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Summary

Controversy exists as to whether topical antioxidants can be effective in protecting
against and reversing photodamage to the skin. Topical vitamins C and E, as well as
topical selenium, protect skin against sunburn, suntan and skin cancer and also reverse
the mottled pigmentation and wrinkles of photoageing. However, only certain forms of
these labile antioxidants are stable and active after percutaneous absorption. For effective
topical application, vitamin C must be non-esterified, acidic and optimally at 20%
concentration; vitamin E must be the non-esterified isomer p-o-tocopherol at 2—5%
concentration. Selenium is only percutaneously absorbed and active when applied
topically as 1-selenomethionine, optimally at 0.02-0.05%.

There are two great advantages in applying an active formulation of topical antioxi-
dants to the skin.

First, the skin attains far higher levels of each antioxidant than can be achieved by only taking
these vitamins orally. The level of vitamin C attained in the skin by topical application is
20-40 times that achievable with oral vitamin C. With topical application, the concen-
tration of vitamin E in the skin increases by a factor of 10.6 and selenium by a factor of 1.7.

Second, topical application arms the skin with a reservoir of antioxidants that cannot be
washed or rubbed off, a protection which stays in the skin for several days after application.
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Introduction

inherent limitations are inadequate application (too little,
too infrequently) and incomplete spectral protection.

More than ever before, our generation enjoys the luxury
of travel and leisure time for outdoor sports, markedly
increasing our exposure to solar radiation. Exposure
is increased at high altitudes and with reflection from
surfaces covered with snow, sand, water or concrete.
Our skin suffers the greatest damage — both acutely (with
erythema and sunburn) and chronically (with photoageing
and skin cancer).

Certainly, sunscreens are absolutely essential for
protection, but they are not enough. The most significant
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Because the skin naturally uses nutritional antioxidants
to protect itself from photodamage, sun protection can be
enhanced with effective formulations of topical antioxi-
dants. The challenge is to create stable formulations that
give effective transcutaneous absorption of the active form.

This article reviews the efficacy of the major antioxidants
proven to be effective: vitamin C, vitamin E and selenium.

Vitamin C

Vitamin C (r-ascorbic acid) is the body’s major aqueous-
phase antioxidant and is absolutely vital for life. All animals
make their own vitamin C, except for humans and other
primates, one species of bat and the guinea pig. In fact, a
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130 Ib goat synthesizes 13 g of vitamin C per day, almost
200 times the American FDA requirement.! Not only do
other animals make hundreds of times the vitamin C we
ingest, but also, when stressed, they can make more than
10 times their normal amount of vitamin C (not possible
in humans).!

Our skin suffers from environmental free-radical stress
of sunlight, pollution and smoking. Furthermore, these
actually deplete the level of vitamin C in skin. Even minimal
UV exposure of 1.6 MED decreases the level of vitamin C
to just 70% of the normal level, and exposure to 10 MED
decreases the vitamin C to only 54%.? Exposure to
10 p.p.m. of ozone in city pollution decreases the level
of epidermal vitamin C by 55%.3

Effective topical formulation

Fortunately, this detrimental loss of vitamin C from the
skin can be effectively corrected by topical application.
Topical absorption of vitamin C was proven by radioactive-
labelling studies in pigs: after treatment with 10% vitamin
C cream, 8.2% was found in the dermis, and 0.7% in
the blood.* Formulations containing 5, 10, 15, 20, 25 or
30% vitamin C were tested: the highest levels in the skin
were achieved by application of 20%.°

To optimize percutaneous absorption and full activity
of vitamin C, the precise formulation is of the utmost
importance. Because L-ascorbic acid is an inherently
unstable molecule, making it an excellent antioxidant,
creation of an effective topical delivery system is crucial.
Many products contain stable derivatives which are not
metabolized by the skin (such as ascorbyl-6-palmitate or
magnesium ascorbyl phosphate) and therefore have little
or no activity.” Other formulations do not result in meas-
urable absorption of active vitamin C because they are
not at the correct pH. Delivery of r-ascorbic acid (pK, =
4.2) depends upon removing the ionic charge — achieved
optimally at a pH of 3.5.°

