
S
kin, the largest organ of the human body, pro-
vides a major interface between the environ-
ment and the body. As the outermost organ, 
the skin is exposed to an array of chemical 
and physical environmental pollutants and 

is equipped with an elaborate system of antioxidant  

substances and enzymes, including a network of redox-
active antioxidants. However, the normal aging process, 
as well as environmental stress, can strip the epidermis of 
these protective antioxidants. An important component of 
environmental stress, UV irradiation is a potent generator 
of oxidative stress in the skin. Chronic exposure of human 
skin to UV irradiation increases the cellular levels of reac-
tive oxygen species (ROS), which damage lipids, proteins, 
and nucleic acids in both epidermal and dermal cells and 
contribute to premature skin aging and photoaging. 

Antioxidants constitute an important group of phar-
macologically active agents capable of preventing the 
occurrence and reducing the severity of UV-induced skin 
damage and skin aging. This article focuses on contribu-
tion of oxidative damage in both extrinsic and intrinsic 
skin aging. Effects of both endogenously and exogenously 
supplied antioxidants in preventing skin aging and  
in vivo testing methodologies used to quantify the ben-
efits of antioxidants in skin aging are discussed.

Skin Aging: General Concepts
Skin aging is a complex biological process that is a con-
sequence of both intrinsic or genetically programmed 
aging that occurs with time and extrinsic aging caused by 
environmental factors. 
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Skin aging is a complex, progressive, time-dependent deterioration caused by intrinsic (genetically pro-

grammed mechanisms) and extrinsic factors or environmental factors. These 2 processes are biologically 

different, but combined they lead to all of the cutaneous changes associated with aging skin. Skin is 

equipped with an elaborate antioxidant system that protects it from oxidative damage due to intrin-

sic and extrinsic factors. However, the natural antioxidant pool can be compromised or overwhelmed. 

Topical antioxidants have been demonstrated to protect the skin from damaging free radicals produced 

intrinsically by normal cellular metabolism or through exposure to UV light. In this article, we will discuss 

the different approaches used to prevent oxidative stress, induced skin aging through protection by 

topical as well as dietary antioxidants. Testing approaches for the different classes of naturally derived 

antioxidants and future research possibilities are discussed.
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Intrinsic Versus Extrinsic Aging
Skin changes that accompany the normal process of aging 
are called intrinsic or chronological aging. Another way to 
think of this is biological (intrinsic) aging versus envi-
ronmental (extrinsic) aging; the gene expression changes 
associated with these 2 types of aging differ.1 In contrast, 
skin changes arising from external environmental causes 
is termed extrinsic aging.2 A major cause of this extrinsic 
aging is the damage caused by UV radiation from the  
sun (photoaging).

Intrinsic (Biological) Aging
Intrinsic (biological) aging results from a combination of 
events including decreased proliferative capacity of skin-
derived cells, decreased matrix synthesis in the dermis, 
and increased expression of the enzymes that degrade the 
dermal collagenous matrix. A sequence of events marks the 
onset of intrinsic aging. These events include: thinning and 
loss of much of skin’s elasticity; flattening of the boundary 
between the epidermis and the dermis; loss of much of the 
cellular and extracellular matrix components of the dermis 
and the atrophy thinning of the dermal compartment; and 
reduction in the number of blood vessels in the dermis 
and the collapse of capillaries. In addition, hair follicles 
and sweat glands are reduced in number and function. 
Structural protein components such as collagen, elastin, 
and glycosaminoglycan, the major ground substance of the 
dermis, and organelles such as mitochondria, are reduced. 
Their functions and DNA repair and telomere structure 
maintenance decline. Hormonal changes and balance also 
occur with chronologic aging.2

Extrinsic (Environmental) Aging
Extrinsic (environmental) aging of skin is a process 
caused by external factors, including UV radiation, 
cigarette smoking, air pollution, and exposure of skin 
to other environmental factors such as cold, heat, dust, 
and smog. Lifestyle choices such as diet, exercise, and 
sleep habits, as well as stress and diseases, also impact 
aging. The effects of unchecked oxidative stress include 
dysfunction of cells, mitochondria, electron transport, 
ribosomes, DNA, telomere repair, inflammation, cell 
membrane damage, immune dysfunction, and cancer. Of 
all extrinsic causes, UV radiation from sunlight has the 
most negative effects on the skin, although less so on skin 
of color. Because of this, extrinsic aging is often referred 
to as photoaging.3 

Photoaging is a slow process resulting from chronic 
exposure to solar UV radiation. The degree of photoaging 
is determined by the skin type and by the total lifetime 
sun exposure.  Episodic photoaging will eventually cul-
minate in permanent photoaging.4 In photoaged skin, 

the epidermis becomes less elastic and more fragile. The 
small blood capillaries in the dermis decrease in number, 
and the remaining blood vessels become tortuous and 
dilated. The elastic fibers degenerate, producing a thick-
ened mass that replaces the collagen (elastosis). Severely 
photodamaged skin results in warty or hyperkeratotic 
spots on the skin, called actinic keratoses, which could 
eventually develop into skin cancer.5

