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2.1 Introduction

The past decade has witnessed the progression
of the field of cosmeceuticals moving toward
one of cosmoleculars™. The impact of ad-
vanced technologies as well as pharmaceutical
methods and drug delivery systems has result-
ed in the field of cosmetic dermatology. This
chapter will attempt to give the practitioner a
base of current knowledge in the field of cos-
metic dermatology. The skin care consumer has
been faced with a literal flood of products into
the marketplace designed to address various
cosmetic concerns. As research and develop-
ment of new bioactive ingredients and know-
ledge of existing ingredients continue to grow,
and new technologies reflect increased stability
and delivery of these ingredients to the skin,
this trend will only continue to grow.

� The impact of bioactive skin care
ingredient technology, pharmaceutical
methods, and drug delivery systems
have resulted in the development of
cosmoleculars and the advancement
of cosmeceuticals™ in anti-aging skin
care ingredient technology.

� Anti-aging skin care ingredients are
assessed: antioxidants, hydroxy acids,
beta glucans, minerals, peptides, and
growth factors.

� Topical antioxidants have both pro-
tective and rejuvenation benefits.
Currently under research and devel-
opment are spin traps (phenyl butyl
nitrone).
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2.2 Reassessing 
the Skin Care Regimen

The cosmetic and beauty industry is one of the
world’s oldest professions, dating as far back as
1000 B.C. to the Picts, a tribe in Scotland. The
use of ointments and oils was recorded on pa-
pyrus by the Ancient Egyptians, and cold cream
is said to have been invented by the ancient
Greek physician Galen. The quest for beautiful
skin will bring many patients seeking expert
advice to the dermatologist’s office. The aim of
this section is to try and simplify a topic that is
constantly changing. Technologic advances of
the past several decades have provided a great
deal of information about skin structure and
function as well as cellular and molecular
mechanisms of aging.

The skin’s appearance is dependent on many
factors, including brightness and the way it re-
flects light. Healthy looking skin and how it re-
flects light is as important to younger-looking
skin as is diminishing wrinkles. Lack of proper
skin care can accelerate the aging process. It is
therefore worthwhile to include a review of ba-
sic skin care, which comes down to cleansing
and moisturizing.

The stratum corneum (SC) is a highly spe-
cialized structure whose brick and mortar
composition is made up of terminally differen-
tiated corneocytes (brick) intertwined within a
specialized lipid matrix (mortar), which forms
the skin’s protective moisture barrier [1]. The
SC is made up of dead corneocytes that are
formed following apoptosis or planned death of
migrating keratinocytes. The ability of the SC
to retain moisture is through a variety of small-
molecular-weight compounds collectively
called the natural moisturizing factor (NMF)
[2, 3]. The NMF functions as a humectant and
consists of many compounds, including lactic
acid, urea, and amino acids, which are break-
down products of filaggrin and cis-urocanic ac-
id whose role is not clear but is believed to have
a free-radical-scavenging role [4, 5]. The high-
est levels of NMF are found in the lowest re-
gions of the SC where the greatest amount of
moisture is retained.

The lipid matrix of the SC is made up of
bipolar lipids in alternating hydrophilic and
hydrophobic rows. The lipids consist of fatty
acids, ceramides, and cholesterol, which form
the SC mortar by surrounding the NMF thereby
preventing moisture loss known as TEWL
(transepidermal moisture loss.) Without this
lipid bilayer, the hydrophilic NMF would evap-
orate and the resultant TEWL would clinically
result in dry and aged-looking skin.

Cleansing is necessary in order to remove
environmental dirt, microorganisms, makeup,
and metabolic byproducts that can otherwise
be damaging to the skin. Finding a cleanser ap-
propriate for skin type that will not harm the
moisture barrier while ensuring that a moistu-
rizer is used to replenish and protect the mois-
ture barrier is as important as any anti-aging
ingredient.

2.3 Aging Skin

How skin ages depends on a number of factors.
The primary factor that determines the way a
person ages is underlying genetics. Other inter-
nal influences include diet, lifestyle, drug, and
alcohol history. Smoking, a cause of premature
aging of the skin, has been directly linked with
elevations in matrix metalloproteinase-1
(MMP-1), which is a zinc-dependent protease
responsible for degradation of dermal collagen
[6]. Environmental exposures, including weath-
er changes and pollutants, have a direct impact
on skin aging, with the most profound degrada-
tive changes caused by chronic UV exposure
with resultant photoaging.

