinsic signals. Apoptosis is regulated by many players,
including bcl2 family members, caspases, survivin, and p53. DNA is the
primary target of UYB-induced damage, causing either apoptotic death of
damaged cells or fixation of mutations in various genes. Generally, lower
doses of UYB cause DNA mutation, leading to tumor initiation, whereas
higher doses result in irreparable DNA damage, causing apoptosis (sunburn)
and eventually leads to cell elimination. Silibinin has been shown to have
dual action against UY-induced photodamage. Silibinin protects normal
human skin keratinocytes from sunburn or apoptosis when the damage is
moderate, but silibinin acts differently, causing cell death when the UYB
damage is severe (Fig. 25.2). In this regard, silibinin treatment was reported
to further increase the apoptosis induced by UYB alone (180 ml/cnr' for
25 weeks) in skin tumors and uninvolved skin in SKH 1 hairless mice [72].
Caspases are known as executors of apoptosis, and silibinin treatment was
shown to increase the activation of caspase 3 compared to UYB alone in
uninvolved skin and skin tumors [72]. Survivin is another important nega
tive apoptotic regulator. Though it is absent in most of the normal tissues,
it is highly expressed in cancers, making it a promising target for cancer
therapy. The level of survivin was strongly increased in skin tumors (UYB
generated) and silibinin treatment strongly inhibited the expression levels
of survivin in tumor samples, which might be responsible for the apoptotic
action of silibinin [72]. In another study, silibinin inhibited apoptosis and
sunburn cell formation by UYl80 ml/cnr' exposure (once or for 5 days) in
SKH hairless mice [68].

In vitro studies have also suggested the variable effect of silibinin on
UY-induced apoptosis, depending upon the severity of the damage. Silibinin
treatment was reported to induce apoptotic cell death in human epider
moid carcinoma A431 cells at physiological achievable doses [86]. In
another experiment, silibinin treatment before UYB (5-100 ml/crrr') expo
sure resulted in increased apoptosis, whereas silibinin treatment after UYB
exposure decreased the extent of apoptosis in A431 cells [82]. Silibinin
pretreatment increased the activation of caspases compared to UYB alone,
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whereas post-treatment decreased the activation of caspases. Furthermore,
silibinin treatment prior to or immediately after UVB exposure altered
Bcl2, Bax, Bak, and cytochrome c levels in mitochondria and cytosol in
favor of or against apoptosis, respectively [82]. Similarly, the dual efficacy
of silibinin was also observed in HaCaT human immortalized keratino
cytes, where it strongly prevented the apoptosis induced by lower doses of
UVB (15 and 30 ml/crrr') while it enhanced the apoptosis induced by
higher doses of UVB (120 ml/cnr') [74]. It was suggested that silibinin
protects HaCaT cells from lower doses of UVB-induced apoptosis at least
in part via inhibition of caspase activation, restoration of survivin expres
sion, and upregulation of NF-KB [74]. Silibinin treatment also modulated
the levels, interaction, and translocation of Bcl2 family members to target
intracellular membranes in affording protection against UVB-induced
apoptosis. Additionally, silibinin inhibited the heterodimerization of Bad
with Bcl-xL, compared to UV alone. These studies suggest that at least
part of the protective effect of silibinin against UVB-caused apoptosis
involves the modulation ofBcl2 family members [74]. In another study we
reported that silibinin treatment enhances UVB-induced (100 ml/crrr')
apoptosis via upregulation of DNA-protein-kinase-dependent p53 activa
tion in mouse epithelial JB6 cells [89]. Overall, these in vivo and in vitro
studies reveal the dual efficacy of silibinin in protecting or enhancing
UVB-caused apoptosis, and they also suggest that silibinin works as a
UVB damage sensor to exert its biological action.

25.3.4 Silibinin Modulates Aberrant Mitogenic Signaling

The activation of mitogen-activated protein kinases (MAPKs) by tumor
promoting agents plays a major role in tumor promotion and malignant
transformation [2,41]. For example, the UVB-mediated signaling events
are primarily mediated through MAPKs, including extracellular signal
regulated kinase 112 (ERK1I2), c-jun-Nlf.-kinase 112 (JNK1I2), and p38
kinase. Once activated, these serine/threonine kinases translocate to the
nucleus and phosphorylate target transcription factors, including APi.
Activation of SAPKlJNK and MAPKlp38 has been reported mainly in
response to various stress signals such as UV, heat, and osmotic shock,
which then activates numerous transcription factors involved in induction
of apoptosis and promotion of tumorigenesis [2]. ERK1I2 is also an
important signaling molecule that is upregulated in response to a variety of
stresses and is known to be essential for cell survival. In addition,
ERKII2 has been implicated to mediate cell transformation and tumor
promotion caused by diverse tumor promoters, including UV and
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hydrogen peroxide [2,90]. Other than MAPKs, PI3KJAkt is the other
crucial cell survival and antiapoptotic pathway that has been shown to play
a role in tumor promotion and progression [91]. Both MAPK and Akt
signaling converge at downstream transcription factor API and NF-KB
activation.

We have reported in in vitro studies that silibinin treatment significantly
inhibited ERK 1/2 activation in A431 cells. The inhibition of ERK112
was in part responsible for growth inhibition and death of A431 cells by
silibinin [86]. But silibinin treatment activated the other MAPKs, namely
JNK1/2 and p38, and this was suggested to be associated with increased
apoptosis by silibinin [86]. Similarly, silibinin pre- and post-treatment
inhibited the UY-induced (400 mJ) phosphorylation of ERK1/2 and Akt in
JB6 cells [81]. In another study, pretreatment of silibinin was shown to
increase the ERK1I2 phosphorylation as compared to UYB treatment in
HaCaT cells [74]. Similarly, silibinin treatment was shown to enhance the
UYB-caused phosphorylation and kinase activity of ERK 1/2 and Akt [89].
As mentioned earlier, activation of AP-l and NF-KB transcription factors
plays a critical role in UYB-induced tumor promotion (Fig. 25.2). Increased
activity of these transcription factors is directly linked to the activation of
mitogenic and survival signaling for tumor promotion as well as progres
sion responses. Silibinin treatment inhibited the UY-induced AP-l and
NF-KB activation in JB6 cells [81].