Daily, routine exposure to the sun, even in small 
doses, can lead to long-term effects that accumulate with 
time. Most damaging to human skin is UVB of the solar 
spectrum (290–320 nm). However, some exposure to UVB 
(eg, 15 minutes of evening sun) is necessary for adequate 
vitamin D production in the skin. Although less damaging 
than UVB, UVA (320–400 nm) is measured by sunburn 
(erythema) or damage to cell DNA, and penetrates skin 
deeper, causing damage to the dermis. UVA1 (340–400 nm) 
may be particularly damaging; UVB and UVA1 produce 
different changes in the gene expression and clinical 
appearance of photoaging. In addition, 20 times more UVA 
reaches the earth in the middle of a summer’s day than 
UVB. In addition, UVA contributes significantly to the total 
exposure, and since it penetrates deeper into the skin, it 
leads to deeper damage than UVB.6

Antioxidants and Skin Aging
Oxidative damage initiated by ROS is a major contributor 
to skin aging. Free radicals generated internally within 
the skin cell during normal oxidative metabolism or 
by external sources such as UV irradiation are major 
contributors for skin aging. Skin exposure to ionizing 
and UV radiation generates ROS in excessive quantities 
that can deplete tissue antioxidants and other oxidant- 
degrading pathways. Uncontrolled release of ROS is 
involved in the pathogenesis of a number of human skin 
disorders, including premature skin aging.7 In addition to 
UV radiation, heme pathway intermediates may have pro-
oxidant effects, whereas heme oxygenase, an enzyme that 
degrades heme, can function as both an antioxidant and 
a pro-oxidant.8 Exposure of skin to UVA releases labile 
iron, leading to oxidative stress in skin.

Antioxidant Protection  
for Skin Aging
Human skin is equipped with an array of antioxidant 
enzymes to protect the cells from damaging effects of free 
radicals. Enzymes such as superoxide dismutase (SOD), 
catalase, and glutathione (GSH) biosynthesizing enzymes 
protect the tissues from free radicals. In addition, anti-
oxidant molecules such as vitamins A, C, and E slow the 
process of aging either by preventing free radicals from 
oxidizing sensitive biological molecules or by reducing 
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the formation of free radicals and quenching the already 
formed ROS. The levels of these antioxidants, as well as 
antioxidant enzymes, are reduced by age and various 
environmental stressors, such as UV exposure. Replenish-
ing these antioxidants either by topical application or by 
dietary ingestion can protect skin from aging. The level of 
dietary or topical antioxidants achieved in the skin varies 
with the individual antioxidant and also with absorption 
and other factors. In the following section, we describe 
different antioxidant systems relevant for skin biology 
and antiaging benefits.

Endogenous Antioxidants in Skin
A complex regulation of the antioxidant defense system 
during intrinsic aging and photoaging processes has been 
described.9 The activities of catalase and GSH reductase 
increased in the epidermis of photoaged and naturally aged 
skin. The concentrations of a-tocopherol, ascorbic acid, 
and GSH were generally lower in the epidermis of photo-
aged and aged skin. Uric acid did not show any significant 
changes. In general, a gradient of antioxidants with high 
levels in the basal layers and lower levels in the upper lay-
ers of the epidermis has also been demonstrated.10 Thus, a 
normal aging process as well as UV stress can deplete the 
antioxidant system of the skin, leading to ROS generation 
and oxidative damage to proteins, lipids, and nucleic acids 
in the skin. Therefore, it is important to supplement skin 
with natural antioxidants as well as plant-derived antioxi-
dants to provide skin protection.

Antioxidant molecules in the skin interact with ROS 
or their by-products to either eliminate them or to mini-
mize their deleterious effects.11 These antioxidant mol-
ecules include GSH, a-tocopherol or vitamin E, ascorbic 
acid or vitamin C, GSH peroxidases, GSH reductase,  
GSH S-transferases, SODs, catalase, and quinone reductase. 
Ascorbic acid and GSH are soluble antioxidants, whereas 
vitamin E is membrane bound and capable of intercept-
ing free radical–mediated chain reactions.7 Administra-
tion of agents that augment tissue GSH levels, such as  
N-acetylcysteine, provide protection against the toxic effects 
of ROS-generating agents.12  In aged human skin, SODs, 
copper and zinc SOD, and manganese SOD are decreased.13 
Enhancing the activities of these antioxidant enzyme sys-
tems by providing their metal cofactors such as copper, 
manganese, zinc, and selenium can boost their activities and 
provide better antioxidant protection for skin.

Common Antioxidants With  
Antiaging Benefits Used for Skin
Ascorbic Acid
Ascorbic acid (vitamin C) is one of the most important 
antioxidants that protects the skin and prevents skin 

aging and photoaging.5 In cells, it is maintained in its 
reduced form by reaction with GSH. In addition to its 
direct antioxidant effects, ascorbic acid is also a cofactor 
involved in collagen synthesis in humans. Therefore, its 
deficiency results in diseases of the skin, gums, and other 
tissues with high collagen content. 