Chronically aged skin that loses the scaffold-
ing of the dermal structural proteins elastin
and collagen in addition to epidermal thinning
appears loose and wrinkled. There is atrophy of
adnexal structures with a decrease of oil-se-
creting glands and the skin’s moisture retaining
ability, resulting in dryness and scaling. Contin-
ued loss of elasticity results in sagging, jowli-
ness, and deep furrows. Photoaging com-
pounds the structural changes by accelerating
aging with even more pronounced wrinkling.
There are more epidermal changes with pig-
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mentary alterations of mottling and wrinkling
than seen in chronologically aged skin alone.

The question of how and why we age has
been the subject of much thought and discus-
sion.As we learn more about aging and cell-sig-
naling pathways, the approach to aging evolves.
If humans are built with internal repair mecha-
nisms, why do we age with degenerative chang-
es? Many scientists are now starting to view
physical aging as a disease process. The cellular
and molecular mechanisms involved in aging
reveal an intricate series of signals, markers,
and pathways, all of which are programmed to
monitor and control the lifespan of a cell as it
ages. By studying these molecular events and
pathways, the field of anti-aging will be fur-
thered by the use of cosmoleculars™.

2.4 Antioxidants

The use of antioxidants in any anti-aging skin
care regimen is essential in order to combat and
prevent further damage. Vitamins have been
used to combat free radical damage for many
years. Unfortunately, they get used up rather
quickly since it takes one vitamin to neutralize
one free radical. Enzymes are more efficient
free radical scavengers; however, they depend
on the presence of a healthy cellular environ-
ment and certain trace minerals to synthesize
them. There is growing evidence of the synergy
that exists in using combinations of antioxi-
dants along with sunscreens. Some antioxi-
dants have protective benefits while others
work as protectants in addition to stimulating
age-reversal changes.

2.4.1 Spin Traps–Phenyl Butyl Nitrone

We are familiar with free radical damage that
occurs with oxidative stress by sun, environ-
mental pollutants, and cigarette smoking. How-
ever, free radicals are formed as result of nor-
mal oxygen metabolism and therefore are a
byproduct of normal physiologic function. Da-
maging free radicals are created when an aber-
rant electron “spins” out of its orbit leaving a

highly unstable molecule. The very newest anti-
oxidants, which are known as “spin traps,” have
the ability to catch or trap the aberrant electron
as it starts to spin out of control and return it to
its orbit before it can do any damage. Although
the use of spin traps in dermatology is in its
infancy, these compounds show a great deal of
promise.

Spin traps were originally used as a way to
measure free radical activity both in vivo and in
vitro through their ability to form stable com-
plexes [7, 8]. Their uses in degenerative diseases
associated with aging have been a subject of
study due to their ability to trap and neutralize
free radicals. The most well-known spin trap is
phenyl butyl nitrone (PBN) [9]. Numerous
studies by Dr. J. Carney and his associates have
been performed that have demonstrated the
anti-inflammatory, neuroprotective, age-re-
versing effects of PBN. Interestingly, it is not so
much their capacity to neutralize free radicals
that is responsible for the protective behavior
of spin traps but, rather, their ability to mod-
ulate proinflammatory cytokines [10].

2.4.2 Vitamin E

Topically applied vitamin E plays an enormous
role in protecting the skin from free radical
damage. Vitamin E is the most abundant anti-
oxidant found in skin, and it is produced in hu-
man sebaceous glands in its alpha- and gam-
ma-tocopherol forms. These tocopherols are
part of a natural protective mantle that has
been described and is, in fact, the first line of
protection against environmental stress. As the
vitamin E levels of the skin diminish, the pro-
duction of alpha- and gamma-tocopherols oc-
curs in the sebaceous glands and is delivered to
the skin’s surface via sebum [11]. Oxidative
damage occurs when the rate of depletion of vi-
tamin E exceeds the rate of production. The im-
portant role of sebaceous glands and sebum in
the production and delivery of vitamin E to the
skin may explain the often-made observation
that oily skin tends to age more slowly than dri-
er skin. Perhaps those with oily skin have a
higher vitamin E level and therefore more nat-
ural protection than those with dry skin.
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The very properties that make alpha-to-
copherol such a powerful antioxidant causes it
to break down in the presence of oxygen or
upon exposure to light. For that reason, alpha-
tocopherol acetate, which is the more stable es-
terified form, is used in cosmetics. Since alpha-
tocopherol acetate is not an antioxidant and has
no antioxidant activity, it must first convert to
its active alpha-tocopherol form. Years of de-
bate questioned the ability of alpha-tocopherol
acetate to be delivered to the skin and biocon-
verted to an active form. Finally, in 1990, the
bioconversion of alpha-tocopherol acetate to
free alpha-tocopherol was able to be demon-
strated [12]. In addition, formulation enhance-
ment using certain delivery systems has dem-
onstrated the ability to deliver significant levels
to the skin followed by bioconversion once in
the skin.