In vivo studies have also shown the variable effect of silibinin on MAPK
signaling. Silibinin treatment was reported to increase the activation of
ERKI/2, JNK1/2, and p38 in skin tumors generated by UYB exposure [72].
In contrast to the findings in tumors, silibinin treatment inhibited the phos
phorylation ofERK1I2, JNK1I2, and p38 in uninvolved skin [72]. Further,
a single UYB exposure (180 ml/crrr) or chronic exposure for 5 days resulted
in ERK 112, JNK 112, MAPKlp38, and Akt phosphorylation in SKH-l mouse
skin, and silibinin treatment strongly inhibited the activation of these
molecules [68]. Similarly, silibinin inhibited the UYB-induced mitogenic
and survival signaling in chronically UYB-exposed skin [70]. Silibinin
treatment inhibited the chronic UV-induced phosphorylation of ERKII2,
JNK1I2, and p38 kinase as well as Akt in both IS-week and 25-week
treatment [70].

These studies suggest that silibinin activates or inhibits MAPKs depending
upon the extent of damage caused by UV and exerts its biological
response accordingly. Overall, the modulation of mitogenic signaling
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could be the important component of silibinin efficacy against UVB-induced
tumorigenesis (Fig. 25.2).

25.3.5 Antiangiogenic Action of Silibinin

Angiogenesis is considered an important mediator of tumor progression.
As a tumor expands, diffusion distance from the existing vascular supply
increases, resulting in hypoxic conditions within the tumor. Therefore, sus
tained expansion of a tumor needs new blood vessel formation to provide
rapidly proliferating tumor cells with an adequate supply of oxygen and
metabolites [92]. Recently, we reported that UV exposure (30 ml/cmvday
for 25 weeks) resulted in increased angiogenesis in the skin and skin
tumors, which was inhibited by silibinin treatment [71]. Si1ibinin treat
ment (pre- or post-topical, or dietary) significantly inhibited the PECAM-1
levels (an endothelial cell marker) in UVB-exposed skin and UVB-induced
skin tumors [71]. But silibinin treatment did not alter the PECAM-1 level
in age-matched unexposed skin. VEGF is a known mitogen for endothelial
cells and is known to promote angiogenesis [93]. In our studies we reported
that clinically relevant doses ofUVB treatment increased the VEGF expres
sion in both skin and skin tumors, whereas silibinin treatment significantly
reduced the VEGF level in both skin and skin tumors [71] (Fig. 25.1).
Hypoxia inducible factor-I ex (HIF-l ex) is a transcriptional factor and is
known to regulate the expression of key angiogenic factors, including
VEGF, and plays a crucial role in pathophysiologic angiogenesis [94].
Our findings showed that silibinin treatment significantly inhibited the
UVB-induced HIF-1ex levels in exposed skin and skin tumors [71]
(Fig. 25.2). These results strongly suggest the strong antiangiogenic
effects of silibinin and might be contributing to its overall efficacy against
photocarcinogenesis (Fig. 25.2).

25.3.6 Silibinin Repairs UV-Induced DNA Damage

As mentioned earlier, the carcinogenic and mutagenic effects of UV
radiation are attributed to the induction of DNA damage and errors in
repair and replication [95,96]. In normal cells there are varieties of mecha
nisms that constantly monitor and repair most of the damage inflicted by
UV light [95,96]. But severe DNA damage could make DNA repair
machinery redundant, and mutations might occur. We have shown that
silibinin treatment strongly inhibits the UVB-induced (180 ml/crrr') thymine
dimer-positive cells in the skin of SKH1 hairless mice [69,73]. These studies
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suggest that silibinin might alleviate the UV-caused DNA damage by
potentiating the DNA repair machinery.

Tumor suppressor gene p53 also plays an important role in DNA damage
response by causing cell cycle arrest, providing additional time for DNA
repair, or by inducing cell death by apoptosis when DNA damages are
too severe to repair [88,97]. Silibinin treatment was shown to further
increase the UV-induced p53-positive cells in the epidermis. Similarly,
silibinin also enhances the UV-induced increase in the p21 positive cells.
These results were accompanied with decreased apoptosis and sunburn
cell formation [69,73]. These studies suggest that silibinin activates p53,
which upregulates the expression of its downstream target p21 and
induces cell cycle arrest, which provides cells with sufficient time for
DNA damage repair.

Various studies have shown that UV exposure of mouse or human skin or
epidermal keratinocytes results in depletion of antioxidant enzymes and
strong oxidative stress [98]. This effect is mediated via generation of vari
ous reactive free radicals, including reactive oxygen species (ROS), which
play an important role in posing an oxidative challenge via targeting cru
cial cellular machinery: lipids, proteins, DNA, etc. [98]. Both silymarin
and silibinin have been shown to possess potent antioxidant potential,
which might be responsible for the protective efficacy of these compounds.
In this regard, silymarin has been shown to provide protection against
BPO-induced depletion of SOD, catalase, and glutathione peroxidase
(GPX) in SENCAR mouse skin [76]. The phase II enzymes glutathione S
transferase (GST) and quinine reductase (QR) are known to play impor
tant roles in detoxification of carcinogens and their metabolites. Silibinin
was shown to increase the activity of GST and QR in various tissues
including skin [99]. Thus, the antioxidant capacity of silibinin could also
indirectly contribute in lessening the extent of DNA damage via decreasing
ROS production or by decreasing oxidative stress.