The richest natural sources for vitamin C are fruits 
and vegetables. Among fruits, citrus fruits and berries 
contain the highest concentration of the vitamin. It is 
also present in some cuts of meat, especially liver. Vita-
min C is the most widely taken nutritional supplement 
and is available in a variety of forms, including tablets, 
drink mixes, crystals in capsules, or naked crystals. The 
most common topical and dietary source of vitamin C 
is made synthetically from glucose, mainly using a fer-
mentation process.

Tocopherols and Tocotrienols (Vitamin E)
Vitamin E is the collective name for a set of 8 related 
tocopherols and tocotrienols, which are fat-soluble vita-
mins with antioxidant properties. Of these, a-tocopherol 
has been most studied, as it has the highest bioavailability, 
with the body preferentially absorbing and metabolizing 
this form.14 The most important lipid-soluble antioxidant 
is a-tocopherol, which protects membranes from oxida-
tion by reacting with lipid radicals produced in the lipid-
peroxidation chain reaction.

High levels of vitamin E are found in many foods, such 
as asparagus; avocado; nuts (eg, almond and hazelnut); 
oils (eg, red palm, canola, sunflower seed, and olive); 
leafy green vegetables such as spinach; wheat germ; and 
whole grains. Animal sources are eggs and milk. Most 
of the vitamin E that is used in dietary supplements and 
topical use is derived synthetically as a-tocopherol. 

Lipoic Acid
Lipoic acid is an organo-sulfur compound, which is an 
essential cofactor for many enzyme complexes. One of 
the most visible roles of lipoic acid is as a cofactor in 
aerobic metabolism, specifically the pyruvate dehydro-
genase complex. Dihydrolipoic acid, the reduced form of 
lipoic acid, is a potent antioxidant. It is able to regener-
ate (reduce) antioxidants, such as GSH, vitamin C, and 
vitamin E.15

Lipoic acid is not seen in natural foods such as fruits 
or vegetables. It is normally synthesized in the animal 
body. Animal liver and yeast are good sources of lipoic 
acid. Lipoic acid is synthesized from foods rich in 
sulphur containing amino acids such as cysteine and 
methionine. Most, if not all, of the lipoic acid supple-
ments used in dietary as well as topical products are 
produced synthetically.
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Ubiquinone (Coenzyme Q10)
This oil-soluble vitaminlike substance is present in most 
eukaryotic cells, primarily in the mitochondria. It is a 
component of the electron transport chain and partici-
pates in aerobic cellular respiration, generating energy in 
the form of  adenosine 5'-triphosphate. Because of its 
ability to transfer electrons, it also acts as an antioxidant.16

Like lipoic acid, ubiquinone does not occur in signifi-
cant amounts in fruits or vegetables; it is synthesized in 
animal tissues. The richest natural source is the red tissue 
of mackerel and herring. It is also found in the livers of 
animals. All of the commercial sources of ubiquinone 
used in topical products are synthetically derived.

Carotenoids (Lycopene, Lutein/Zeaxanthin,  
Beta-Carotene)
Carotenoids belong to the category of tetraterpenoids 
(ie, they contain 40 carbon atoms). Carotenoids with 
molecules containing oxygen, such as lutein and zea-
xanthin, are known as xanthophylls. The unoxygen-
ated (oxygen-free) carotenoids such as alpha-carotene, 
beta-carotene, and lycopene are known as carotenes. 
Carotenoids are efficient free-radical scavengers and 
have antioxidant activity.17

Carotenoids contribute to the orange and red color of 
many different fruits and vegetables. Crude palm oil, yel-
low and orange fruits (eg, mangoes and papayas), orange 
root vegetables (eg,  carrots and yams), and green leafy 
vegetables (eg, spinach, kale, sweet potato leaves, and 
sweet gourd leaves) are rich sources of carotenoids. Many 
such colored fruit extracts used in topical skin care prod-
ucts contain rich sources of carotenoids.

Plant-Derived Polyphenols
Polyphenols are a group of chemical substances found 
in plants characterized by the presence of more than  
1 phenol unit or building block per molecule. Polyphenols 
are generally divided into hydrolyzable tannins (gallic acid 
esters of glucose and other sugars) and phenylpropanoids, 
such as lignins, flavonoids, and condensed tannins. The larg-
est and best-studied polyphenols are the flavonoids, which 
include several thousand compounds, among them the fla-
vonols, flavones, catechins, flavanones, anthocyanidins, and 
isoflavonoids.18 Polyphenols can also be esterified, methyl-
ated, or polymerized, creating a new class of polyphenols. 
For example, ellagic acid is a dimer of gallic acid and forms 
the class of ellagitannins, or a catechin and a gallocatechin 
can combine to form the red compound theaflavin, a process 
that also results in the large class of brown thearubigins, in 
tea. Dozens of polyphenols have been shown to have anti-
oxidant, and anti-inflammatory activities on skin and are 
currently used in skin care products.

High levels of polyphenols are generally found in fruit 
skins. Notable sources of polyphenols include berries, 
tea, beer, grapes and wine, olive oil, chocolate and cocoa, 
coffee, walnuts, peanuts, pomegranates, and other fruits 
and vegetables. Many natural extracts used in cosmetics 
and topical products are rich sources of polyphenols.