The use of vitamin E in skin care has anti-ag-
ing benefits based on its moisturization prop-
erties but mostly on its protective capabilities.
Dr. Lester Packer documented the depletion of
vitamin E levels in skin following UV radiation
[13]. In addition, he was able to document sig-
nificantly higher levels in the skin following the
application of a cream containing 5% tocophe-
rol acetate over 10 days. He also demonstrated
the antioxidant role of vitamin E against the ox-
idative stress caused by ozone [14, 15].

The protective role of vitamin E extends to
skin care preparations by enhancing their
stability and shelf life. A change in color or tex-
ture is a sure sign that a cosmetic product is ox-
idizing and should not be used. Patients ought
to be told that the breakdown of the product
will continue as it is applied to their skin.When
cosmetic products contain ingredients that are
easily oxidized, such as vitamins or natural ex-
tracts, the use of alpha-tocopherol in conjunc-
tion with ascorbyl palmitate acts as a powerful
antioxidant system preventing oxidation. In ad-
dition, the combination of alpha-tocopherol
and ascorbyl palmitate can prevent the forma-
tion of carcinogenic nitrosamines [16].

The enhanced ability of vitamin E as a mois-
turizer with its added benefits of skin smooth-
ness and softness is attributed partly to its abil-
ity to penetrate the skin and provide cumula-
tive benefits [16]. Vitamin E enhances the pho-

toprotective effects of sunscreen, and when
combined with vitamin C, the two are even
stronger as photoprotectants [17, 18].

2.4.3 Vitamin C

Vitamin C is a major water soluble antioxidant
that plays a vital role in photoprotection as well
as in collagen synthesis. The body reservoir of
vitamin C decreases with age, and habits such
as smoking decrease reserves even more. Vita-
min C is not produced in the body and must be
consumed entirely through diet and oral sup-
plementation. Likewise, in the skin where vita-
min C plays a vital role in photoprotection and
aging, it must be topically supplemented since,
unlike vitamin E, it is not produced in the skin.

The role of vitamin C in photoprotection has
been demonstrated by the dramatic reduction
of vitamin C in skin following UV radiation. In
addition, a combination of both vitamins E and
C work synergistically to enhance their photo-
protective effects. This reinforces the benefit
derived from enhancing photoprotection by
combining antioxidants with sun-protection
products [17, 18].

Vitamin C is an essential cofactor for the hy-
droxylation of proline and lysine, a necessary
step in collagen synthesis. In fact, fibroblasts in
cell culture will selectively secrete collagen
when vitamin C is added in a dose-dependent
fashion. Its role in collagen synthesis is prob-
ably responsible for the wrinkle-reducing and
skin-firming effects that vitamin C has on aged
skin [19, 20, 21]. Vitamin C also appears to re-
duce signs of photoaging. In addition, topical
vitamin C increases levels of tissue inhibitors of
collagen-degrading matrix metalloproteinase1
(MMP-1) [22].

The ability of topical vitamin C to reduce hy-
perpigmentation has been demonstrated and
has found its way into various skin-lightening
products.Vitamin C is able to lighten hyperpig-
mented skin through the inhibition of the en-
zyme tyrosinase [23].

Many forms of vitamin C have been used in
various topical formulations in efforts to stabi-
lize this highly unstable molecule. However, any
form of vitamin C that is applied to the skin

Jeannette Graf20

2



must convert to the L-ascorbic acid form in or-
der to be recognized by the body and deliver a
benefit. Stabilizing vitamin C was an impos-
sibility until 1988 when Dr. Sheldon Pinnell
from Duke University, one of the pioneers of
topical vitamin C research, was able to stabilize
ascorbic acid in solution. The same study also
showed the presence of ascorbic acid in the
skin days after the application with an increase
in the level of collagen as well, proving the pen-
etration and benefit of the topically applied vi-
tamin C [24, 25].

