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BACKGROUND 

The world of cosmeceuticals exists as a 
gray zone between cosmetics and pharmaceu- 
ticals. A cosmeceutical is a cosmetic product 
whose active ingredient is meant to have a 
beneficial physiologic effect resulting from an 
enhanced pharmacologic action when com- 
pared with an inert cosmetic. Although the 
focus of this article is not primarily on the 
regulatory and legal aspects of cosmeceuti- 
cals, reviewing some of the history in these 
areas is important so that the practicing der- 
matologist can understand the concepts be- 
hind the marketing of these products. 

Currently, in the United States, there is no 
legal definition of a c o s m e c e u t i c ~ l . ~ ~  Reviewing 
the Food and Drug Cosmetic Act of 1938, a 
Cosmetic is defined as ”an article intended to 
be rubbed, poured, sprinkled, sprayed on, in- 
troduced into, or otherwise applied to the 
human body or any part thereof for cleansing, 
beautifying, promoting attractiveness, or al- 
tering the appearance.” A drug is defined as 
”articles intended for use in the diagnosis, 
cure, mitigation, treatment, or prevention of 
disease in man.” In practice, it is the claims 
made for the product that dictate whether the 
product is classified as a cosmetic or a drug 
and not necessarily its components. These 
claims refer specifically to the intended use 
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of the product: Is the product intended to 
treat a disease? It is possible for a product to 
be classified as a cosmetic and a drug de- 
pending on its intended use. What drives the 
underlying marketing of cosmeceuticals? 
Companies wish to sell products that can be 
marketed as pharmacologically active in the 
skin without crossing the line that would 
force them to undergo the rigorous and ex- 
pensive testing that is required for classifica- 
tion as a drug. The burden of labeling disclo- 
sure is greater for a manufacturer of a drug 
than for a manufacturer of a cosmetic, and 
drugs must establish minimum good manu- 
facturing practices for each batch of finished 
product in regards to their active ingredient. 
Additionally, in the United States, there is a 
third category, over-the-counter (OTC) drugs, 
about which the Food and Drug Administra- 
tion (FDA) has published monographs. OTC 
skin drugs include sunscreens, antiperspi- 
rants, and some acne products. 

Looking closely at the definition of a drug, 
one can see that if the interpretation were 
stringent, many everyday topical skin care 
products would meet this definition (e.g., 
moisturizers can affect the water-holding ca- 
pacity of the stratum corneum). The claims 
made in advertising are carefully worded so 
as not to invite FDA scrutiny, and the in- 
tended use becomes i m p ~ r t a n t . ~ ~  If the inten- 
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tion is to enhance appearance, the products 
are classified as cosmetics. If the intention is 
to treat disease, the products are classified as 
drugs. The definition of what is a disease (i.e., 
a pathologic state) and what is not a disease 
also has fine distinctions. Is aging or pho- 
toaging a disease? There are many products 
used in dermatology and in many other fields 
of medicine that attempt to counter the effects 
of aging on various organ systems. In derma- 
tology, most cosmeceutical products are 
aimed at protecting skin from ongoing delete- 
rious effects of UV light or at reversing the 
effects of a lifetime of photodamage. 

The FDA has taken few aggressive regula- 
tory actions against manufacturers of cosmec- 
euticals. This does not mean that the FDA is 
uninterested in this area. Most likely, the 
agency will aim most of its efforts at ensuring 
these products are not harmful, rather than 
investigating the creditability of the efficacy 
claims. This situation is analogous to the 
FDA’s oversight of nutruceuticuls (i.e., en- 
hanced dietary  supplement^).^^ 

This article outlines several areas in which 
the practicing dermatologist is qualified 
uniquely to assess the potential benefits of 
cosmeceuticals, then elaborates on each of 
these areas with examples of specific prod- 
ucts. Every week in practice the author sees 
patients who ask, “Are these products bene- 
ficial?” or come in with a bag full of products 
they are using. Responding to these queries 
with clinically and scientifically accurate ad- 
vice is a challenge that requires knowledge of 
the structure and function of human skin. 
When asked to evaluate a new cosmeceutical 
product that claims a beneficial physiologic 
effect, it is important to ask three questions: 

1. Can the active ingredient penetrate the 
stratum corneum and be delivered in 
sufficient concentrations to its intended 
target in the skin over a time course 
consistent with its mechanism of action? 