Recent Developments in  
Antioxidants for Skin Benefits
Resveratrol
Trans-3,5,4'-trihydroxystilbene, belongs to a class of polyphe-
nolic compounds called stilbenes. In addition to being a pow-
erful antioxidant, resveratrol has multiple biological activities, 
including anti-inflammatory, antitumorigenic, estrogenic, cell-
cycle regulation, apoptotic induction, and induction of anti-
oxidant enzyme systems. Resveratrol has been claimed to be 
beneficial for cardiac health, cancer, longevity (via inducing a 
caloric restriction–like effect), and skin health.19

The richest natural sources of resveratrol are grapes, 
peanuts, mulberry, blueberry, and bilberry. The amount 
found in grape skins also varies with the grape cultivar, its 
geographic origin, and exposure to fungal infection. Red 
wine is a rich source of resveratrol; the amount of fermen-
tation time a wine spends in contact with grape skins is 
an important determinant of its resveratrol content. Most 
of the resveratrol used as dietary or topical supplements 
is extracted from Japanese knotweed.

Green Tea Polyphenols
Green tea contains polyphenolic compounds also known 
as epicatechins, which are powerful antioxidants and anti-
inflammatory compounds. The major and most reactive 
constituent in green tea responsible for these biochemi-
cal or pharmacological effects is (-)-epigallocatechin- 
3-gallate. Treatment of skin with green tea polyphenols 
has been shown to modulate the biochemical pathways 
involved in inflammatory responses, cell proliferation, 
and responses of chemical tumor promoters, as well as 
UV light–induced inflammatory markers of skin inflam-
mation. Many cosmetic companies have exploited these 
properties of green tea polyphenols and use them in 
products for their antiaging benefits.20

The richest source of polyphenols is green tea, followed 
by black tea. The polyphenol content of green tea varies 
depending on the type of tea and brewing time and tem-
perature. Green tea polyphenols used in the cosmetics and 
dietary supplement industries are extracted from green tea.

Caffeine, Caffeic Acid, Quinic Acid,  
Chlorogenic Acid, and Ferulic Acid
Found in grains, fruits, and vegetables, caffeine, caffeic 
acid, quinic acid, chlorogenic acid, and ferulic acid are 
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powerful antioxidants and protect skin from UV-induced 
damage. Ferulic acid is used as a photoprotective agent in 
combination with other antioxidants such as vitamin C.21 
A botanical extract from whole coffee cherry contains a 
mixture of these potent natural plant polyphenol antioxi-
dants and also has photoprotective effects. 

The most abundant source is grains, fruits, and cof-
fee seeds. Commercial sources are extracted from coffee 
seeds and the fermentation process.

Quercetin
One of the most abundant flavonoids, present in fruits, 
vegetables, and beverages, is quercetin, a powerful anti-
oxidant and iron chelator. Quercetin, in addition to having 
its own antioxidant activity, also protects skin antioxidant 
systems and prevents UV-induced skin photodamage.22

Foods rich in quercetin include capers, apples, tea 
(Camellia sinensis), onion (especially red onion), red grapes, 
citrus fruit, tomato, broccoli and other leafy green vegeta-
bles, and a number of berries, including cherry, raspberry, 
cranberry, and the fruit of the prickly pear cactus. Com-
mercially used quercetin is extracted from natural sources.

Phloretin
Phloretin, a dihydrochalcone polyphenol, together with 
its glucoside phloridzin, are unique compounds found 
in apples and are thought to be important in the health- 
promoting effects of this fruit.23 Phloretin has strong 
antioxidant effects when tested against experimental 
stable free radicals,24 hydroxyl radical,25 and prevention 
of lipid peroxidation.26 Phloretin inhibits matrix metallo-
proteinase (MMP)-1 and elastase,27 enzymes that degrade 
connective tissue and are considered important in pho-
toaging.  Phloretin is used as a photoprotective agent in 
combination with other antioxidants, such as vitamin C.21

The richest source of phloretin is apple skin. It is 
extracted from apple skin and used in topical products.

Genistein and Other Soy Flavonoids
Genistein and related flavonoids seen in soybeans have a vari-
ety of properties, including antioxidant, anti-inflammatory, 
estrogen-mimetic, and cell-cycle–regulating.8 Topical appli-
cation of genistein and its metabolites or derivatives, such 
as daidzein, inhibited UVB-induced ROS generation and 
contact hypersensitivity and reduced inflammation.

The most abundant source of soy flavonoids is soy 
extract. Topical products containing soy extracts have 
high levels of genistein and other flavonoids.

Nordihydroguiaretic Acid
Nordihydroguiaretic acid, a polyphenolic compound from 
the bush Larrea tridentata (creosote bush), is a powerful

antioxidant and anti-inflammatory with multiple photo-
protective activities in skin.28

Nordihydroguiaretic acid is found in high amounts in 
the long-living creosote bush. Another rich source is the 
chaparral bush, a shrub found in the desert regions of the 
southwestern United States and Mexico. It is not com-
monly used in cosmetics or topical products. 