There are so many different vitamin C varia-
tions used in skin care that rather than naming
each one, the process can be simplified by di-
viding them in either water soluble (L-ascorbic
acid and magnesium or sodium ascorbyl phos-
phate), fat-soluble esters (ascorbyl palmitate,
ascorbyl tetra-isopalmitate), or anhydrous
systems. Unfortunately, the long-term stability
of topical vitamin C preparations remains a
concern. The most stable vitamin C prepara-
tions remain anhydrous or completely water
free.

2.4.4 Coenzyme Q10

Coenzyme Q10 (CoQ10) is a powerful free radi-
cal inhibitor that inhibits lipid peroxides from
forming in plasma membranes. CoQ10 plays a
very important role in cellular energy produc-
tion and works in the mitochondrial adenosine
triphosphate (ATP) energy-producing pathway
of the cell [26]. The presence of CoQ10 in the
mitochondria may play a role in preventing ox-
idative stress induced cellular apoptosis since it
is in the mitochondria where the final apoptot-
ic signal is dispatched.

As we age, CoQ10 levels diminish, as does
cellular energy production, which may improve
by adding CoQ10. The vast majority of infor-
mation about CoQ10 is based on its oral use.
Topically, it has demonstrated antioxidant ac-
tivity as well as inhibition of collagenase ex-
pression in UV-irradiated human fibroblasts.
Topical application of CoQ10 has been reported
to show a reduction in wrinkles; however, more
studies need to be done.

2.4.5 Idebenone

Idebenone is a powerful synthetic analog of
CoQ10, which shows a great deal of promise. In
a study comparing the photoprotective proper-
ties of topical idebenone to those of vitamin E,
kinetin, CoQ10, vitamin C, and lipoic acid, ideb-
enone consistently demonstrated the highest
level of antioxidation and photoprotection [27].
At the present time while this chapter is being
written, idebenone is not yet available for topi-
cal use. However, it will soon be available under
the brand name Prevage (Allergan, Irvine, CA,
USA).

2.4.6 Lipoic Acid

Lipoic acid is a very powerful antioxidant that
has the unusual advantage of being both water
and fat soluble and is an important cofactor in
mitochondrial dehydrogenases. It has a great
deal of anti-inflammatory activity, which is one
of the reasons that Dr. Nicholas Perricone has
credited lipoic acid as one of the major antioxi-
dants in skin care. Studies have shown the ease
with which lipoic acid is able to penetrate the
skin, after which it converts into its active by-
product dihydrolipoic acid (DHLA) [28, 29].

Topical application of 3% lipoic acid has
demonstrated its ability to decrease UVB-in-
duced erythema, which demonstrates its pho-
toprotective and anti-inflammatory properties.
Also, a 12 -week study demonstrated that using
a topical cream containing 5% alpha-lipoic acid
was quite effective in treating signs of photo-
aging [30, 31].

2.4.7 Polyphenols

Green tea polyphenols have been included in a
growing number of skin care products for their
antioxidant and anti-inflammatory effects [32].
These polyphenolic compounds are called epi-
catechins, and the most powerful member of
this group is called epigallocatechin-3-gallate
(EGCG). Studies have demonstrated the ability
of EGCG pretreated skin to inhibit erythema,
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myeloperoxidase activity, and inflammation
following UVB irradiation [33, 34]. Studies have
also demonstrated UV-radiated skin pretreated
with green tea polyphenols shows a histologic
decrease in sunburn cells [35, 36]. In addition,
pretreated skin had less DNA damage as evi-
denced by fewer UV-induced DNA pyrimidine
dimers formed than in untreated skin.

Another polyphenol that differs from those
found in green tea are the procyanidins. Pro-
cyanidins are powerful free radical scavengers
whose richest source is from the seeds of red
grapes. Grapeseed extract is rich in polyphen-
ols, and studies have reported it to have higher
antioxidant activity than both vitamins C and E
[37, 38]. In fact, in mice, grapeseed polyphenols
have demonstrated greater inhibition of lipid
peroxidation than green tea polyphenols [39].
The role of polyphenols, whether from green
tea or grapeseed extract, has a great deal of po-
tential as part of a growing natural anti-aging
skin care market. With all natural ingredients,
however, it is important to standardize extrac-
tion methods as well as assays for their activity.