2. Does the active ingredient have a spe- 
cific biochemical mechanism of action in 
the target cell or tissue in human skin? 

3. Are there published peer-reviewed, dou- 
ble-blinded, placebo-controlled, statisti- 
caily significant clinical trials to substan- 
tiate the efficacy claims?4 

CAN THE ACTIVE INGREDIENT 
PENETRATE THE STRATUM 
CORNEUM AND BE DELIVERED IN 
SUFFICIENT CONCENTRATIONS TO 
ITS INTENDED TARGET IN THE SKIN 
OVER A TIME COURSE CONSISTENT 
WITH ITS MECHANISM OF ACTION? 

The stratum corneum is an effective barrier 
to transepidermal water loss and to penetra- 
tion of exogenous substances. When deliv- 
ered in standard topical vehicles without pen- 
etration enhancers, a variety of substances 
cannot penetrate through the stratum cor- 
neum to affect the deeper living basal layers 
of the skin. These substances include proteins, 
sugars, peptides and nucleic acids with a mo- 
lecular weight greater than approximately 
1000 kd, and highly charged molecules. Many 
products of this type are currently marketed 
through physicians or directly to the con- 
sumer. One need not progress to the stage 
of clinical trials to suspect that these active 
ingredient marketing claims have little basis 
in scientific reality. 

For example, topically applied hyaluronic 
acid is found in many cosmeceutical moistur- 
izers. It has not been shown that hyaluronic 
acid penetrates through the stratum corneum. 
It increases cutaneous water-holding capacity; 
but does not have any other pharmacologic 
effects in human skin? This situation awaits 
further re~earch.2~ 

Even if the topical agent can penetrate the 
stratum corneum, can it elicit an effect on 
deeper skin structures (i.e., dermis or subcu- 
taneous tissue)? What is the desired structural 
target for the claim: Is it the epidermis or the 
dermis? Can the product penetrate in a high 
enough concentration to produce the desired 
effect? Once in the dermis, many molecules 
are diluted rapidly by the cutaneous microcir- 
culation with little clinical effect. The claims 
regarding topical cellulite treatment are an 
example. Most likely, cellulite represents a 
herniation of the subcutaneous fat into the 
dermis, secondary to dermal connective tis- 
sue degeneration. This is a deep process, and 
the application of topical agents is unlikely to 
affect cellulite (i.e., reverse a major structural 
defect or repair connective tissue at such a 
deep layer in the skin).30 
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DOES THE ACTIVE INGREDIENT 
HAVE A SPECIFIC BIOCHEMICAL 
MECHANISM OF ACTION IN THE 
TARGET CELL OR TISSUE IN 
HUMAN SKIN? 

If the agent can meet the first criterion (pen- 
etration of the stratum corneum), the second 
question must be: Is there a feasible biochemi- 
cal or pharmacologic mechanism of action for 
this active ingredient to substantiate the effi- 
cacy of the marketing claim? If a feasible bio- 
chemical or pharmacologic mechanism of ac- 
tion exists, and the product can reach its 
target at sufficient concentrations for sus- 
tained times, the product is deserving of fur- 
ther clinical experimentation. It is possible 
that some of these products have mechanisms 
that are currently unknown, requiring future 
research. 

For example, vitamin K (phytonadione), 
has a known biochemical mechanism of ac- 
tion in the liver. It is a cofactor in the enzy- 
matic carboxylation of glutamate residues on 
a variety of hepatic enzymes that affect blood 
clotting. Vitamin K is now being marketed 
topically as a substance that speeds the reso- 
lution of endogenous purpura (solar purpura) 
and iatrogenic purpura (after cosmetic proce- 
dures such as laser procedures).z2 Purpuru re- 
fers to extravasated red blood cells and their 
associated hemoglobin breakdown products 
deposited in the dermis. What is the mecha- 
nism of action of vitamin K for this claim in 
skin? This question should raise a specter of 
doubt until evidence is presented explaining 
the mechanism of action. 