Rosmarinic, Ursolic, and Carnosic Acids
Found as major components of rosemary and sage, 
these compounds have multiple activities including anti- 
inflammatory, antioxidant, and chemoprotective effects 
against UV and carcinogens. Rosemary and sage extracts 
have been used in cosmetic products for antiaging benefits.29

These pentacyclic triterpene compounds are present 
in many plants, including apples, basil, bilberries, cran-
berries, elder flower, peppermint, rosemary, lavender, 
oregano, thyme, hawthorn, and prunes. Apple peels 
contain a high quantity of ursolic acid and related com-
pounds. These compounds have excellent properties as 
anti-inflammatory agents in topical products.

Silymarin
A component of milk thistle, silymarin and its derivatives 
have been traditionally used in European medicine, mainly 
for the treatment of liver diseases. Topical application of 
this compound reduces UV-induced erythema and edema 
and provides photoprotection from oxidative stress because 
of its anti-inflammatory and antioxidant properties.22

Curcuminoids
The human health benefits of curcumin and its deriva-
tives from the root Curcuma longa, a spice found in 
curry powder, are widely known. Curcumin has numer-
ous properties, including antioxidant, anti-inflammatory, 
anticancer, and photoprotective, as well as the potential 
to treat a wide variety of inflammatory diseases such 
as cancer, diabetes, cardiovascular diseases, arthritis, 
Alzheimer disease, and psoriasis, among others, through 
modulation of numerous molecular targets. It has been 
used in skin care products for photoprotection, skin-
lightening effects, and general antiaging benefits.30

Isothiocyanates (Sulforaphane)
Present in broccoli sprouts and recently discovered for their 
powerful anti-inflammatory properties, isothiocyanates 
have been proposed to be useful as protective compounds 
for skin protection against UV-induced photodamage.31

Other Phytoextracts
Various phytoextracts with antioxidant properties have 
been used in recent years in cosmetic formulations for 
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antiaging benefits. These phytoextracts include: Ginkgo 
biloba, ginseng, soy, tea tree oil, Arnica, bromelain, 
chamomile, pomegranate, licorice, CoffeeBerry, açai, 
and grape seed extracts. The list of these antioxidant 
and anti-inflammatory extracts is growing longer with 
the addition of new and exotic plant extracts from 
various parts of the world, including traditional Chinese 
medicine, Indian Ayurvedic medicine, and African and  
Amazonian traditional medicine, and extracts from 
remote mountainous regions.22

Complementary Effects of  
Antioxidants and Sunscreen  
on Skin Aging 
Since UV radiation is one of the major causes of skin 
damage, protection of skin by the use of a physical or 
chemical sunscreen is highly recommended. However, 
sunscreens contain chemicals that work only on the sur-
face of the skin to absorb or reflect certain wavelengths 
of radiation. Organic sunscreen chemicals are limited 
by the wavelengths that they can absorb. No sunscreen 
fully protects against all UV wavelengths. Physical sun-
screens such as zinc oxide and titanium dioxide reflect, 
scatter, and block UV radiation (often depending on 
particle size). Protective clothing also may be used to 
block UV light. Regular window glass blocks UVB but 
not UVA1 wavelengths. Sunscreen protection is also 
a function of the uniformity of the application to the 
surface of the skin. Sweating and rubbing can alter the 
uniformity and provide holes through which UV light 
may penetrate. After removal, the sunscreen must be 
reapplied to be effective. When some sunscreens absorb 
energy, they are chemically destroyed and no longer 
efficient; thus, periodic reapplication is required. Physi-
cal sunscreens are not chemically destroyed, but they 
do present formulation challenges due to their white-
ness on the skin. For all of these reasons, sunscreens are 
recommended to be reapplied regularly.

Antioxidants protect the skin from the inside by neu-
tralizing ROS generated by UV radiation. Antioxidants 
are present at the site of the initial ROS-mediated injury 
or reaction. They can neutralize the oxidative stress 
and prevent the chemical reaction from happening. In 
the course of the reaction, the antioxidant is depleted. 
In time, the antioxidant capacity of skin may become 
inadequate, and damage will ensue. Therefore, topical 
antioxidants formulated to enter the skin can add to 
the skin’s own antioxidant pool and increase protec-
tion. These topical antioxidants have an advantage over 
sunscreens because once inside skin they are stable, 
cannot be removed by washing or rubbing, and last for  
several days.5 

Clinical Protocols to Measure 
Antioxidant Protection
Several protocols have been adapted for testing the effects 
of antioxidants for the prevention of skin aging.  