2.4.8 Selenium

Selenium is an essential trace element with
antioxidant, anti-inflammatory, and anticarcin-
ogenic activities. As an anti-aging skin care in-
gredient, selenium’s protective ability lies in its
essential role as a cofactor in the formation of
the important protective enzyme glutathione
peroxidase [40]. Selenium’s anti-inflammatory
properties have been demonstrated by its abil-
ity to inhibit skin damaging UV-induced in-
flammatory cytokines [41]. Selenium as a topi-
cal ingredient does not penetrate skin well and
must be used in its selenomethionine form in
order to be bioavailable.

2.4.9 Carotenoids

Carotenoids are dietary antioxidants, which in-
clude lycopene, lutein, and beta-carotene. The
sources of these natural free-radical-scaveng-
ing compounds include leafy green vegetables,

carrots, and tomatoes. Carotenoids have free-
radical-scavenging properties and inhibit lipid
peroxidation as well [42]. Most studies asso-
ciated with carotenoids have used them in their
oral form. However, there have been reports of
the photoprotective effects by topically applied
carotenoids [42]. In cell culture study on hu-
man skin fibroblasts, there was a decrease in
the level of UVB-induced thiobarbituric acid-
reactive substances by pretreatment with carot-
enoids. In the study, carotenoids were delivered
to fibroblasts through liposomes 20 min prior
to UV radiation, and measurements were taken
1 h later [42]. Although carotenoids work best
synergistically, by themselves, lycopene was the
strongest photoprotectant followed by lutein
then beta-carotene [43].

Formulating with these compounds has been
tricky since they are pigments and influence
the color of the cosmetic in the jar as well as on
the skin. However, newer technologies are be-
ing developed that are resulting in colorless ca-
rotenoids.

2.5 Vitamin A–Retinoids

The essential role of retinoids in the normal de-
velopment and keratinization of skin dates
back to 1925 when Wolbach and Howe de-
scribed abnormal keratinization in vitamin-A-
deficient enzymes. The topical use of retinoids
has been more extensively studied than any
other compound in dermatology. Retinoids
play an important role in skin development and
regulate the growth and differentiation of ke-
ratinocytes [44]. The ability of topical retinoids
to reverse photoaging as well as chronologic
aging makes the use of a retinoid a staple in any
cosmetic regimen [45, 46].

Topical vitamin A has the ability to diminish
the signs of aging by decreasing fine lines and
wrinkling. In addition, there is a normalization
and enhancement of elasticity [47]. Improve-
ment of skin tone and texture is a benefit of vi-
tamin A, which enhances skin lightening when
used in conjunction with skin lighteners.

Vitamin A is a lipid-soluble molecule whose
structure has been amenable to formulation
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variability resulting in several structurally dif-
ferent forms. The first generation, or nonaro-
matic form, includes all-trans retinoic acid
(tretinoin) and its 9-cis-isomer and 13-cis-iso-
mer (isotretinoin) forms [44, 48]. The other
topical forms are polyaromatic isomers of reti-
noic acid, or arotinoids, which include adapa-
lene and tazarotene [49]. Retinoic acid regu-
lates the growth, differentiation, and normal-
ization of skin by recognizing and binding to
specific retinoic acid receptors (RARs) and ret-
inoic X receptors (RXRs), which are ligand-ac-
tivated transcription factors. These receptors
bind to regulatory regions of DNA where they
activate gene transcription. Within each recep-
tor family there exist subtypes and multiple
isoforms belonging to each subtype.

Vitamin A derivatives used cosmetically in
nonprescription products include retinol, reti-
naldehyde, retinyl palmitate, and retinyl esters.
Retinol and retinaldehyde, an intermediate
product in the conversion of retinol to all-
trans retinoic acid, are natural forms of vita-
min A [44]. The most common nonprescription
forms used are retinol and retinyl palmitate. In
order to be of any benefit, each must convert to
the all-trans retinoic acid form in order to bind
ligands. Retinol has been shown to penetrate
the skin more effectively than retinaldehyde,
retinyl palmitate, and even retinoic acid [50].
This was determined by measuring 4-hydroxy-
lase activity, which is directly related to the lev-
el of all-trans retinoic acid in the skin [51].
Since each of the vitamin A derivatives must bi-
oconvert to all-trans retinoic acid, the 4-hy-
droxylase level has become a marker of the bio-
availability and effectiveness of these ingre-
dients.