Transcriptional factor E2FI has been shown to play an important role in
DNA repair and suppression of apoptosis [100]. Silibinin treatment was
shown to upregulate E2Fl in skin chronically exposed to UVB (180 ml/crrr',
2 days/week for 15 weeks and 25 weeks) in SKHI hairless mice. In con
trast, silibinin inhibited the chronic UV-induced expression of E2FI in
skin tumors, suggesting the dual nature of silibinin action in exposed skin
and skin tumors [70]. This study showed that silibinin treatment could
repair the UV-induced damage in skin while it promotes apoptosis in
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tumors. Overall, these studies suggested that silibinin treatment could
protect the skin from photodamage by enhancing the cellular DNA repair
mechanisms (Fig. 25.2).

25.4 Toxicity and Bioavailability of Silibinin

25.4.1 Nontoxic Nature of Silibinin

Because of its widespread use for liver health in the form of milk thistle
extract, toxicity due to silibinin's consumption has never been a serious
issue. This might be the reason for lack of studies/reports about its acute or
chronic toxicity even in preclinical animal models. With the development
of more bioavailable forms such as siliphos, silipide, and legalon, studies
have been conducted in animals and humans to evaluate the health benefi
cial effects. Various traditional toxicological tests have proven the nontoxic
nature of siliphos, and it was reported safe for rats and monkeys at oral
doses up to 2,000 rug/kg/day, after 13-week subacute toxicity studies [101].
In 26-week chronic toxicity studies, oral doses up to 1,000 rug/kg/day
were well tolerated in dogs and rats [101]. In another 26-week oral toxicity
study, rats were fed a daily 2,000 mg/kg dose of siliphos, which is equiva
lent to 160 g daily for a 176-pound (80 kg) human [10 I]. In this study,
body weight, liver weight, and enzyme indicators of liver damage (AST,
ALT) remained within the normal healthy range of the untreated control
rats, confirming the nontoxic nature of this compound [101]. Even in
patients with liver conditions, treatment with 240 mg or 360 mg daily dose
of siliphos for the period of 4 months did not cause any severe adverse
effects except in 5.2% of total patients enrolled in the study, who reported
nausea, heartburn, dyspepsia, or transient headaches [10 I].

In our in vivo studies we have reported that silymarin and silibinin are
well tolerated and have no toxicity in terms of body weight gain, diet
consumption, and animal behavior [99,102, 103]. In our phase I clinical
trials we have reported that 13 g/day of silibinin in the form of phytosome
(siliphos), in three divided doses was well tolerated in patients with
advanced prostate cancer [104]. The asymptomatic liver toxicity at higher
doses was the most commonly seen adverse effect in this study [104].

Studies conducted with silibinin in the form of a new pharmacological
complex (silybin-vitamin E-phospholipids, sold under the trade name as
RealSIL-Bi by Lorenzi Pharmaceuticals, Italy) in patients with nonalcoholic
fatty liver disease with or without hepatitis C virus-related chronic
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hepatitis demonstrated some therapeutic effects, such as improvement in
insulin resistance and hepatic fibrosis, and did not report any adverse
effects [22]. Patients enrolled in this study were treated with 4 pieces/day
of complex, where each piece contained 94 mg of silibinin, 194 mg of
phosphotidylcholine, and 90 mg of vitamin E [22]. In another long term,
12-month, open-controlled study with silymarin in two well-matched
groups of insulin-treated diabetics with alcoholic cirrhosis, administration
of 600 mg silymarin per day along with standard therapy did not show any
toxicity in patients, though it reduced insulin resistance, endogenous insulin
overproduction, and the need for exogenous insulin [105]. Overall, reports
of adverse effects of silibinin or silymarin are rare; however, cases of
nausea, epigastric discomfort, arthralgia, pruritus, headache, urticaria, and
mild laxative effect have been reported [106].

25.4.2 Bioavailability of Silibinin

Silibinin, being insoluble in water, demonstrates low bioavailability.
However, bioavailability of silibinin has been extensively studied in both
animal models (preclinical) as well as, more recently, in humans. Pharrna
cokinetic analysis of silymarin, where silibinin is a major active constituent,
given to healthy volunteers has revealed that these flavonoids are rapidly
metabolized to their conjugates such as glucuronides, and can be detected in
the human plasma [107]. In one of our earliest studies, peak levels of free
silibinin after oral administration of silibinin (50 mglkg dose) to SENCAR
mice were achieved at 0.5 hour postadministration in liver, lung, stomach,
and pancreas, whereas, in the case of skin and prostate, peak levels of sili
binin were achieved I hour postadministration [99]. In another study con
ducted in rats, bioavailability of silibinin (silybin) phospholipid complex
and silybin-N-methylglucamine was studied after oral administration. In
this study, it was observed that the mean plasma concentration time curve for
silybin in both the forms was first order [108]. In another study in humans,
administration of a single dose of silibinin-phosphatidylcholine complex
(Silipide, 80 mg of silibinin) to 12 healthy human volunteers revealed that
free silibinin concentration in plasma reached a peak of 141 ± 32 ng/ml in
2.4 hours postadministration and half-life in plasma was found to be about
2 hours. It was also observed that conjugated silibinin metabolites had slower
elimination as compared to free silibinin rI09].