Protective Role of Antioxidants 
to Prevent Skin Photoaging
The effects of a single topical antioxidant or mixtures 
of antioxidants on attenuating the harmful effects of 
UV irradiation can be studied using normal, healthy 
participants. In a typical protocol, 10 to 20 participants 
(aged 18–60 years; Fitzpatrick skin types II and III) will 
be randomized and treated with an antioxidant product 
or vehicle control on the lower back for 4 consecutive 
days.21 On day 3, the minimal erythema dose (MED) is 
determined for each participant at a different site on the 
back. On day 4, the 2 test sites receive solar-simulated 
full-spectrum UV irradiation at 1 to 5 times the MED at 
intervals of 1 times the MED. (Testing with only UVB or 
only UVA1 is also possible.) On day 5, photographs for 
colorimetric evaluation as well as punch biopsies will be 
obtained from the antioxidant-treated area, the vehicle-
treated area, and from an adjacent area that received no 
UV radiation or treatment. The biopsies can be used for 
immunohistochemistry or other immunological methods 
to evaluate specific biomarkers. In general, biomarkers 
include, but are not limited to, increases in sunburn cell 
formation, thymine dimer formation, MMP-9 expression, 
and p53 protein expression. Other potential UVA and 
UVB biomarkers include: inflammation markers such 
as interleukins and their receptors,33 protein oxidation 
markers,32 or other noninvasive markers such as skin 
autofluorescence changes.34 Effects of UV irradiation on 
immunosuppression can also be quantitated by evalu-
ating specific Langerhans cell markers. UV irradiation 
is known to suppress the amount of CD1a-expressing  
Langerhans cells. Pretreatment of skin with the antioxi-
dant composition can block this effect.21

Antioxidants for Protecting  
Chronological Skin Aging
The effect of long-term treatment of antioxidant composi-
tions on protecting skin from chronological aging or rever-
sal of aging symptoms can be studied in long-term studies 
lasting between 3 and 6 months. Typically, these studies 
will be multicenter clinical studies recruiting women aged 
35 to 65 years with mild to moderate periocular fine and 
coarse wrinkles and mild to moderate hyperpigmentation 
on the face and hands. The antioxidant composition will 
be used once daily on the face, chest, neck, and the back 
of both hands. Assessments will be done at baseline (pre-
treatment) and weeks 4, 8, 12, 18, and 24 posttreatment. 
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At each study visit, the clinician will grade the parameters 
using a 10-point scale. Objective and subjective irritation 
parameters will be evaluated using a 4-point scale, where 
05none and 35severe. Bioinstrumental evaluation will 
include Chroma Meter measurements of the hyper-
pigmented lesions on the face and elasticity meter (eg, 
Cutometer, BTC-2000) measurements for the skin’s visco-
elastic properties. Silicone replicas or digital profilometry 
(eg, PRIMOS) of the periocular wrinkles will be taken at 
each study visit. Digital images of the face (frontal, left 
and right sides) will be taken to evaluate efficacy. Self-
assessment questionnaires will also be used to evaluate 
the perceived efficacy by the participants. Classic skin 
biomarkers that change with age, such as collagen-1/3, 
MMPs, and extracellular matrix components such as 
glycosaminoglycans, syndecans, and CD44, may also 
be evaluated using immunohistology on skin biopsies 
done at baseline and at 3 and 6 months with the anti- 
oxidant formulation. 

In Vivo Measurement of Antioxidant Benefits
The in vivo ROS detection in skin with and without UV 
stimulation has recently developed as a result of evaluat-
ing antioxidants in vivo under physiological conditions 
and over time.35 Recent in vivo studies have reported suc-
cessful evaluation of ROS and scavenging via fluorescence 
measurements on tape strip layers for the assessment of 
skin’s natural antioxidant defense capability36 and the 
efficacy of antioxidants toward UVA-induced radicals via 
fluorescence on D-squames from human participants.37 
Treatments can be applied before skin exposure to UV 
light on human participants under controlled environ-
mental and experimental conditions. Photogenerated 
under UVA, ROS are generally expected to be singlet oxy-
gen, hydroxyl radicals, hydrogen peroxides, or lipid per-
oxides. Fluorescent probes can then be used to reveal the 
presence of the ROS on tape strips of stratum corneum 
to avoid direct contact of these toxic reagents to human 
skin. Depending on the molecular probe, radicals are 
quantified via a specific fluorescence band by accounting 
for the amounts of corneocytes present on each strip via 
UV-transmittance measures. Some ROS have extremely 
short half-lives and are difficult to measure. Compara-
tive studies have shown radical scavenging efficacies of 
different antioxidants sensitive to 1 or several ROS, but 
the method limits their evaluation to radicals present or 
generated in the stratum corneum. 

Future Trends in Antioxidant 
Research and Skin Aging
A standardized method to characterize and compare 
the properties and oxidative stress protection capacity 

of antioxidants is still lacking. Various investigators 
have used a variety of in vitro and in vivo methods to 
quantify the benefits of antioxidants on human skin. In 
a recent development, a multistep in vitro process utiliz-
ing a variety of biochemical and cell biological methods 
combined with in vivo studies was designed to compare 
the oxidative stress protective capacity of commonly used 
antioxidants.38 Using this method, the benefit of a novel 
bioengineered antioxidant, idebenone, has been deter-
mined in comparison to the classic antioxidants such 
as vitamins C and E and ubiquinone. New in vivo and  
in vitro testing methods to evaluate the content as well as 
the efficacy of antioxidants on human skin are constantly 
being developed.

