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osmeceuticals
hristine M. Choi, MD,*,† and Diane S. Berson, MD*,†

The aging population and a desire to maintain a youthful appearance have propelled the
recent surge in the U.S. cosmeceuticals market. The rapidly growing number of products
claiming to diminish fine lines and wrinkles, decrease redness, smooth texture, and fade
discoloration has lead to much confusion and misinformation among dermatologists and
consumers alike. Cosmeceuticals can be a useful adjunct to prescription medications and
office procedures. Therefore, it behooves us as dermatologists to understand the science
behind these products to better educate ourselves and our patients. We present an update
of the following categories of cosmeceuticals: antioxidants, growth factors, peptides,
anti-inflammatories/botanicals, polysaccharides, and pigment-lightening agents.
Semin Cutan Med Surg 25:163-168 © 2006 Elsevier Inc. All rights reserved.
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s Americans are living longer, we are obsessed with di-
minishing the visible signs of chronological and photo-

ging. One manifestation of this obsession is that in 2005, the
.S. cosmeceutical market was estimated to be $12.5 billion,
ith the potential to exceed $16 billion by 2010.1 Hundreds
f products are marketed to diminish fine lines and wrinkles,
ecrease redness, smooth texture, fade discoloration, and
ive a more youthful appearance to the skin. Patients are
xposed to marketing materials from companies that promise
esults that rival, or even better than, those of botulinum
oxin injections and other rejuvenating procedures. These
roducts are among the heterogeneous group of products
ollectively referred to as “cosmeceuticals.”

What is a cosmeceutical? The term is attributed to Dr.
lbert Kligman, who identified a hybrid category of products

ying on the spectrum between drugs and cosmetics. It is now
ommonly used to describe a cosmetic product that exerts a
harmaceutical therapeutic benefit but not necessarily a bio-

ogic therapeutic benefit. The difference between a drug and
cosmeceutical is that the former is defined by having a

iological effect on living tissue.2 Another important distinc-
ion is that cosmeceuticals are not regulated by the U.S. Food
nd Drug Administration (FDA) and, thus, are not subject to
remarket requirements for proof of safety or efficacy. Cos-
eceutical products often are tested through in vitro studies
sing silicone replicas of skin and, at best, clinical trials are
mall, open-label studies usually supported by the cosmetic
ompanies themselves. The rigorous testing required for
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Department of Dermatology, Weill Medical College of Cornell University,
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ddress reprint requests to Diane S. Berson, MD, 211 East 53rd Street, New
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harmaceuticals is not mandatory for cosmeceutical prod-
cts.
The recent explosion and fast-paced growth of the cosme-

eutical market have left both consumers and dermatologists
onfused. Patients often receive unregulated information and
fficacy claims for products from the internet and the media.
oreover, because many ingredients often are derived from

lants, consumers may have a false sense of security that
hese “all-natural” products do not have potential adverse
ffects. In some instances, these products may not achieve the
esults they claim but they offer some benefit to the skin
hrough an emollient effect. Indeed, it is often difficult to
eparate the effects of the moisturizer vehicle from the effects
f the added active ingredient in cosmeceuticals.
It is important for dermatologists to understand the theo-

etical mechanisms of action of cosmeceuticals. Such infor-
ation will enable dermatologists to be better equipped to
elp patients navigate the often muddy waters of the ever-
rowing sea of products and to manage realistic expectations
s they consider adding cosmeceuticals to their skin care
egimen. Considerable overlap exists in the purported ac-
ions of various products presently on the market. This
pdate will divide cosmeceuticals into the following broad
ategories: antioxidants, growth factors, peptides, anti-
nflammatories/botanicals, polysaccharides, and pigment-
ightening agents.

ntioxidants
xidative stressors create inflammatory molecules that lead

o the formation of free radicals species. These free radicals
re highly reactive molecules with unpaired electrons, and

hey can cause cellular damage to cell membranes, lipids,
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164 C.M. Choi and D.S. Berson
roteins, and DNA. Damage to DNA eventually results in
ollagen breakdown. Free radicals also play a role in 3 addi-
ional detrimental processes: inflammation, photodamage,
nd carcinogenesis. Antioxidants neutralize damaging free
adicals by quenching reactive molecules and, thus, protect-
ng cells from both endogenous stress (byproducts of cellular
nergy) and exogenous stressors (ultraviolet [UV] light, pol-
ution, cigarette smoke).