In recent years, studies have been conducted with different formulations of
silibinin to achieve enhanced bioavailability. In one such study, oral
administration of silibinin, in formulation with phosphatidylcholine
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(Silipide) at the doses of 360 mg, 720 mg, and 1440 mg to colorectal cancer
patients for 7 days did not produce any adverse effects, and dosages used
were termed as safe [110]. At these dosage levels, various metabolites of
silibinin such as silibinin mono- and di-glucuronide, silibinin monosulfate,
and silibinin glucuronide sulfate were detectable in the plasma of the study
subjects [110]. The free levels of silibinin were also achieved in liver and
colorectal tissue [110]. Bioavailability of silybin phospholipid complex
was greater than silybin-N-methylglucamine due to improved lipophilicity
of this complex [108]. Inour phase I clinical trial we reported that the half
life of plasma silibinin was short, ranging from 1.79-4.99 hours and peak
plasma levels of silibinin were in excess of 100/lM [104]. Silibinin was
quickly conjugated and excreted into the urine, with a mean silibinin level
of 6.4 /lM in the urine [104]. From the findings of the above-mentioned
studies, it is clear that bioavailability of silibinin at physiologically relevant
concentrations can be achieved by employing different formulations.

25.5 Conclusions and Future Perspectives

Recent statistics for skin cancer with almost one million new cases to be
diagnosed in a year is a strong indication that more effective measures are
required to control this malignancy than just educating the population to
minimize the exposure to sunlight. In this direction, prevention/intervention
of this malignancy by pharmacological agents of synthetic or natural
origin hold promise. Based on numerous studies, it seems that silibinin can
be effectively used in improving skin health in general, and reduction of
skin cancer risk in particular. More interestingly, silibinin has shown effi
cacy against UV-induced skin damage when applied topically, as well as
when supplemented in the diet in various preclinical models. Thus, it has
a strong potential to be developed as a chemopreventive agent against skin
cancer and photoaging and is already being marketed in improved bio
available forms. Clinical studies conducted with these formulations have
not reported any serious adverse effects, thus giving added advantage to
this agent's being developed as a future cure for skin ailments.
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chemoprotective activity,

403--404
photochemopreventive action,

167,176-177
photoprotective activity,

404--405
Camosic acid and camosol

antimicrobial activity, 404
inhibitors of lipid peroxidation,

403
reduce membrane damage and

lower DNA damage, 404
Carotenoids, 175-176

bioavailability, 188-189
variables influencing, 188

biological activities, 189-191
oxidative stress level, 192
positioning of carotenoids,

192
skin hydration, 190
skin pigmentation, 191
superficial skin lipids, 190

classes, 186, 188
photochemopreventive action,

167, 175-176
preventing UV-induced DNA

damage, 186
protective role, 186-188
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Carotenoids (contd.)
and skin aging, 191-196

skin elasticity, 195
skin hydration, 194
skin lipid peroxidation, 195
superficial skin lipids, 194

structure of, 187
Carotens, 186, 188, 193
Catalase

acute and chronic UV radiation,
250-252

dietary sources, 250
role, 250
skin burn patients, 251

Centella asiatica, 336
Ceramide polymer, 105
Ceramides, 34

barrier function and moisture
maintenance, 320

Chemopreventive agents
curcumin, 166, 172
genistein, 174, 450
green tea, 489
olives and olive oil, 235
resveratrol, 173
selenium, 152-153
silibinin, 504-507
soy, 442
strawberries, 222

Chitin nanofibrils, 105, 106
Citrulline, 291, 294
Citrus unshiu, 377

tyrosinase-inhibiting activity, 378
Coenzyme Q 10' 200-202

accelerates proliferation of
human dermal fibroblasts, 209

antioxidant effects, 207-208
benefits for wrinkles, 203-204
energizing effects, 208
HPLC-ECD for CoQ/CoQH z

quantification, 205

INDEX

increases production of laminin
5,209

increases production of types IV
and VII collagen, 210

inhibits L-DOPA
auto-oxidation, 210

mechanisms of action
absorption and distribution,

205-207
antioxidant effects,

207-208
determination of COQIO'

204-205
energizing effects, 208

oral administration increases
CoQ 10 concentration, 206

roles, 201
structure, 200
supplementation, 201, 208
skin aging, 202
structures of CoQ 10 and

CoQJOHz' 200
Collagen, 105, 271, 292

decrease with age, 68-69
synthesis, promotion of,

295-296
acceleration of growth

hormone secretion, 296
arginine and glycine, 295, 296

Comedone, 386, 397
Contact hypersensitivity (CHS),

480
CoQ 10 Hz (ubiquinol), 200
Corneocytes, 10
Cosmeceuticals, 220
Cranberries, 222
Curcumin, 171-173

pharmacological activities, 172
photochemopreventive action,

166, 172-173
Cutaneous glands, 25
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Damaged connective tissue
mechanical tension, 278-279

Dendrites, 11, 12
Dermal connective tissue

collagen fragmentation and loss
of mechanical tension, 280

elements, 270-272
histological and ultrastructural

features, 272-276
healthy and damaged skin,

275-276
morphometric changes,

272-274
sun-protected skin, 272-273

pathophysiology of skin
damage
cellular and molecular

events, 276-278
damaged connective tissue,

278-281
Destructive alopecias, 25
Dietary bioactives

vitamin C, 119-120
vitamin E, 118-11 9

Dietary soy, effects of
on postmenopausal women

facial skin appearance,
454-455

fingernail appearance, 455,
456

hair appearance, 455-457
improvement in overall skin,

458
on premenopausal women

facial skin appearance, 460
fingernail appearance,

460-461
hair appearance, 461-462

Double-blind clinical study, 103
Dow Coming (USA), 105
Dysfunctional alopecias, 25
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EGCG,477
inhibit photocarcinogenesis,