Another example is topically delivered cop- 
per,5 a cofactor in a variety of enzymatic reac- 
tions, specifically for lysyl oxidase in the 
cross-linking of collagen and elastin in skin. 
Does supplying excess copper to the skin give 
added benefit? Cofactors do not exponen- 
tially increase the velocity of an enzymatic 
reaction, but rather the velocity plateaus at a 
given level of cofactor substrate and enzyme. 
Unless the available concentration of cofac- 
tors is low, supplying excess copper has no 
added benefit. Is the endogenous reservoir of 
copper the rate-limiting substance in human 
skin for these reactions? This situation has 
not been shown. 

Most pharmacologically active drugs have 
mechanisms of action that involve effects on 
cellular macromolecular components that reg- 
ulate physiologic functions (i.e., enzyme inhi- 
bition or activation, effects on receptors for 
molecules involved in signal transduction or 
cell communication, or on gene activation.28 
It is important for the dermatologist to be 
able to access the scientific literature, not only 
in medicine, but also in basic pharmacology 
and biochemistry, to verify that the claims 
made for the active cosmeceutical ingredients 
are backed by a well-defined body of evi- 
dence. 

One of the largest areas of interest in cos- 
meceuticals is topical vitamins and antioxi- 
dants. These include derivatives of vitamin A 
(retinol), vitamin C (ascorbic acid), and vita- 
min E (d-a-tocopherol). Vitamin C has a dual 
role as an antioxidant and an enzymatic co- 
factor. It is accepted in the field of aging 
research that oxidative stress is important in 
the aging process. UV light generates free 
radicals, reactive oxygen species that result in 
tissue damage and subsequent inflammatory 
responses,1o in the skin. These free radicals 
include superoxide anion radical, perhy- 
droxyl radical, and hydroxyl radical. Reactive 
oxygen species can damage not only proteins 
and nucleic acids, but also fatty acids found 
in cell membranes, by stimulating lipid per- 
oxidation. Topical antioxidants are thought 
to work by scavenging these reactive oxygen 
species. Human skin contains a number of 
endogenous antioxidants, such as glutathi- 
one, uric acid, and various enzymes, such as 
catalase and superoxide dismutase. The basis 
of antioxidant claims is that supplying excess 
levels above the endogenous level is benefi- 
cial for human skin. Although it is unlikely 
that the incorporation of these substances into 
topical ingredients could reverse preexisting 
photodamage, it is feasible that if they are 
present in topical products they could pre- 
vent ongoing damage. This argument is used 
to make claims for the effects of antioxidants 
on human skin when used as photopro- 
tectants. Because the deleterious effects of UV 
light occur in real time, however, the mole- 
cule must be present continually at a particu- 
lar concentration without being inactivated. 
If the photoprotectant claims of vitamins are 
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to be taken seriously, they should undergo 
the same rigorous testing as sunscreens. 

A few articles have been published on the 
effects of topically applied vitamins C and 
E on UV-induced erythema; however, more 
research is needed." 7, 9, lo, l3 Numerous topical 
vitamin C products are marketed; formula- 
tion is difficult, however, because the mole- 
cule is oxidized rapidly. The questions a der- 
matologist must ask regarding topical 
vitamin C therapy are: How often does it 
need to be applied to the skin, is there a 
reservoir within the stratum corneum, and 
does it penetrate rapidly into the dermis and 
stay there in sufficient concentration? Can it 
prevent some of the negative effects of UV- 
A damage on elastin and collagen? Topical 
applications probably would not provide in- 
creased concentrations of vitamins to the der- 
mis greater than what can be supplied orally; 
however, they may supply increased epider- 
mal concentrations. These areas warrant fur- 
ther research on a basic science and clinical 
level. 