Antioxidants comprised a group of diverse molecules in-
luding, but not limited to, vitamins (A, B, C, E), alpha lipoic
cid (ALA), Coenzyme Q-10 (CoQ-10), idebenone, polyphe-
ols, and kinetin. They vary in their abilities to protect
gainst inflammation, photodamage, and carcinogenesis.

Vitamin A, or retinol, is an antioxidant member of the
etinoid family, which includes tretinoin. It has been studied
xtensively for treatment of photodamage and acne. Avail-
ble by prescription, tretinoin improves fine wrinkles by in-
reasing collagen production. Retinol is a cosmeceutical with
ess biological activity than tretinoin that is also is less poten-
ially irritating. Application of retinol can increase epidermal
ater content, epidermal hyperplasia, and cell renewal while

nhancing collagen synthesis.3 Retinol also interferes with mel-
nogenesis and inhibits matrix metalloproteinases (MMPs),
hich are involved in collagen breakdown. The clinical benefits

nclude a reduction in the appearance of fine lines and wrinkles
nd lightening of lentigines. Retinol can be less irritating than
he prescription retinoids so for patients who might not tolerate
prescription retinoid, they might be able to tolerate an over-

he-counter retinol. The over-the-counter retinol will be better
olerated for those who might be sensitive and will still be help-
ul but not as efficacious as a prescription.

The vitamin B complex includes niacinamide (Vitamin B3)
nd panthenol (provitamin B5). Topical B vitamins have been
tudied for treatment of acne, wounds, and bullous pemphi-
oid and for preventing photocarcinogenesis. The mecha-
isms of action for these vitamins have not been completely
lucidated. Niacinamide is a precursor of NAD(P) as well as
ts reduced form NAD(P)H, which are potent antioxidants.
opical niacinamide has been shown to have antitumor ac-

ivity on keratinocytes and to suppress UVB-induced photo-
arcinogenesis in vitro.4 Niacinamide improves the lipid bar-
ier component of the epidermis by increasing ceramide and
ree fatty acids, as well as the epidermal barrier proteins such
s keratin, filaggrin, and involucrin. This results in a decrease
n transepidermal water loss. Like Vitamin A, niacinamide is
hought to stimulate collagen synthesis by fibroblasts. It can
nhibit melanosome transfer from melanocytes to keratino-
ytes and subsequently reduce melanin content in the skin.
nother benefit is the reduction of skin yellowing or sallow-
ess by preventing oxidative glycation of proteins. Overall,
he use of niacinimide results in improvements in skin tone
nd texture, decreases of fine lines and wrinkles, and dimin-
shed hyperpigmentation. Topical niacinamide is well toler-
ted and typically does not induce skin irritation responses.5

Panthenol is a water-soluble cosmeceutical that easily pene-
rates the stratum corneum and is a humectant. It is a precursor
o pantothenic acid, a cofactor in lipid biosynthesis, and it pro-

otes lipid synthesis to improve the barrier function of the skin. a
anthenol also promotes fibroblast proliferation and epidermal
e- epithelialization to promote wound healing. Finally, it has
nti-inflammatory and antipruritic effects.6

Vitamin C (ascorbic acid) is a water-soluble antioxidant
hat is essential for collagen biosynthesis. It confers both pho-
oprotective and antioxidant effects. Various clinical studies
ave investigated its use to improve the signs of photodamage.7

n a double-blind placebo-controlled split-face trial using a for-
ulation of 10% L-ascorbic acid and 7% tetrahexyodecyl

scorbate versus an inactive polysilicone gel, Fitzpatrick and
ostan8 showed a statistically significant decrease in photo-
ging on cheeks and perioral skin. Skin biopsies showed an
ncrease in grenz zone collagen and increased mRNA for type
collagen. The necessary role of vitamin C in collagen bio-
ynthesis makes it important for wound healing. In addition,
itamin C may inhibit elastin biosynthesis by fibroblasts,
hich may reduce solar elastosis of photoaged skin.9 Vitamin
also has anti-inflammatory properties. Finally, it inhibits

yrosinase and decreases melanogenesis, which may contrib-
te to clinical lightening of melasma and lentigines.7