507
Elastin, 15, 271
Elderberry, 222
Emidesmosomes, 8
Endogenous antioxidants, 246
Endothelioma cells (EOMA),

225
Epidermal cell turnover, 8
Epidermal lipids, 34
Essential amino acids, 288
Exogenous antioxidants, 246. See

also Endogenous antioxidants
Extracellular matrix

components, 319-320

Fibroblasts, 14
Fibronectin, 271
F2 isoprostanes, 239
Food-derived materials improving

skin cell health
plant extracts

enhanced fibroblast
proliferation, 376-377

enhanced skin turnover,
377-378

inhibited skin pigmentation,
378-380

rice ceramide, 366-373
dermatological diagnosis, 369
improvement rate, 370-371
topical and oral

supplementation, 367-368
VISIOSCAN, 374
water content, pH, and oil

content, 372
suppressive effects, 379
tocotrienol prevents UV

damages, 373-376
mechanisms, 373
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Free radicals
and cell damage, 97
factors trigger, 247

Free radical theory, 218
Functional foods, 98-99

defined, 100
future prospects, 99
impact on skin, 101
objectives, 98, 100

Gamma-linolenic acid, 101
Gastriculcer healing, 339
Gelatin

benefits, 103, 105
Gelatin-glycine, moisturizing

activity of, 103
Genistein, 174-175, 449, 450

antioxidant and
anticarcinogenic activity, 174

photochemopreventive action,
166,174-175

GliSODin®, 256
anti-inflammatory effects, 258
antioxidant status and vascular

inflammatory process,
256-257,258

DNA damage, 257
production of SOD and

endogenous antioxidants, 257
role, 247
and skin protection, 258-261

UV radiation and photo
oxidative stress, 259-261

supplementation, 260
Global facial skin care sales, 103
Glucosylceramides

barrier function and moisture
maintenance, 320

Glutamine, 305
Glutamine, alanyl glutamine

clinical study, 311-312

INDEX

in vitro study
acceleration of collagen

synthesis, 308-309
acceleration of

glycosaminoglycan
synthesis, 309

efficacy of Ala-GIn, 310-311
proliferation of cells, 310
protein content, 312

physiological function,
305-307

Glutathione and cysteine
suppress melanin production,

297-298
Glutathione (GSH)

protection against UVB
radiation, 252

sunburn cell formation,
252-253

Glutathione peroxidase (GPx),
252
prevention of oxidative stress,

254
protection against UVB

radiation, 254
selenium and GSH role in

function of, 252
Glycosaminoglycans (GAGs), 71
Glycosphingolipids, 323
Grape extract

inhibits enzyme activities,
330-331

Green tea
bioavailability of catechins/

polyphenols, 478-479
and green tea polyphenols

(GTPs),477-478
inhibition of angiogenesis,

488-489
modulation of immune system,

483-485
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molecular targets, 485
prevention of

photocarcinogenesis, 479-480
through IL-12-dependent

DNA repair, 486
repair of UV-induced DNA

damage, 486-487
role of IL-12 in human

cutaneous malignancies,
490-491

stimulation of cytotoxic T cells
(CD8+), 487-488

UV-induced immune
suppression, 489

Green tea/EGCG, 164-170
photochemopreventive action,

165,168-170
protection against UV-induced

DNA damage, 169
protection against UV-mediated

carcinogenesis, 170
UV-induced photoaging, 169

Green tea polyphenols (GTPs), 477
y-Tocotrienol,375

Hair
anatomy and histology, 20-22
follicle and bulb, 21
life cycle

phases, 22-24
shaft, 23
types, 20, 58

Hair breakage alopecias, 25
Hair bulb, 21
Hair fibers

terminal, 57
vellus, 57-58

Hair follicle, 21
Hair life cycle, 24

anagen or growing phase,
23-24
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catagen or quiescent phase, 24
telogen or loss phase, 24

Hair shaft, 21, 23
Health and wellness market, 99
Hemangiomas, 224-225
Herpes simplex viruses (HSV), 338
High-performance liquid

chromatography (HPLC)
electrochemical detector
(ECD),205

Histidine, 297
Horripilation (goose flesh), 22
Humectants, 361
Hydrolipid film, 37-38
Hydrolyzed oat polypeptide, 105
Hydrolyzed sodium hyaluronate,

105
Hydrophobic compounds, 366
Hydroxyproline, 291, 296

in vitro studies, 299
oral administration, 299-301

water contents of facial skin,
301

physiological function, 298
topical application

and low mol. wt. hyaluronic
acid,302

and low mol. wt. hyaluronic
acid and vitamin C,
302-304

volunteers' perception of
facial skin, 301

IL-12,483
Immune system, 10I-I 02
Inferior portion, 20
Inflammation, 101
Infundibulum, 20
Intravital capillaroscopy, 64-65
IRA radiation, 80
Isthmus, 20
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Keratin, 292-293
Keratinization, 32-33, 293

cellular dynamics, 33-34
Keratinocytes, 8-10. See also

Corneocytes
basal layer, 8-9
granular layer, 10
horny layer, 10
lucid layer, 10
skin section, 9
spinous layer (or Malpighian

layer),9
Keratinosomes, 34. See also

Ceramides
Keratins, 9, 35-37, 101

intermediate filaments, 35
Keratogenous zone, 21
Keshan disease, 140-141
Kiwifruit seed extract, 377

tyrosinase-inhibiting activity,
378

Lactobacillus ala-odoris, 432
Lactobacillus casei, 425
Lactobacillus johnsonii, 426
Lactobacillus pes-odoris, 432
Lactobacillus rhamnosus GG