Protection against photodamage

Topical vitamin C protects against solar damage primarily as
an intracellular antioxidant that deactivates ultraviolet
(UV)-induced oxygen free radicals. Vitamin C is itself not
a sunscreen, though applying vitamin C definitely
decreases erythema and sunburn even when applied
after sun exposure. Histological examination confirms
this protection: treatment with topical 10% vitamin C
decreases the number of abnormal ‘sunburn cells’ by
40-60%* and reduces UV damage to DNA by 62%.*
Topical vitamin C is also directly anti-inflammatory.
When vitamin C is applied to the skin before and after

laser surgery, there is decreased redness after only
2 months (in contrast to the normal 3—4 month healing
without treatment).® Topical vitamin C also effectively
treats the inflammation of rosacea.”

The main action of vitamin C on the skin is direct
stimulation of collagen synthesis. Vitamin C is an essential
cofactor for the two enzymes required in collagen synthe-
sis, prolyl hydroxylase (which makes the collagen
molecule stable) and lysyl hydroxylase (which cross-links
the collagen to give structural strength).® Recent research
has further demonstrated that vitamin C acts directly on
DNA to increase the transcription rate and to stabilize
the pro-collagen messenger RNA, thus regulating and
maintaining intercellular levels of collagen.’

Another important action of topical vitamin C is
increased synthesis of several specific skin-surface lipids.'°
Not only does this mean that vitamin C helps the natural
moisturization of the skin, but it also enhances the
protective barrier function of the skin.

Reversal of ageing and photodamage

Exciting experiments on vitamin C have demonstrated
that it also has anti-ageing effects: studies in vitro compared
newborn with elderly (80—-90 years old) fibroblasts.'! The
in vitro elderly fibroblasts proliferate at only 1/5 the rate
of newborn cells. However, when vitamin C is added, the
elderly cells actually proliferate better than normal newborn
fibroblasts. Even the newborn fibroblasts enhance
proliferation by a factor of 4 when exposed to vitamin C.!!

Not only do fibroblasts increase proliferation, but they
also synthesize more collagen in the presence of vitamin
C. Newborn fibroblasts synthesize a larger percentage
of collagen than elderly cells, but when elderly cells are
exposed to vitamin C in vitro tissue culture, they produce
more collagen than the normal, newborn fibroblasts.!!
The newborn cells double the collagen synthesized.!!

Vitamin C further reverses the adverse appearance of
photoageing by inhibiting tyrosinase,'? thereby fading
unattractive solar lentigos. Because L-ascorbic acid may
inhibit elastin biosynthesis'? it may reduce the solar
elastosis of photoaged skin.

The remarkable reversal of photoageing can be appre-
ciated in Fig. 1. After 6 months of once-daily treatment with
15% topical vitamin C, wrinkles were clearly reduced and
mottled pigmentation resolved in both of the subjects
shown. The skin acquired a healthy, more youthful glow.

Vitamin E

Natural vitamin E is the most important lipid-soluble,
membrane-bound antioxidant in the body. Vitamin E is
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Figure 1 Correction of photoaeging after
1 year of once-daily treatment with 15%
vitamin C serum. Notice the improvement
of periorbital wrinkles and lightening of
solar lentigoes. (Photographs courtesy of
SkinCeuticals, Dallas, Texas, USA.)

especially abundant in stratum corneum, delivered there
by sebum. ' Its concentration is highest at the lower levels
of the stratum corneum with a decreasing gradient
outward. As the outermost defence of the body, the stratum
corneum is first to absorb the oxidative stress of sunlight
and pollution, depleting vitamin E in the process.
Therefore, topical application is particularly advantageous.