Retinol is the most abundant form of vita-
min A in the skin; however, it is extremely sen-
sitive to light and air during formulation in
skin care. If retinol is not handled in the correct
conditions, it will quickly oxidize, and an irri-
tating, harmful product will result.

2.6 B Vitamins

Panthenol (provitamin B5) is the stable analog
of pantothenic acid that has been used in skin
care, nail products, and most especially in hair
products through its enhanced moisturization
benefits. Pantothenic acid enhances wound
healing through cell proliferation and protein
synthesis and quickly penetrates the skin.
Known for its moisturizing and soothing ef-
fects, it can play a role in anti-aging skin care
through its enhanced cell proliferation and
healing abilities [52, 53].

Nicotinamide (niacinamide) is another B vi-
tamin that has entered the skin care arena. Most
studies of this vitamin have focused on the
anti-inflammatory effects of nicotinamide and
its benefit in acne treatment. The role of nico-
tinamide as a potential anti-aging ingredient
has yet to be explored; however, one possible
role is in the biosynthesis of ceramides and oth-
er stratum corneum lipids [54].

2.7 Alpha-Hydroxy Acids (AHAs)

About 25 years before glycolic acid made its
dramatic entry into the cosmetic skin care mar-
ket in the early 1990s, lactic acid had been de-
scribed as part of the skin’s NMF and was used
with great success in skin moisturizers. In addi-
tion, Drs. Van Scott and Yu described the effec-
tiveness of lactic acid in treating ichthyosis and
disorders of keratinization. The combined use
of topical retinoids as well as glycolic acid as an
ingredient in cosmetic skin care products and
in in-office peeling products has revolutionized
the anti-aging skin care market [55].

The effects of alpha-hydroxy acids (AHAs)
are determined by their pH and concentration
levels. Although these naturally occurring or-
ganic acids are often referred to as fruit acids
because they are found in many common fruits
such as citrus fruits (citric acid), apples (malic
acid), and grapes (tartaric acid), the two most
widely used AHAs are not components of fruit.
Glycolic acid is a sugar cane derivative, and lac-
tic acid is derived from milk.
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There have been a number of beauty benefits
associated with the use of AHAs in facial skin
care, and they have the ability to reduce the co-
hesion of dead corneocytes to the skin, giving
the skin a smoother, less wrinkled, and less
mottled appearance. It is ideal to couple these
products with topical retinoids and lightening
agents to enhance these effects. The effective-
ness of AHAs in reversing the signs of aging
were also coupled with problems of stinging,
burning, and irritation, which were usually as-
sociated with a pH less than 3.5.

2.8 Polyhydroxy Acids (PHAs)

The polyhydroxy acids (PHAs) are the next
generation of AHAs. They provide the anti-ag-
ing, skin-smoothing benefits of the AHAs with-
out the potentially irritating side effects of
burning and stinging. PHAs include glucono-
lactone and lactobionic acid, which are structu-
rally larger molecules than AHAs allowing for
slower skin penetration and thus fewer side ef-
fects [56, 57].

In addition to the exfoliative benefits of
AHAs, PHAs provide additional benefits of en-
hanced stratum corneum barrier function and
moisturization with humectant properties.
This makes for enhanced skin compatibility
and use for most skin types, including sensitive
skins. PHAs are also protective since most of
them contain antioxidant properties.

2.9 Beta-Hydroxy Acids (BHAs)

The most frequently used beta-hydroxy acid is
salicylic acid. It is found in most over-the-coun-
ter (OTC) products and has been used primari-
ly in the treatment of acne. Part of its effective-
ness as an acne treatment may stem from its
lipid solubility and ability to penetrate sebum
[58]. More recently, salicylic acid has been used
in the treatment of photoaging with in-office
peels of 20–30%. These can be quite helpful in
patients who are unable to tolerate alpha-hy-
droxy acids since irritancy levels tend to be less
with salicylic acid. In addition, it can be quite
useful to combine or alternate both AHAs and

BHAs since their mechanisms of action differ,
and using both may be quite beneficial.