(LGG),425
Lactoferrin-predominant whey

protein, 387, 389, 394-396
anti-inflammatory activity, 395
antimicrobial activity, 394-395
antioxidant activity, 396
reduction of blemishes and

redness, 389-394
Laminin, 271
Langerhans cells, 13-14

function as immunocompetence,
14

L-ascorbic acid, 123
Laser Doppler Flowmetry study, 64

INDEX

Laser Doppler Velocimetry study,
64

L-dehydroascorbic acid, 123
Linoleic acid, 101
Lipid oxidation, 411
Lipid peroxidation, 240
Lipids

decreases with age, 72
Litchi seed extract

inhibits enzyme activities,
329-330

tyrosinase-inhibiting activity,
378

Lutein, 101-102
Lutein/zeaxanthin

functions, 193, 196
Lymphatic vessels, 18

Matrix metalloproteinases
(MMPs),84

Melanin, 10, 12, 297
eumelanins, 12-13
pheomelanins, 13
phototypes, 13
trichochromes, 12
types, 52

Melanocytes, 10-13
biochemistry, 12-13

Melanoma skin cancers, 505
Melanosomes, 11, 12, 52

determining factor for skin
colour, 12

Merkel cells
as tactile receptors, 14

Methionine, 297
Microcomedo, 386, 397
Minimal erythemal dose (MED),

241
Mitogen-activated protein kinases

(MAPKs),514
Moisturizing activity of gel-gly, 104
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Motor fibres, 19
MtDNA mutations, 82

Nails, 31-32
surrounding tissues, 31

Nanotechnology-enabled
consumer products, 107

Natural antioxidants, 401
Natural moisturizing factor

(NMF), 290, 359
composition, 290

Natural oils, 409
Natural products, 100

beauty from inside
consumer expectations, 100
health and wellness, 99
impact of functional food,

100-101
inflammation and immune

system, 101-102
market, 98-100

beauty from outside
cosmetic challenge, 103-107
skin aging, 102-103

free radicals, 97
oxidative injuryxs, 98
total beauty effects

beauty from within,
108-109

Natural products supporting
extracellular matrix
plant extracts as inhibitors,

329-330
rice ceramide, 320-323

glycosphingolipids, 323
stratum corneum, 322

Nerve fibres, 19
Nodulocystic lesions, 386, 397
Nonessential amino acids, 288
Nonmelanoma skin cancers, 505
Normal skin, structure of, 476
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Occlusive moisturizers, 360
Oleanolic acid
Olive fruit extracts

antioxidant activity, 238-239
constituents, 235-237

caffeic acid, 236
contents of polyphenols,

236-237
hydroxytyrosol, 236
oleuropein, 236
tyrosol, 236
verbascoside, 235

content, 237
daily consumption, 237-238
epidemiology, 234-235
isoprostane, 239-240
origin and history, 233-234
protection against oxidative

stress and lipid peroxidation,
241

reduction of oxidative stress
oral, 239-240
topical, 240-241

UV-reduced sensitization,
241-242
MED variation, 242
olive polyphenols on skin

sensitivity, 241
Olive polyphenols, 238
Opextanr», 238
OptiBerry, 223-224

inhibitory effect on
angiogenesis, 224, 226

Ornithine
clinical study

volunteers' perception of
facial skin, 305

physiological function, 304
wound healing, 295

Oryza tocotrienolt'<, 375
Oxidant-antioxidant balance, 246
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Oxidation, 248-249
Oxidative phosphorylation, 81
Oxidative stress, 238, 247

endogenous biological
indicators of, 247

Oxidative stress, 163
Oxycarotenoids

preventing UV-induced DNA
damage, 186

Oxygen radical absorbance
capacity (ORAC), 407

Papule, 386, 397
Periorbital wrinkle formation, 348
Petrolatum, 360
PH,39
Phenolic diterpenes, 400
Photoaging, 297

as chronic inflammatory
process, 87

connective-tissue alterations in,
84-86

mtDNA mutations and, 81-84
protein oxidation and, 87-88

Photochemoprevention, 162
Photoplethysmographic study, 65
Plant-derived polyphenols, 373, 375
Polyamines, 294
Polyphenols, 472, 474, 477, 478

chemical structures, 478
Pomegranate, 170-171

antioxidant activity, 171
photochemopreventive action,

165, 171
Praventin''Y, 386
Premature aging of skin from

environmental assaults
connective-tissue alterations,

84-86
mtDNA mutations and

photoaging, 81-84

INDEX

photoaging as chronic
inflammatory process, 87

protein oxidation and
photoaging, 87-88

UV-induced modulation of
vascularization, 86-87

Primrose seed extract
tyrosinase-inhibiting activity,

378
Probiotics

definition and health benefits,
422-424

influence microbiota
composition, 423

Probiotics and skin
oral route

mechanisms, 430-431
reactive skin, 427-430
skin aggression, 425-427
skin allergic reactions, 425

topical application
antibacterial activity, 432
skin integrity, 432-433

Protein oxidation, 87-88
Proteoglycans, 15, 271
Purple rice extract

inhibits elastase, 330
Pustule, 386, 397

Quercetin, 176
photochemopreventive action,

167, 176

Raspberry, 222
Reactive nitrogen species (RNS),

373
Reactive oxygen species (ROS),

81,117,219,373
exogenous sources, 247-248

Reactive skin, 427-428
Rehydration, 360
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Resveratrol, 173-174
photochemopreventive action,