Effective topical formulation

Several forms of vitamin E exist in natural dietary
sources. The form which is found in mammalian tissues
and has by far the greatest biological activity is pure,
non-esterified RRR-o-tocopherol,'® which has three
methyl groups on the 6-chromal ring (Fig. 2). Humans
use predominantly a-tocopherol because a specific
a-tocopherol transfer protein selectively transfers o-
tocopherol into lipoproteins.!® The other natural forms
are beta, gamma and delta which contain only one or
two methyl groups on the 6-chromal ring. Relative to the
o form, the B, yand 6 RRR-tocopherols give only 42, 72
and 40%, respectively, of the protection against post-UV
oedema.'” The synthetic form is ‘D1’ or ‘all-rac’, a mixture
of eight stereoisomers. The synthetic isomers are usually
esterified (to acetates and succinates) for use in commer-
cial vitamins and topical formulations because the esters
are far more stable. This ester must be hydrolysed before
there is any biological activity, a reaction that readily
occurs in the stomach after oral ingestion or in cell
and organ culture, but is very slow in skin after topical
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Figure 2 Molecular structures of tocopherols.

application. Thus the antioxidant potential of topical
esterified forms is minimal.'®'® Furthermore, the all-rac
form of vitamin E has been reported to cause allergic
contact dermatitis?® and erythema multiforme?! when
applied topically. No such adverse reactions have been
reported with p-o-tocopherol.

Protection against photodamage

Previous studies have demonstrated protection against
acute*??3 UV-induced damage of inflammation and hyper-
pigmentation, as well as protection against the chronic
UV-induced damage of skin cancer??23%* even by the
various forms of vitamin E which are less metabolically
potent when applied topically than the non-esterified
Eol. Topical p-o-tocopherol was shown to be far more
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Figure 3 Correction of periorbital wrinkles after 4 months of once-
daily treatment 5% D-ct-tocopherol cream.

effective in protecting against all acute and chronic UV-
induced damage than topical p-a-tocopheryl succinate
in mice.?’ In other mouse studies, topical o-tocopheryl
succinate and a-tocopheryl acetate not only failed to inhibit
UVB-induced immunosuppression and carcinogenesis,
but actually appeared to enhance carcinogenesis.?®
Topical a-tocopheryl acetate was less effective than
o-tocopherol against UV-induced erythema in rabbits?®
and UV-induced photoageing in mice.?”

Reversal of photodamage

Vitamin E has been shown to dramatically reverse photo-
ageing. Figure 3 shows the dramatic decrease in periorbital
rhytides in a 48-year-old woman after 4 months of daily
application of p-o-tocopherol (5%). Histological confirma-
tion of correction of the UV-induced epidermal hypertrophy
with thickened stratum corneum, increased incidence of
damaged ‘sunburn cells’ in the basal layer, and disruption
of dermal collagen and elastin was demonstrated in mice
after 8 weeks of similar topical treatment (Burke et al.,

unpublished observation). Further electron microscopic
analysis confirmed correction of collagen and elastin fibre
damage and demonstrated repair of UV-induced disruption
of the basement membrane anchoring fibrils.

Vitamin C with vitamin E

The skin uses predominantly vitamin C to protect the
aqueous environment and vitamin E to protect membranes
from lipid peroxidation. Because vitamin C is naturally
present intracellularly in relatively high concentrations,
it can regenerate oxidized vitamin E so the vitamin E need
not be replaced.?® Oral vitamin C with vitamin E in high
doses protects against UV-induced erythema in humans,
whereas either vitamin alone is ineffective.? Topical 1-
ascorbic acid (15%) with o-tocopherol (1%) gives fourfold
protection against UV-induced erythema and thiamine
dimer formation in porcine skin.>° Fortunately, combining
these hydrophilic and lipophilic antioxidants in a topical
formulation stabilizes each?° for a cosmetically attractive
application.

Selenium

Selenium, an essential trace element in humans and
animals, is required by the intracellular antioxidant
enzymes glutathione (GSH) peroxidase and thioredoxin
reductase.>! Selenium has been shown to have other
protective effects that may not involve selenium-dependent
glutathione peroxidase (SeGSHpx) activity,? such as
protecting and repairing DNA, reducing the DNA binding
of carcinogens, inhibiting neoplastic transformation and
suppressing gene mutations at the lysine and histidine loci.