Recent trends in the synthesis and evaluation of novel 
antioxidants that are more stable, more bioavailable, and 
more skin penetrable have resulted in many new antioxi-
dant derivatives. One such example is idebenone, which 
is a more stable and potent analogue of coenzyme Q10. 
Idebenone has been shown to be more stable, more 
bioavailable, and more potent in clinical studies.39 In 
addition, recent improvements in the topical skin care 
delivery of idebenone via a new synthetic molecular 
derivative (the di-palmitic acid ester of idebenone) has 
further enhanced this antioxidant technology, providing 
increased skin and cell permeability and improved time-
released action. 

A water-soluble derivative of resveratrol (resveratrol 
triphosphate) demonstrated a more homogeneous dis-
tribution of resveratrol throughout the stratum corneum 
and viable epidermis.40 New bioconjugates of resveratrol 
with lipoic acid and vitamin E have been synthesized 
to improve their photostability and to modulate their 
lipophilic character. These complexes are hydrolyzed 
by a combination of stratum corneum enzymes and the 
cholesterol esterase.41 Other novel phytoextracts with bet-
ter antioxidant activities are constantly being developed. 
New synthetic antioxidants with the ability to boost the 
effects of sunscreen are being developed to provide UV 
protection from the outside as well as antioxidant protec-
tion from the inside of the skin.42

References
  1. 	R obinson MK, Binder RL, Griffiths CE. Genomic-driven insights 

into changes in aging skin. J Drugs Dermatol. 2009;8(suppl 7):
s8-s11.

  2. 	 Jenkins G. Molecular mechanisms of skin ageing. Mech Ageing Dev. 
2002;123:801-810.

  3. 	 Fisher GJ, Kang S, Varani J, et al. Mechanisms of photoaging and 
chronological skin aging. Arch Dermatol. 2002;138:1462-1470.

  4. 	 Sachs D, Helfrich Y, Voorhees J. Molecular mechanisms in skin 
aging. Cosmet Dermatol. 2009;22:291-295.

  5. 	 Pinnell SR. Cutaneous photodamage, oxidative stress, and topical 
antioxidant protection. J Am Acad Dermatol. 2003;48:1-19.

COS DERM 
Do Not Copy

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.



570  Cosmetic Dermatology® • november 2009 • Vol. 22 No. 11

Antioxidants and Skin Aging	

  6. 	M atsumura Y, Ananthaswamy HN. Toxic effects of ultraviolet 
radiation on the skin. Toxicol Appl Pharmacol. 2004;195:298-308.

  7. 	B riganti S, Picardo M. Antioxidant activity, lipid peroxidation 
and skin diseases. What’s new. J Eur Acad Dermatol Venereol. 
2003;17:663-669.

  8. 	R yter SW, Tyrrell RM. The heme synthesis and degradation path-
ways: role in oxidant sensitivity. Heme oxygenase has both pro- and 
antioxidant properties. Free Radic Biol. Med. 2000;28:289-309.

  9. 	R hie G, Shin MH, Seo Y, et al. Aging- and photoaging-dependent 
changes of enzymic and nonenzymic antioxidants in the epidermis and 
dermis of human skin in vivo. J Invest Dermatol. 2001;117:1212-1217.

10. 	 Weber SU, Thiele JJ, Cross CE, et al. Vitamin C, uric acid, and glu-
tathione gradients in murine stratum corneum and their suscepti-
bility to ozone exposure. J Invest Dermatol. 1999;113:1128-1132.

11. 	B ikers DR, Athar M. Oxidative stress in the pathogenesis of skin 
disease. J Invest Dermatol. 2006;126:2565-2575.

12. 	 Wu G, Fang YZ, Yang S, et al. Glutathione metabolism and its 
implications for health. J Nutr. 2004;134:489-492.

13. 	 Kobayashi T, Matsumoto M, Iizuka H, et al. Superoxide dis-
mutase levels in psoriasis, squamous cell carcinoma, and basal 
cell epithelioma: an immunohistochemical study. Br J Dermatol. 
1991;124:555-559.

14. 	B rigelius-Flohé R, Traber MG. Vitamin E: function and metabo-
lism. FASEB J. 1999;13:1145-1155.

15. 	 Packer L, Witt EH, Tritschler HJ. alpha-Lipoic acid as a biological 
antioxidant. Free Radic Biol Med. 1995;19:227-250.

16. 	E rnster L, Dallner G. Biochemical, physiological and medical aspects 
of ubiquinone function. Biochim Biophys Acta. 1995;1271:195-204. 

17. 	M ortensen A, Skibsted LH, Sampson J, et al. Comparative mecha-
nisms and rates of free radical scavenging by carotenoid antioxi-
dants. FEBS Lett. 1997;418:91-97.

18. 	 Carotenoid. Wikipedia. http://en.wikipedia.org/wiki/Carotenoid. 
Accessed October 13, 2009.

19. 	 Harikumar KB, Aggarwal BB. Resveratrol: a multitargeted agent for 
age-associated chronic diseases. Cell Cycle. 2008;7:1020-1035.