166,173-174
Rice bran oil, 375
Rice cerami de

ceramides in skin, 320-322
declines with age, 322
sphingolipids and

biosynthesis, 321
stratum corneum, 321

cosmeceutical function,
324-329
antiallergic and

anti-inflammatory,
326-327,328

antipigmentation activity,
324-325,326,327

atopic dermatitis, 324
dermal fibroblasts, 325-326,

327
moisturizing effect, 324, 325

digestion, absorption, and
transport, 324

tyrosinase-inhibiting activity,
378

Rice glycosphingolipids
inhibitory effect on tyrosinase

and melanin production, 327
Rosemary

antioxidant activity in cosmetic
oils, 405, 409-416

antitumor-promoting activity,
406

antiviral activity, 405
bioactive compounds and

activity, 402-407
chemical structures of

antioxidative components, 403
cosmetic cream rancidity

peroxide values, 415
protection, 41 1-416
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Rancimat test results, 412,
413

cosmetic oil rancidity
protection, 409-411
Rancimat test, 410

ORAC values, 407-409
tumorigenesis-inhibition

properties, 407
Rosemary leaves, 401-402
Rosmarinic acid

anti-inflammatory and antiviral
properties, 406

antioxidant properties, 405
prevents atherosclerosis, 406

RRR-a-tocopherol
inceases vitamin E level in

sebum, 123

Sandalwood oil
anticancer efficacy, 508

Sebaceous glands, 25-29
anatomical and histological

features, 26-27
lipid droplets, 27
ramified-alveolar structure,

26,27
sebum, 27-28

composition, 28
functions, 28-29

Seborrheic dermatitis, 151. See
also Selenium supplementation

Selenium
and acne, 150-151
deficiency, 140-141. See also

Keshan disease
protection from UVB radiation,

151-152
protection of keratinocytes and

melanocytes from UVB
radiation, 253-254

role of, 140, 149
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Selenium (contd.)
and seborrheic dermatitis, 151
supplementation, 150-153

Selenium and skin health
biochemical functions, 149-150

glutathione peroxidases, 149
iodothyroninedeiodinases, 149
selenoprotein P, 150
thyoredoxin reductases, 150

supplementation and skin cell
well-being, 150-153

Selenoproteins, 149-150
Sensory neurons, 19
Silibinin

anticancer effects, 504-505
beneficial effects, 503-504
bioavailability, 519-520
cancer chemopreventive

efficacy, 504-505
chemical structure, 502
hepatoprotective effects, 503
mechanisms of action

antiangiogenic, 516
anti-inflammatory, 509-511
antiproliferative, 511-513
modulates aberrant mitogenic

signaling, 514-516
pro- or antiapoptotic,

513-514
repairs UV-induced DNA

damage, 516-518
UVB-induced skin damage

and carcinogenesis, 511
nontoxic nature, 518-519
source, distribution, and

properties, 502-503
traditional use, 503-504

treatment of liver, 503
Silibinin and skin cancer

chemopreventive agents,
507-508

INDEX

incidence and etiological
factors, 505-507

skin carcinogenesis models,
508-509

Silicium, 105
Silicon, role of, 106
Silybum marianum L., 502
Silymarin

antitumor effect, 509, 510
Skin

role of, 4
section, 7

Skin aging
damage by free radicals, 102

Skin barrier, 356
Skin cancer

characteristics of UV radiation,
474-475

phytochemicals and
photoprotection, 476-477

skin, 475-476
solar ultraviolet (UV) radiation

long-wave UVA, 473
mid-wave UVB, 474
short-wave uve, 474

Skin cell turnover, 293, 312
Skin constituents

maintenance of NMF,
290-292
replenishment of collagen!

keratin, 292-293
promotion of skin tissue

regeneration
enhancement of skin

turnover, 293-295
skin turnover, 293

protection against UV damage,
297-298

Skin dehydration
diseases, 356

Skin flora, 40
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Skin functions
absorption, 43-44
barrier, 41-42
immunological, 42
protective, 42
secretory, 42
sensitivity, 43
thermoregulatory, 42-43

Skin hydration
factors governing maintenance,

38
Skin hydration, 38-39
Skin hydration and barrier

function
hydrated versus dehydrated

skin, 356
barrier-damaged skin, 358
well-hydrated skin, 358
xerotic skin, 357

mechanisms of moisturization,
360-361
humectants, 361
hydrophi lie matrices, 361
occlusive substances, 360, 361

moisturizers and skin barrier,
362

signal for barrier repair, 359
skin barrier, 356-359
skin remoisturization and NMF,

359-360
steps, 359

Skin pH, 39-40
Skin physiology

cellular dynamics of
keratinization, 33-34

epidermal lipids, 34
hydrolipid film, 37-38
keratinization, 32-33
keratinosomes (Odland bodies),

34
keratins, 35-37
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skin flora, 40
skin hydration, 38-39
skin pH, 39-40

Skin sensitivity, 430
classification, 429
mechanisms, 428

Skin's natural antioxidant enzyme
system, enhancing
endogenous and exogenous

generation of ROS and
antioxidants, 246

endogenousvs. exogenous
antioxidants, 250

role of endogenous antioxidants
catalase, 250-252
glutathione peroxidase,

252-254
superoxide dismutase,

254-256
SOD and dietary nutrients

GliSODin® and skin
protection, 258-261

Skin structure
dermis, 6, 14-17

collagen fibres, 14-15
elastic fibres, 15, 16
ground substance, 15
papillary, 16
reticular, 16-17

epidermis, 6
keratinocytes, 8-10
Langerhans cells, 13-14
melanocytes, 10-13
Merkel cells, 14

hypodermis, 7, 17-18
adipocytes, 17

innervation, 19
macroscopic characteristics,

5-6
microscopic characteristics,

6-8
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Skin structure (contd.)
skin annexes

alopecias, 25
anatomy and histology of

hair, 20-22
cutaneous glands, 25
hair life cycle, 22-24
hair system, 20
nails, 31-32
sebaceous glands, 25-29
sweat glands, 29-31
tricogram, 24-25

vascularization, 18-19
arteries, 18
capillaries, 18
veins, 18

Skin turnover, promotion of
acceleration of cell division,

294
acceleration of NO secretion,

293-294
Smads, 342
Smad signaling, 343
Solar ultraviolet (UV) radiation

UVA, UVB and uvc, 162
Soy, biology of

biological activities
estrogen receptor binding,

447
non-ER-binding activities,

447-448
nutritional components

carbohydrates, 444
fat, 444
protein, 443-444
saponins, 445
vitamins and minerals,