Effective topical formulation

Topical preparations containing selenium sulphide are frequ-
ently used to treat tinea versicolor, seborrhoeic dermatitis
and dandruff. However, the selenium from these prepara-
tions is not absorbed by the skin.?? Selenium can be
absorbed transdermally when applied as SeMet, giving
increased skin and liver levels of selenium after topical
application of 0.02% SeMet to mice.>* This formulation
increased the minimal erythema dose in humans?> and
decreased UV-induced skin damage, as demonstrated by a
decrease in post-UV tanning and skin cancer in Skh:2 mice.>*

Protection against photodamage

Selenium has been implicated in reducing carcinogenesis.
In animal tumour models, moderate selenium supple-
mentation at levels above the dietary requirements has
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Figure 4 Correction of periorbital wrinkles after 4 months of once-
daily treatment 0.05% 1-selenomethionine lotion.

been shown to decrease the number of tumours induced
by several chemical carcinogens and viruses and to
reduce the incidence of spontaneous mammary tumours.>°
In addition, selenium supplements have been shown to
inhibit the growth of human tumour cell lines in vitro,3”
as well as the growth of transplanted tumours in mice>®
and to decrease the mutagenic activity of several known
carcinogens.e‘6

Some, but not all, epidemiological studies have found a
reduced risk for several kinds of cancer associated with a
higher blood concentration of selenium.>83° A decreased
selenium concentration and glutathionine peroxidase
activity in blood and, interestingly, an increase of these
parameters in malignant tissue was found in lung cancer
patients.>® A study of 240 non-melanoma skin cancer
patients in good general health demonstrated a signifi-
cantly lower mean plasma selenium concentration than
control subjects without skin cancer.*® In fact, those
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patients whose blood concentrations were in the lower
decile had 4.4 times the incidence of skin cancer as those
in the highest decile.*°

In a 10-year prospective study of 1312 patients with
a history of basal cell or squamous cell carcinomas of
the skin, selenium treatment did not protect against
further development of such skin cancers; however, it
did reduce total cancer incidence and the incidence of
lung, colorectal and prostate cancer as well as lung cancer
mortality.*!

Reversal of photodamage

Topical selenomethionine is highly effective not only
in preventing, but also in reversing photoageing.*? The
significant decrease in periorbital rhytides in a 56-year-old
woman after 4 months of daily application of L-selenome-
thionine (0.05%) is shown in Fig. 4. Histological and
electron microscopic analysis confirmed repair of epidermal
and dermal photoageing.*?

Selenium with vitamin E

In many biological systems, vitamin and selenium often
act synergistically. Borek et al.*> demonstrated that Se
and RRR-o-tocopheryl succinate (natural vitamin E
succinate) act alone by different mechanisms to prevent
radiogenic and chemically induced transformation
in vitro. They further showed that there was additive
protection when both were used together.

In experiments in mice comparing and combining top-
ical L-selenomethionine with oral p-o-tocopheryl acetate
and topical p-a-tocopherol** the topical combination
was less effective than topical vitamin E alone. Both in
prolonging the onset and in decreasing the incidence of
UV-induced skin cancers,** topical r-selenomethionine
with oral vitamin E was more effective than either alone;
both forms of vitamin E alone were equally effective and
more effective than topical 1-selenomethionine alone.**
Topical L-selenomethionine (alone or in combination with
each form of vitamin E) was most effective in preventing
UV-induced inflammation (100% effective!).**

Conclusion

Three primary antioxidants naturally are required
for life: vitamin C, vitamin E and selenium. They can be
applied topically to substantially increase their levels in
the epidermis and dermis, thereby not only protecting
the skin from acute and chronic photodamage, but also
reversing the clinical and histological manifestations of
photoageing.

© 2004 Blackwell Publishing Ltd e Journal of Cosmetic Dermatology, 3, 149-155 153



Photodamage and topical antioxidants ¢ K E Burke

References

1

2

10

11

12

13

14

15

16

154

Pauling L. How to Live Longer and Feel Better. New York: W.H.
Freeman; 1987.