2.10 Beta-Glucan

Beta-glucans were first described in 1941 and
belong to a class of compounds known as bio-
logical response modifiers. Although isolated
from different sources, including oat, barley,
and reishi mushrooms, the most biologically
active are isolated from cell membranes of
baker’s yeast (Saccharomyces cerevisiae) [59].
The ability of Beta-glucans to stimulate and ac-
tivate macrophages has resulted in multiple ap-
plications, including wound healing, infectious
disease, oncology, and dermatology [60].

In the epidermis, where macrophage-de-
rived cells include both keratinocytes and
Langerhans cells, beta-glucans act to stimulate
the protective qualities of these cells as our first
line of defense. Topical beta-glucans can accel-
erate wound healing and increase resistance to
infection by enhancing macrophage-mediated
phagocytosis [61]. Studies have also demon-
strated that beta-glucans have photoprotective
properties similar to those of vitamin E by their
ability to sustain levels of reduced glutathione
in the skin following UV radiation [62]. Beta-
glucans are extremely soothing and calming to
the skin through their reinforcement of skin
macrophages, which have implications in mini-
mizing irritancy potential of products.

The potential uses of beta-glucans in derma-
tology are numerous. In personal-care products
for shaving, where nicks and cuts, razor burn, ir-
ritation and folliculitis are problematic, the pro-
tective, wound-healing, anti-irritating effects of
beta-glucans can be quite helpful. The photo-
protective effects of beta-glucans as well as their
ability to soothe, moisturize, and protect the
skin from potential irritation that can occur
with other treatment products, makes them
quite useful in anti-aging skin regimens [63].

2.11 Skin Respiratory Factors

Skin respiratory factors (SRF), also called tissue
respiratory factors (TRF), have been used in
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cosmetics for their ability to renew and revital-
ize the skin. These ingredients revitalize cellu-
lar metabolism through the stimulation of cell
respiration. The ability of an ingredient to stim-
ulate cell respiration and cellular metabolism
can be determined by Warburg assay, which
measures oxygen uptake in living cell homog-
enates. As cell respiration and metabolism in-
crease, cell energy increases, as evidenced by
increased cellular ATP levels measured in the
cell suspension [64].

Although a number of botanical ingredients
with the ability to enhance cell respiration have
been isolated, the most abundant source is
baker’s yeast [65]. However, unlike beta-glu-
cans, which are isolated from the cell walls of
baker’s yeast, compounds that stimulate cellu-
lar respiration are extracted from the cyto-
plasm. These cytoplasmic elements generally
contain mitochondrial components of the cell,
which can enhance cellular energy [66].

As skin ages, it exhibits a certain amount of
physiologic fatigue, which is compounded by
oxidative stress and environmental factors.
This fatigue, which increases with age, is par-
alleled by the progressive decrease in cellular
energy and metabolism as well as diminished
cellular function. The addition of ingredients to
anti-aging skin care that contain mitochondrial
cytoplasmic yeast extracts can result in the
stimulation of cellular respiration followed by
enhanced cellular metabolism, vitality, and in-
creased cell renewal.

2.12 Copper

Products containing copper have gained in-
creasing popularity in the anti-aging skin care
market over the past several years. In humans,
copper binds to the high-affinity tripeptide gly-
cyl-l-histidyl-l-lysine (GHK) to form a copper-
GHK complex [67]. This copper-GHK complex
plays a vital role in human tissue repair, and its
ability to accelerate wound healing has been
demonstrated both in vitro and in vivo. In addi-
tion, copper is a vital cofactor in the activation
of the powerful antioxidant enzyme superoxide
dismutase [68, 69].

The ability of the copper-GHK complex to
stimulate the production of both collagen and
glycosaminoglycans in a dose-dependent fash-
ion has been demonstrated in cell-culture stud-
ies of human fibroblasts. Other observations
include the fact that the copper-GHK complex
may also play a role in angiogenesis during
wound healing. The role of copper-GHK as an
anti-aging ingredient may be explained by its
role in wound healing and its ability to stimu-
late extracellular matrix proteins.

A number of clinical studies have been per-
formed using copper-GHK-containing prod-
ucts. Significant clinical improvements in pho-
toaged skin were demonstrated in patients
treated with facial and eye creams containing
the copper-GHK complex [70, 71]. These im-
provements include a decrease in skin wrink-
ling, laxity, and roughness. These changes, as
well as the lack of irritancy, give copper an
important role in the anti-aging skin care mar-
ket.