Vitamin E (�-tocopherol) is lipid soluble and, when taken
rally, it protects membrane lipids from peroxidation. In the
kin, it has been shown to decrease sunburn cells after UV
xposure, neutralize free radicals, and also act as a humec-
ant. There is substantial evidence that combining topical
itamins C and E enhances their individual antioxidant as
ell as photoprotective effects.10

Alpha lipoic acid (ALA) is a lipoamide synthesized in the
itochondria of plants and animals. It is a scavenger of reac-

ive oxygen species and a metal chelator. ALA regenerates
ndogenous antioxidants such as Vitamins C and E, glutathi-
ne, and ubiquinol. ALA is both water and lipid soluble,
llowing it to penetrate lipophilic cell membranes and enter
he aqueous intracellular matrix. The molecule prevents lipid
eroxidation, has anti-inflammatory properties, and acts as
n exfoliant. In a split face study, topical 5% ALA applied
wice daily for 12 weeks decreased skin roughness, lentigi-
es, and fine wrinkles.11 Notably, ALA does not protect
gainst UV-induced erythema or reduce the number of sun-
urn cells.
CoQ-10, or ubiquinone, is a fat-soluble antioxidant lo-

ated in the inner mitochondrial membrane of nearly all liv-
ng cells that is necessary for steps in adenosine triphosphate
ATP) production for cellular energy. It acts by downregulat-
ng MMPs. CoQ-10 also inhibits lipid peroxidation in plasma
ell membranes.12 There is good in vitro evidence that
oQ-10 can decrease periorbital wrinkles.13

Idebenone is a more potent synthetic analog of CoQ-10
hat is a powerful antioxidant. In an in vitro comparison of
ntioxidants (including idebenone, tocopherol, kinetin, ubiqui-
one, ascorbic acid, and lipoic acid) idebenone scored highest
sing 5 different assays to measure anti-inflammatory proper-
ies, photoprotective effects, and prevention of UV immuno-
uppression.14 It may repair mitochondrial DNA and de-
rease nuclear thymine dimer photoproducts. Like other
ntioxidants, idebenone downregulates MMP expression.
verall, it may improve roughness, dryness and fine lines,
nd increase hydration.15
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Cosmeceuticals 165
Polyphenols are plant-derived antioxidants that have anti-
nflammatory, photoprotective, and anticarcinogenic prop-
rties. Flavonoids are a subgroup of polyphenols that are
opular ingredients in many cosmeceuticals. They include
rape seed extract, green tea extracts, and soy isoflavones.
rape seed extract can induce vascular endothelial growth

actor expression on keratinocytes to enhance dermal wound
ealing.16 Green tea extracts such as epigallocatechin 3-allate
ave been shown to decrease levels of UVB damage, DNA
amage, sunburn, and erythema. In one study, epigallocat-
chin 3-allate increased epidermal thickness by inducing
roliferation of keratinocytes. However, a recent double-
linded, placebo-controlled trial testing a combination regi-
en of 10% green tea cream and 300 mg twice-daily green

ea oral supplementation for 8 weeks detected no significant
linical changes.17 Soy isoflavones include genistein and
aidzein. These are antioxidants with anti-inflammatory and
nticarcinogenic properties. Isoflavones function as phy-
oestrogens, which increase skin thickness through an estro-
enic effect.10 Fresh soy milk contains 2 serine protease in-
ibitors: soybean trypsin inhibitor (STI) and Bowman-Birk

nhibitor (BBI). STI inhibits melanosome transfer to keratin-
cytes, which can lighten the skin. BBI inhibits hair growth
resumably as an inhibitor of ornithine decarboxylase. Other
avonoids will be discussed with the botanicals.
Kinetin, or N6-furfuryladenine, is a plant- derived syn-