Vitamins are organic substances that must 
be provided exogenously because they cannot 
be synthesized in humans, or their rate of 
synthesis is too low for maintenance of nor- 
mal metabolic processes. In most cases, vita- 
mins are cofactors in a variety of enzymatic 
reactions. Their role was discovered by pa- 
thology seen only in states of severe deple- 
tion. It has not been unequivocally shown in 
normal individuals that above the minimal 
recommended daily allowance any extra 
pharmacologic benefits accrue from vastly in- 
creased ingested or topical applications of 
these substances. This is the case with nutra- 
c e ~ t i c a l s . ~ ~  Nutraceuticals are such a large 
business that a law, The Dietary Supplement 
Health and Education Act, was passed by 
Congress in 1994. Extensive testing of safety 
and efficacy was not required, and the burden 
of safety was on the manufacturer, not the 
FDA. Efficacy testing is not required because 
the assumption is that many of these products 
contain natural ingredients, the benefits of 
which are widely accepted. The craze for nat- 
ural products applied to the skin is every bit 
as avid as that for dietary supplements. Many 
of the same assumptions about efficacy are 

made: If a substance is found naturally in the 
body, either ingested in the diet or trans- 
formed metabolically in an organ system, its 
presumed benefits increase with ever-increas- 
ing doses. Manufacturers of dietary supple- 
ments in which active ingredients are present 
in small amounts in a complex mixture in 
their natural state can enrich or purify these 
substances so that they can be delivered at a 
higher concentration. The analogy to topically 
applied products is obvious. An herbal botan- 
ical whose benefit is implied through folk 
wisdom or tradition can be the source of a 
purified or enriched active ingredient. It does 
not have to meet the criteria of drug testing 
as long as the product is nonirritating and the 
manufacturer makes careful efficacy claims. 

Most of the efficacy claims for cosmeceuti- 
cals involve not only photoprotection, but 
also the reversal of photodamage. Many of 
these products claim to reverse wrinkles, 
tighten pores, eliminate brown spots, smooth 
the skin's surface, and provide a fresh youth- 
ful appearance. Because most of skin aging 
is photoaging,15 these products are making 
implied efficacy claims of photodamage re- 
versal. Such products should be held to a 
high standard for claim substantiation. Be- 
cause the histology and pathology of photo- 
aged skin are well known, it should be possi- 
ble to design human clinical trials to show 
proven efficacy. 

Another important dermatologic vitamin is 
vitamin A. Vitamin A and its derivatives (par- 
ticularly vitamin A acid) have effects on a 
variety of epithelial tissues. The basic science 
and clinical dermatologic literature has 
shown that vitamin A and its derivatives 
have marked effects in the epidermis and the 
dermis.3, 14, 15, 17, The basic biochemistry, mo- 
lecular biology, and pharmacology are well 
established for retinoic acid, which is classi- 
fied as a drug, but not well established for 
retinol (vitamin A alcohol), a cosmeceutical. 
Several articles have shown that retinol can 
produce some of the changes of retinoic acid 
in human skin.", 12* l9 More research is re- 
quired to show that the degree of clinical and 
pharmacologic efficacy is similar between the 
two agents before retinol can be recom- 
mended as a prescription substitute for reti- 
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noic acid. The situation with another retinoid, 
retinaldehyde, is also intriguingz9 There is 
evidence showing the conversion of retinol to 
retinaldehyde and ultimately to retinoic acid 
in human skin. It is not clear which agent 
is directly responsible for the clinical effects 
because there is some interconversion among 
them. Retinol and retinaldehyde may have 
some activity because they are metabolically 
converted into retinoic acid in human skin 
after topical application. The work done on 
vitamin A and its derivatives can be held as 
a standard for what research is needed in 
other classes of vitamins to show efficacy for 
reversal of photodamaged skin. 

The last example to be examined is the field 
of alpha-hydroxy acids. These agents have 
gained widespread use in clinical dermatol- 
ogy. If one looks at the medical literature 
critically, it is possible to conclude that these 
agents function as wounding agents that de- 
crease the adhesion between keratinocytes 
and promote desquamation of the stratum 
~orneum.~O Some articles suggest, however, 
that these molecules function as messengers 
of intercellular communication and may af- 
fect gene expression, as does vitamin A acid.’ 
21, 24, 25 On a biochemical level, there is no 
evidence that alpha-hydroxy acids function to 
regulate gene expression. Molecules that do 
affect gene expression, such as retinoids, 
work through molecular receptors and show 
specific and saturable kinetics. Additionally, 
their dose-response curve shows effects at na- 
nomolar concentrations, not the millimolar 
and molar concentrations used with alpha- 
hydroxy acids. These claims must be rejected 
until this evidence is forthcoming. 