2.13 Peptides

Initially, peptides were derived from much larg-
er molecules, which were enzymatically cleaved
in order to isolate active fragments for use in
skin care. Proteolytically cleaved peptides are
still relatively large molecules.Advances in pep-
tide chemistry were made with the advent of
molecular biology. Molecular biology has ena-
bled us to learn the exact amino acid sequences
of molecules such as the matrix proteins type
IV collagen and laminin. Knowing the amino
acid sequence of these molecules enables the
production of peptides that are five to ten ami-
no acids in size.

The advantages of using tiny peptide frag-
ments is in their specificity. In fact, much of the
future of medicine including dermatology is in
the use of peptides that will be able to stimulate
or inhibit certain processes through receptor
recognition. Currently, two of the most well-
known peptides being used in skin care are pal-
mitoyl pentapeptides, also known as Matrixyl;
and acetyl hexapeptide-3, also known as Argir-
elene.
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Matrixyl is a pentapeptide that has been
used as a procollagen analog to stimulate colla-
gen production in skin. This procollagen penta-
peptide sequence was first described in 1993 as
being able to promote synthesis of types I and
III collagen and fibronectin when added to fi-
broblast cell cultures [72]. The sequence Lys-
Thr-Thr-Lys-Ser (KTTKS) has a fatty acid
moiety called palmitoyl added to it in order to
enhance its penetration in to the skin. Sederma
(Le Perray en Yvelines, France), the company
that holds the patents to pal-KTTKS (Matrixyl),
sponsored a study that was presented as a
poster at the 2002 World Congress of Dermatol-
ogy in Paris, France. In this 4-month study, pal-
KTTKS was able to decrease skin roughness by
27%, wrinkle volume by 36%, and wrinkle
depth by 27%. Skin biopsies demonstrated in-
creased density and thickness of elastin fibers
in the dermis with improvement in type IV col-
lagen. Studies performed by Sederma over 6
months using a cream containing 4% Matrixyl
were impressive. Wrinkle depth decreased by
68% over 6 months, and wrinkle density de-
creased by 28%, 31%, and 47% over 2, 4, and 6
months, respectively. According to testing, in
order to be effective at wrinkle reduction, Ma-
trixyl must be used at a minimum concentra-
tion of 2% and ideally between 4 and 8%.

Argirelene has been marketed as having a
relaxing effect on muscles and has therefore
been touted as an alternative to Botox.
Argirelene’s mechanism of action has been
studied in vitro and appears to inhibit vesicle
docking by inhibiting formation of the soluble
N-ethylmaleimide-sensitive fusion attachment
protein receptor complex (SNAP) [73, 74]. By
inhibiting SNAP formation, Argirelene inhibits
the release of catecholamines, including epi-
nephrine and norepinephrine, in vitro. Clinical
studies are rather limited at this time, and pen-
etration in vivo has yet to be determined. One
study using Argirelene around the eye area
found a 17% improvement in periorbital rhy-
tides after 15 days and a 27% improvement after
30 days. According to studies from the compa-
ny, Argirelene should be used at a 10% concen-
tration for optimal results.

2.14 Conclusion

The field of anti-aging cosmetic ingredients has
progressed from that of cosmeceuticals to cos-
moleculars™. Much work still needs to be done,
including developing assays in vitro that emu-
late actual chronologically aged skin. Thus far,
all aged skin that is studied in cell culture is
aged by UV irradiation, which is a photoaging
model. In addition, when looking at collagen-
promoting behaviors, fibroblast cell cultures do
not emulate skin; skin is not in a state of active
wound healing and fibroblast expansion under
normal circumstances.

The use of growth factors in skin care,
though sold in many products, is still quite ear-
ly in its development. There is only one growth
factor that is FDA approved for clinical use in
wound healing, and that is platelet-derived
growth factor (PDGF). It took approximately 35
years for the approval of PDGF, and yet many
other growth factors are being used in skin
care. Far more work needs to be done to prove
they penetrate the skin as they are quite large.
After proving skin penetration, safety must be
of primary concern since there are multiple re-
ceptors that are up- and down-regulated.We do
know what some of these receptors are; howev-
er, there are many more that remain unknown.
Therefore, much more work needs to be done
in this area.

As our knowledge and technology continue
to grow, so will our use of peptide fragments
and DNA oligopeptides. This is the cosmolecu-
lar™ connection of skin care still in its infancy
but which points to an exciting future.
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