hetic growth hormone that may have significant antioxidant
roperties and photoprotective effects. In an open-label 24-
eek study, topical application of 0.1% kinetin improved the

ppearance of fine wrinkles, color, texture, and blotchiness.18

rowth Factors
rowth factors comprise a large group of regulatory proteins

hat attach to cell surface receptors to mediate inter- and
ntracellular signaling pathways. Wound healing relies on a
omplex interaction of various cytokines and growth factors.
rowth factors relevant to wound healing may induce new
ollagen, elastin, and glycosaminoglycan formation and me-
iate angiogenesis. Fitzpatrick and coworkers19 studied the
ffect of a mixture of growth factors applied to photodam-
ged skin for 60 days. In this study, 11 of the 14 patients
68.6%) showed clinical improvement in wrinkle scores. Mi-
roscopic evaluation revealed that 37% showed new collagen
ormation in the grenz zone, and 27% showed epidermal
hickening. One human growth factor presently used in cos-
eceuticals is transforming growth factor-�1, which is de-

ived from cultured fibroblasts harvested from neonatal fore-
kin. Advances in biotechnology have lead to further
roducts such as processed skin cell proteins (PSPTM) har-
ested from fetal cell lines.20 Other growth factors include
lacental extract, recombinant epidermal growth factor, and
latelet- derived growth factor.

eptides
eptides are short amino acid sequences that are components

f larger proteins, such as collagen. The theoretical benefits of a
pplying peptides to the skin were discovered during wound
ealing research.
Copper is a metal that enhances wound healing and angio-

enesis. It is an essential cofactor for collagen and elastin
ormation, downregulates MMPs, and reduces the activity of
ollagenase. Copper is a required cofactor for the enzyme
uperoxide dismutase, a powerful antioxidant. Peptides may
e used to stabilize and deliver copper into cells. For exam-
le, the tripeptide glycyl-L-histidyl-L-lysine-copper complex

s used as a copper vehicle. As a cosmeceutical, copper pep-
ide is thought to improve skin firmness and texture, fine
ines, and hyperpigmentation.21

Amino peptides are produced during wound healing. Pal-
TTKS is a procollagen pentapeptide fragment that stimu-

ates collagens I and III and fibronectin production by fibro-
lasts in vitro.22 Conjugation of palmitic acid to pal-KTTKS
Palmitoyl-Pal-KTTKS) imparts lipophilic properties that fa-
ilitate stratum corneum penetration. In a double- blind, ve-
icle- controlled study of 49 women, Pal-KTTKS (3 ppm)
pplication twice daily for 4 months was shown to decrease
kin roughness by 13%, wrinkle volume by 36%, and wrin-
le depth by 27%.23

Acetyl hexapeptide-3 (argireline) is a synthetic peptide
hat inhibits SNARE complex formation, which is involved in
ynaptic vesicle exocytosis in vitro.24 One open-label trial of
% argireline cream applied twice daily on 10 women dem-
nstrated a 27% improvement in periorbital rhytides after 30
ays as measured by silicone replica analysis.25 Theoretically,
rgireline may mimic the effects of botulinum toxin injec-
ions. Although a promising idea, it has yet to be proven
hether this topically applied agent can penetrate to the level
f the neuromuscular junction.
Dimethylaminoethanol is a membrane stabilizer that pur-

ortedly improves facial muscle tone by releasing acetylcho-
ine. It has been used as a homeopathic oral supplement to
nhance mental and physical performance and is found in
igh concentration in salmon. A multicenter placebo-con-
rolled trial of 156 patients with moderate photodamage ap-
lying 3% topical dimethylaminoethanol gel for 16 weeks
howed some evidence of skin firming in perioral, perior-
ital, and cheek skin.26

ntiinflammatories/Botanicals
umerous cosmeceuticals have been researched to treat sen-

itive skin, skin affected by rosacea, and photodamage to
educe the redness associated with inflammation.