20. 	 Katiyar SK, Elmets CA. Green tea polyphenolic antioxidants and 
skin photoprotection. Int J Oncol. 2001;18:1307-1313.

21. 	 Oresajo C, Stephens T, Hino PD, et al. Photoprotective effects of a 
topical antioxidant mixture containing vitamin C, ferulic acid, and 
phloretin against ultraviolet-induced photodamage in human skin. 
J Cosmet Dermatol. 2008;7:290-297.

22. 	 Svobodová A, Psotová J, Walterová D. Natural phenolics in the 
prevention of UV-induced skin damage. a review. Biomed Pap Fac 
Univ Palacky Olomouc Czech Repub. 2003;147:137-145.

23. 	 Tsao R, Yang R, Young JC, et al. Polyphenolic profiles in eight apple 
cultivars using high-performance liquid chromatography (HPLC). 
J Agric Food Chem. 2003;51:6347-6353.

24. 	 Lee KW, Kim YJ, Kim DO, et al. Major phenolics in apple and their 
contribution to the total antioxidant capacity. J Agric Food Chem. 
2003;51:6516-6520.

25. 	N akamura Y, Watanabe S, Miyake N, et al. Dihydrochalcones: 
evaluation as novel radical scavenging antioxidants. J Agric Food 
Chem. 2003;51:3309-3312.

26. 	R ezk BM, Haenen GR, van der Vijgh WJ, et al. The antioxidant activ-
ity of phloretin: the disclosure of a new antioxidant pharmacophore 
in flavonoids. Biochem Biophys Res Comm. 2002;295:9-13.

27. 	 Leu SJ, Lin YP, Lin RD, et al. Phenolic constituents of Malus 
doumeri var. formosana in the field of skin care. Biol Pharm Bull. 
2006;29:740-745.

28.	 Arteaga S, Andrade-Cetto A, Cárdenas R. Larrea tridentata (Creosote 
bush), an abundant plant of Mexican and US-American deserts 
and its metabolite nordihydroguaiaretic acid. J Ethnopharmacol. 
2005;98:231-239.

29. 	 Calabres V, Scapagnini G, Catalano C, et al. Biochemical studies 
of a natural antioxidant isolated from rosemary and its applica-
tion in cosmetic dermatology. Int J Tissue React. 2000;22:5-13.

30. 	 Pari L, Tewas D, Eckel J. Role of curcumin in health and disease. 
Arch Physiol Biochem. 2008;114:127-149.

31. 	 Hampton T. Broccoli extract may help reduce UV skin damage. 
JAMA. 2007;298:2731.

32. 	 Sander CS, Chang H, Salzmann S, et al. Photoaging is associated 
with protein oxidation in human skin in vivo. J Invest Dermatol. 
2002;118:618-625.

33. 	 Lee JH, Kim JE, Kim BJ, et al. In vitro phototoxicity test using 
artificial skin with melanocytes. Photodermatol Photoimmunol 
Photomed. 2007;23:73-80.

34. 	B rancaleon L, Lin G, Kolias N. The in vivo fluorescence of 
tryptophan moieties in human skin increases with UV exposure 
and is a marker for epidermal proliferation. J Invest Dermatol. 
1999;113:977-982.

35. 	 Khabiri F, Hagens R, Smuda C, et al. Non-invasive monitoring 
of oxidative skin stress by ultraweak photon emission (UPE)- 
measurement. I: mechanisms of UPE of biological materials. Skin 
Res Technol. 2008;14:103-111.

36. 	 Ziosi P, Besco E, Vertuani S, et al. A non-invasive method for the  
in vivo determination of skin antioxidant capacity (IAC-S). Skin Res 
Technol. 2006;12:303-308.

37. 	 Cornacchione S, Sadick NS, Neveu M, et al. In vivo skin anti-
oxidant effect of a new combination on a specific Vitis vinifera 
shoot extract and a biotechnological extract. J Drugs Dermatol. 
2007;6(suppl 6):s8-s13.

38. 	M cDaniel D, Neudecker B, Dinardo J, et al. Clinical efficacy 
assessment in photodamaged skin of 0.5% and 1.0% idebenone. J 
Cosmet Dermatol. 2005;4:167-173.

39. 	M cDaniel DH, Neudecker BA, Dinardo JC, et al. Idebenone: a 
new antioxidant - part I. relative assessment of oxidative stress 
protection capacity compared to commonly known antioxidants. J 
Cosmet Dermatol. 2005;4:10-17.

40. 	 Zhang G, Flach CR, Mendelsohn R. Tracking the dephosphoryla-
tion of resveratrol triphosphate in skin by confocal Raman micro-
scopy. J Control Release. 2007;123:141-147.

41. 	 Gelo-Pujic M, Desmurs JR, Kassem T, et al. Synthesis of new 
antioxidant conjugates and their in vitro hydrolysis with Stratum 
corneum enzymes. Int J Cosmet Sci. 2008;30:195-204.

42. 	V elasco MV, Sarruf FD, Salgado-Santos IM, et al. Broad spectrum 
bioactive sunscreens. Int J Pharm. 2008;363:50-57. � n

COS DERM 
Do Not Copy

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.