444-445
soy isoflavones, 445-447

Soy for hair care, 452-453

INDEX

Soy for skin care
in vitro evidence, 448-450

skin aging and
photocarcinogenesis,
448-449

treatment of human
fibroblasts with genistein,
449

in vivo evidence
dietary consumption,

451-452
topical application, 450-451

Soy isoflavones
beneficial effects on

photoaging, 451
metabolism, 446-447
protection against

photocarcinogenesis,
450-451

structure, 445-446
~-glycosideand aglycone

forms, 446
Soy peptide (Phytokine"), 449
Soy protein isolate

digestibility and utilization,
443-444

Stratum corneum, 290
Strawberries, 222
Structure and function of ethnic

skin
dermis, 54-56

features of sun-protected
black skin, 56

skin extensibility, elastic
recovery, and elasticity,
55-56

whites vs. blacks, 55
differences in structural and

functional characteristics,
49-50
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epidermis
differences in TEWL, 51
hydration, 51-52

hair, 57-59
morphologic features of

African hair, 59
racial differences, 58

mast cells, 52
melanocytes, 52-54

difference in melanosomes,
54

eumelaninlpheomelanin
ratio, 52-53

melanogenesis steps,
53-54

sebaceous glands and sweat
glands, 56-57
difference between races,

57
Superoxide dismutase (SOD),

246,254
atherosclerosis, 255-256
health benefits, 255
inflammation, 255

Superoxide ion
roles of SOD, catalase, and

GPx.249
SU.VI. MAX study, 153
SVCTl and SVCT2 (ascorbic acid

transporters)
for vitamin C transport, 124

Sweat glands, 29-31
apocrine, 30-31, 56

anatomical and histological
aspects, 31

apoeccrine, 56-57
eccrine, 29-30, 56

anatomical and histological
aspects, 30

defined,30
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Thearubigens, 477
Tocopherol

structure, 375
Tocotrienols

protection from UV damages,
366

scavenger of ROS, 366
structure, 375

Transepidermal water loss
(TEWL), 51, 359

Tricogram, 24-25
Triterpenes

antiinflammatory properties, 101
Tumor angiogenesis, 488
Type I collagen, 341, 348-349

Ultraviolet (UV) radiation, 80
Ursolic acid

and alkali salts, 402
Ursolic acid and oleanolic acids

activities, 402-403
antiaging reagents, 406
anti-inflammatory and

antihyperlipidemic
properties, 406

chemopreventive properties,
406

UVB radiation, 80-81, 151. See
also Selenium supplementation
adverse biological effects of, 163

UVC, 163
UV-induced generation of

oxidative stress, 482
UV-induced immunosuppression,

prevention of
CHS model, 480-483
green tea mediated through

IL-12-dependem DNA repair,
484-485

green tea requires IL-12, 483
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UV photoprotection
with vitamin E, 125-126

UV radiation-induced mtDNA
mutuations, 83-84

Vascular endothelial growth factor
(VEGF),224

Vegetative fibres, 19
Vitamin B6, 105
Vitamin C, 101

and aging, 127
and antioxidant properties, 127
and barrier function, 128
concentration and distribution

of ascorbic acid, 124-125
and photoprotection, 128-129
role on collagen synthesis, 127

Vitamin E
and skin aging, 126-127
and skin photoprotection,

125-126

Water, 355
Whey protein complex

acne vulgaris, 386-387
current consumer strategies, 387

efficacy of topical and
systemic agents, 388

supporting healthy complexion
from inside
human consumer studies,

389-393
lactoferrin-predominant

whey protein, 394-396
Wild blueberries, 221-222
Wound healing, 338-339

role of angiogenesis, 339
Wound repair process and

physiology
effect of zinc on immunologic

cells and cytokines, 147-148

INDEX

inflammation and zinc, 147
zinc finger transcription factors,

146
zinc participation, 145-147

Wrinkles
inhibition of MMP reduces

formation of, 202
inhibitory effects of CoQ 10'

204
laminin 5 causes, 202
oral administration of CoQ 10'

203
topical application of CoQ 10'

203

Xanthophylls, 193, 196
Xanthophylls lutein and

zeaxanthin, 188
Xerosis, 356

Yuzu (Citrusjunos), 377-378

Zinc
absorption and efflux, 142-143
anti-inflammatory activity, 147,

148
biomolecules

catalysts, 141-142
Metallothioneins (MTs), 142
psoriasine, 142

and calcium
in cell proliferation and

maturation, 144
deficiency, 140, 144
and immune functions, 144
importance of, 141
and redox system, 144-145
roles of, 140
supplementation, 140, 144
in wound repair and healing,

145
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and zinc-containing biomolecules
and calcium in skin

biochemistry and
physiology, 143-144

cellullar zinc homeostasis,
142-143

physiological role and
mechanism of action,
144-145

Zinc finger proteins, 141
Zinc oxide

beneficial effects, 145
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