Licochalcone A, from the licorice plant Glycyrrhiza inflata,
as anti-inflammatory properties. The mechanism of action

s thought to be dual inhibition of cyclo-oxygenase and li-
oxygenase, thereby reducing proinflammatory cytokines
nd UVB-induced prostaglandin E2 release by keratino-
ytes.27 One clinical study of 62 adults with mild-to-moder-
te erythematotelangiectactic rosacea who used topical lico-
halcone A products daily for 8 weeks showed statistically
ignificant decreases in erythema and improvements in Qual-
ty of Life Index scores.28 Licochalcone A is not an antioxidant

nd therefore is not used for antiaging.
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166 C.M. Choi and D.S. Berson
Lycopene is a carotenoid that gives tomatoes their charac-
eristic red color. It has potential antioxidant and anti carci-
ogenic effects both orally and topically. Lycopene is thought
o prevent prostate cancer when ingested orally.29 On the
kin, it is protective against UVB photodamage by preventing
VB-induced apoptosis.30

Pycnogenol is an extract of the French maritime pine bark
ree, Pinus pinaster. It has multiple biological effects, includ-
ng antimicrobial,31anti-inflammatory, antioxidant, and anti-
arcinogenic properties.32 Pycnogenol may accelerate wound
ealing and reduce scar formation,33 as well as stabilize elas-
in fibers.34 It decreases erythema after UV radiation35 and
mproves UV-induced pigmentation.36 In addition, it reduces
he vitamin C radical which, in turn, regenerates vitamin E,
hus recycling the endogenous antioxidant enzyme system.

Silymarin is found in the milk thistle plant, Silbum mari-
num, and is touted to decrease the erythema of rosacea. It is
polyphenolic flavonoid that inhibits UVB-induced sun-

urn, apoptotic cell formation, and edema.37 Its anti- inflam-
atory effect is caused by the inhibition of COX-2 and IL-1�.

ilymarin also has anticarcinogenic effects and has been
hown to reduce pyrimidine dimer formation in murine
odels.38

Quercetin is a flavonoid found in many common fruits and
egetables that is thought to have antioxidant, anti- inflamma-
ory,39 and anticarcinogenic effects.40 It counters inflammation
y inhibiting lipoxygenase and COX-2. In addition, querce-
in is an antihistamine that inhibits histamine release from
asophils and mast cells.
Allantoin is derived from the comfrey root and is now

ommercially manufactured by the alkaline oxidation of uric
cid in a cold environment.41 This botanical has a number of
outed effects on the skin. It is an antioxidant, anti-inflam-
atory agent, and a soothing keratolytic. Allantoin also in-
uces cell proliferation, promotes repair of photodamage,
nd reduces UV-induced inflammation.42

Chamomile and aloe vera are botanicals that inhibit cyclo-
xygenase and lipoxygenase and are soothing anti-inflamma-
ory agents. In a clinical study, topical chamomile cream was
ound to be superior to 0.5% hydrocortisone in the treatment
f dermatitis and sunburn by significantly decreasing wound
rea and healing time.43 Aloe vera is purported to reduce
nflammation and enhance wound healing.41 It also has anti-
acterial, antifungal, and viricidal properties.42

Feverfew, a botanical folk remedy for fevers and inflam-
ation, is an antioxidant/anti-inflammatory booster that in-
ibits nuclear factor-�B-dependent gene transcription in a
anner similar to that of corticosteroids. In a randomized
ouble-blind study evaluating twice-daily application of a
oisturizer containing feverfew in 31 women with sensitive

kin, significant improvements in erythema, tactile rough-
ess, and overall irritation were reported during the 3-week
tudy duration.44