Shindo Y, Wit E, Han D, Packer L. Dose-response effects of
acute ultraviolet irradiation on antioxidants and molecular
markers of oxidation in murine epidermis and dermis. |
Invest Derm 1994; 23: 470-5.

Thiele J]J, Traber MG, Tsang KG, Cross CE, Packer L. In vivo
exposure to ozone depletes vitamins C and E and induces
lipid peroxidation in epidermal layers of murine skin. Free
Radical Biol Med 1997; 23: 85-91.

Darr D, Combs S, Dunsten S, Maunmy T, Pinnell S.
Topical vitamin C protects porcine skin from ultraviolet
radiation-induced damage. Br ] Dermatol 1992; 127:
247-53.

Pinnell SR, Yang HS, Omar M, Riviere NM, DeBuys HV,
Walker LC et al. Topical L-ascorbic acid: percutaneous
absorption studies. Dermatol Surg 2001; 27: 137-42.
Alster T, West TB. Effect of vitamin C on postoperative

CO, laser resurfacing erythema. Dermatol Surg 1998;
24:331-4.

Bergfeld W, Pinnell S. Topical vitamin C. Dialogues Dermatol
Am Acad Dermatol 1996; 38: 1.

Kivirikko KI, Myllyla R. Post-translational processing of
procollagens. Ann NY Acad Sci 1996; 11: 250-3.

Savini I, Catni V, Rossi A, Duranti G, Melino G, Avigliano L.
Characterization of keratinocyte differentiation induced by
ascorbic acid: protein kinase C involvement and vitamin C
homeostasis. ] Invest Dermatol 2002; 118: 372-9.

Uchida Y, Behne M, Quiec D, Elias PM, Holleran WM.
Vitamin C stimulates sphingolipid production and markers
of barrier formation in submerged human keratinocyte
cultures. | Invest Dermatol 2001; 117: 1307-13.

Phillips CL, Combs SB, Pinnell SR. Effects of ascorbic acid on
proliferation and collagen synthesis in relation to donor age
of human dermal fibroblasts. J Invest Derm 1994;
103:228-32.

Maeda K, Fukuda M. Arbutin: mechanism of its
depigmenting action in human melanocyte culture.

] Pharmacol Exp Ther 1996; 276: 765-9.

Davidson JM, Luvalle PA, Zoia O, Quaglion D, Giro MG.
Ascorbate differentially regulates elastin and collagen
biosynthesis in vascular smooth muscle cells and skin
fibroblasts by pretranslational mechanisms. | Biol Chem
1997;272:345-52.

Thiele JJ. Oxidative targets in the stratum corneum: a new
basis for antioxidative strategies. Skin Pharmacol Appl Skin
Physiol 2001; 14: 87-91.

Burton GW, Traber MG, Acuff RV, Walters DN, Kayden H,
Hughes L, Ingold KU. Human plasma and tissue
a-tocopherol concentrations in response to
supplementation with deuterated natural and synthetic
vitamin E. Am | Clin Nutr 1998; 67: 669—84.

Azzi A, Breyer I, Feher M, Pastori M, Ricciarelli R,
Spychers S et al. Specific cellular responses to
alpha-tocopherol. ] Nutr 2000; 131 (Suppl.): 369-75.

17

18

19

20

21

22

23

24

26

27

28

29

30

31

32

33

Potokar M, Holtmann W, Werner-Busse A. Effectiveness of
vitamin E protecting against UV light — comparative testing
of the natural tocopherols on the skin of the hairless mouse.
Fat Sci Technol 1990; 92: 406-10.

Gensler HL, Aickin M, Peng YM, Xu M. Importance of

the form of topical vitamin E for prevention of
photocarcinogenesis. Nutr Cancer 1996; 26: 183-91.
Beijersbergen van Hanegouwne GM], Junginger HE, de
Vries H. Hydrolysis of RRR-alpha-tocopheryl acetate
(vitamin E acetate) in the skin and its UV protecting activity
(an in vivo study with the rat). ] Photochem Photobiol B Biol
1995;29:45-51.

Hart M. Vitamin E. A contact sensitizer. Schoch Lett 1990;
40: 48.