ARE THERE PUBLISHED PEER- 
REVIEWED, DOUBLE-BLINDED, 
PLACEBO-CONTROLLED, 
STATISTICALLY SIGNIFICANT 
CLINICAL TRIALS TO 
SUBSTANTIATE THE EFFICACY 
CLAIMS? 

If a cosmeceutical can meet the first two 
criteria-the penetration of the stratum cor- 
neum and a feasible biochemical mechanism 

of action-it is important to undertake a dou- 
ble-blinded, placebo-controlled, statistically 
significant clinical trial to show the efficacy 
claims. Human clinical trials are expensive 
and difficult to design. Promising agents usu- 
ally are tested on mouse skin before proceed- 
ing to human trials. It should be possible to 
go to the scientific literature and review trials 
of these products tested first on animal 
(mouse) skin. Most published studies on cos- 
meceuticals in human skin are uncontrolled 
and are performed on small study groups. 
Manufacturers need to fund well-controlled, 
double-blinded clinical trials to show the ef- 
ficacy of these products (as has been done for 
retinoic acid) if they want to make claims on 
reversal of photoaging. 

An additional problem in human skin is 
that many of the claims have to do with ap- 
pearance. It is difficult to measure appearance 
clinically, which is highly subjective, and end- 
points are difficult to establish. Clinical trials 
should include the use of noninvasive instru- 
mentation, such as transepidermal water loss, 
skin elasticity, colorimetry, surface replica 
analysis, and other noninvasive techniques 
that can be used to assess efficacy claims. 
Pretreatment and posttreatment photography 
alone are not enough because there are seri- 
ous pitfalls in standardized clinical photogra- 
phy. Histology should be provided to sub- 
stantiate efficacy claims for the reversal of 
photoaging. Many of the published reports 
are anecdotal, have been done on small 
groups of patients, and statistical significance 
has not been established. 

SUMMARY 

The author uses kinetin, a plant-derived 
nucleotide,l, 26 as an example to summarize 
the approach to advising a patient on a new 
product. (1) Does it penetrate the stratum cor- 
neum? Topically applied nucleotides can pen- 
etrate human skin, and one of the most active 
and useful of these for the treatment of actinic 
keratoses, 5-fluorouracil (5-FU), is used 
widely in dermatology. 5-FU derives some of 
its benefit from its uptake, specifically in ac- 
tinic keratoses, which do not have a complete 
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epidermal barrier. The molecule is able to 
penetrate the stratum corneum. It is not clear 
that topically applied nucleotides have the 
same degree of penetration on photodamaged 
skin without actinic keratoses. (2) Is there a 
plausible biochemical mechanism of action? 
5-FU has a well-known mechanism of action 
(i.e., the inhibition of DNA/RNA synthesis 
by incorporation of a false pyrimidine ana- 
log). The mechanism of action for furfuryla- 
denine in human skin remains unknown and 
needs to be shown. If furfuryladenine func- 
tions as an antioxidant, it may be useful as a 
photoprotectant. This function does not ac- 
count for a mechanism of action for the rever- 
sal of photoaging, however. (3) Are there pub- 
lished peer-reviewed, double-blinded, 
placebo-controlled, statistically significant 
clinical trials to substantiate the efficacy 
claim? Peer-reviewed, double-blinded, statis- 
tically significant clinical trials on furfuryla- 
denine have not been published to date. 

The field of cosmeceuticals presents a quan- 
dary. The list of cosmeceuticals for the derma- 
tologist to assess grows longer each year. It is 
possible that some of the active ingredients 
are beneficial physiologically in human skin 
and that they can offer specific benefits, such 
as photoprotection. Further research needs to 
be conducted to validate these claims. It also 
is likely that a wide variety of molecules pur- 
ported to be active in human skin do not 
have any physiologic benefit in human skin. 
Only further research can answer these diffi- 
cult questions. 
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