Curcumin is derived from the herb turmeric (Curcuma
omestica), which is used to flavor and color curry in foods. It
as antioxidant, anticarcinogenic, antimicrobial, and anti-

nflammatory effects. Studies show that curcumin’s anti-in-

ammatory effects are mediated through the inhibition of
ipoxygenase and cyclo-oxygenase, prostaglandins, and var-
ous proinflammatory cytokines. Curcumin can also inhibit
ollagease, elastase, and hylauronidase. Whether application
f topical curcumin may improve the signs of photoaging is
et to be determined in clinical studies.42

olysaccharides
olysaccharides include the family of hydroxy acids: alpha
ydroxy acids (AHA), beta hydroxyl acids (BHA), and poly-
ydroxy acids (PHA). The AHAs include glycolic acid
grapes), lactic acid (milk), malic acid (apples), and citric acid
citrus fruits) among others. They are considered to be kera-
olytics because they diminish corneocyte adhesion in the
ower levels of the stratum corneum, allowing exfoliation and
mprovement in skin dullness. They also function as humec-
ants, possibly by increasing dermal glycosaminoglycans,45 as
ell as improve stratum corneum barrier function.46 The

xact mechanism of action of AHAs is not known.
BHAs, such as beta-lipohydroxyacid and tropic acid, are

xfoliants appropriate for acne prone and oily skin. Salicylic
cid was once thought to be a BHA, but it is structurally a
henolic aromatic acid. Its lipophilic structure allows it to
enetrate into the sebaceous follicles, thus making it useful
or patients with oily skin. Salicylic acid is available in a wide
ange of concentrations.

PHAs can hydrate, moisturize, as well as exfoliate the skin.
hey include gluconolactone, which may protect against UV
adiation in vitro,47 and lactobionic acid, which is both an
ntioxidant and a humectant. Because of their large size,
HAs do not penetrate the skin as easily and are therefore less

rritating to sensitive skin.48

igment Lightening
he popularity of pigment-lightening cosmeceuticals stems

rom the desire to not only fade pigmentation but also to even
ut skin tone. Perhaps the most commonly use pigment-
ightening agent is hydroquinone, which works by inhibiting
yrosinase activity. Tyrosinase is the rate-limiting, essential
nzyme in the biosynthesis of melanin. It is available both in
ver-the-counter and in prescription strengths, and it is often
ombined with other agents such as retinol, AHAs, vitamin
, and topical steroids.49 Side effects include an irritant con-

act dermatitis and, more rarely, exogenous ochronosis.
Kojic acid is a fungal derivative commonly used in Japan

hat has been shown to decrease melanin content via tyrosi-
ase inhibition in vitro. It also decreases melanin content in
elanocytes and is an antioxidant.50 One disadvantage is that

t can be irritating and is known to cause true hypersensitiv-
ty.51 Like hydroquinone, it is often combined with other
osmeceutical agents or with topical steroids to reduce irri-
ation.

Glabridin is the main active ingredient in licorice extract
nd can inhibit tyrosinase activity.49 In addition, glabridin
as anti- inflammatory properties attributed to cyclooxygen-
se inhibition.52
Ellagic acid is a polyphenol widely found in plants such as
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Cosmeceuticals 167
omegranates, which inhibits tyrosinase by chelating copper
t the active center of this enzyme. It may selectively inhibit
elanin synthesis only in UV-activated melanocytes. Fatty

cids such as linoleic acid act by tyrosinase degradation with-
ut toxic effects on melanocytes.53

Many of the cosmeceuticals already described also have
igment-lightening effects. Vitamins C and E decrease tyrosi-
ase activity. Pycnogenol decreases UV-induced pigmenta-
ion. Niacinamide (B3) inhibits transfer of melanosomes to
pidermal keratinocytes. Finally, the 2 serine protease inhib-
tors found in soy, BBI and STI, can reduce melanin transfer.

onclusion/Future Directions
onsumer-driven demand has lead to development of prod-
cts to counteract the signs of aging skin, to decrease ery-
hema, and to even out tone and pigmentation. These cosme-
euticals can help protect the skin from photodamage and in
ome ways repair it through stimulation of new collagen pro-
uction. Using them in conjunction with sunscreens and
rescription retinoids may enhance results when used as an
djunct to rejuvenating procedures. They can also help to
ncrease tolerability of retinoids by improving the epidermal
arrier. With different cosmeceuticals being touted to impart
ifferent effects, an upcoming trend will be the multifunc-
ional cosmetic.54 Future research in wound healing and bio-
echnology will serve to expand this field.
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