Saperstein H, Muizzuddin N, Kasman K, Solletti R,
Meiselman N et al. The use of antioxidants in providing
protection from chronic suberythemal UV-B exposure. 16th
IFSCC Conference Vol. 1, October 1990: pp. 24—34.

Berton TR, Conti CJ, Mitchell DL, Aldaz CM, Lubet RA,
Fischer SM. The effect of vitamin E acetate on
ultraviolet-induced mouse skin carcinogenesis. Mol Carcin
1998; 23:175-84.

Record IR, Dreosti IE, Konstantinopoulos M, Buckley RA.
The Influence of topical and systemic vitamin E on
ultraviolet light-induced skin damage in hairless mice.
Nutr Cancer 1991; 16: 219-25.

Gerrish K, Gensler H. Prevention of photocarcinogenesis by
dietary vitamin E. Nutr Cancer 1993; 19: 125-33.

Burke KE, Clive J, Combs GF Jr, Commisso J, Keen CL,
Nakamura RN. The effects of topical and oral vitamin E

on pigmentation and skin cancer induced by ultraviolet
irradiation in Skh:2 hairless mice. ] Nutr Cancer 2001;
3887-97.

Roshchupkin D, Pistsov MY, Potapenko AY. Inhibition of
ultraviolet light-induced erythema by antioxidants. Arch
Dermatol Res 1979; 266: 91—4.

Bissett DL, ChatterJee R, Hannon DP. Photoprotective effect
of superoxide-scavenging antioxidants agains ultraviolet
radiation-induced chronic skin damage in the hairless
mouse. Photodermatol Photoimmunol Photomed 1990; 7:
56-62.

Chan AC. Partners in defense, vitamin E and vitamin C.
Can ] Physiol Pharmacol 1993; 71: 725-31.

FuchsJ, Kern H. Modulation of UV-light-induced skin
inflammation by p-o.-tocopherol and 1-ascorbic acid:

a clinical study using solar simulated radiation. Free Radical
Biol Med 1998; 25: 1006—-12.

Lin J, Selim A, Shea C, Grichnik ], Omar M, Montelra-Riviere N
et al. UV photoprotection by combination topical antioxidants
vitamin C and E. ] Am Acad Dermatol 2003.

Stadtman TC. Mammalian selenoenzymes. Ann NY Acad Sci
2000; 894: 399-402.

Ragman MP. The importance of selenium to human health.
Lancet 2000; 356: 233-41.

Cummins LM, Kimuka ET. Safety evaluation of selenium
sulfide antidandruff shampoos. Toxicol Appl Pharmacol
1971; 20: 89-96.

© 2004 Blackwell Publishing Ltd e Journal of Cosmetic Dermatology, 3, 149-155



34

35

36

37

38

39

Burke KE, Combs GF, Gross EG, Bhuyan KC, Abu-Libdeh H.
The effects of topical and oral 1-selenomethionine on
pigmentation and skin cancer induced by ultraviolet
irradiation. Nutr Cancer 1992;17: 123-37.

Burke KE, Bedford RG, Combs GF Jr, French IW,
Skeffington DR. The effect of topical 1-selenomethionine
on minimal erythema dose of ultraviolet irradiation in
humans. Photoderm Photoimmun Photomed 1992;
9:52-7.

Combs GF Jr. Selenium. In: MS Micozzi, TE Moon, eds.
Nutrition and Cancer Prevention. New York: Marcel Dekker;
1989: pp. 389-420.

Redman C, Scott JA, Baines AT, Basyc JL, Clark LC, Calley C,
Roe D, Payne CM, Nelson MA. Inhibitory effect of
selenomethionine on the growth of three selected human
tumor cell lines. Cancer Lett 1998; 125: 103-10.

Willett WC, Stampfer MJ. Selenium and cancer. Br Med |
1988;297: 573—4.

Zachara BA, Marchaluk-Wisniewaka E, Maciag A,
Peplinski J, Skokowski J, Lambrecht W. Decreased selenium
concentration and glutathione peroxidase activity in blood

40

41

42

43

44

© 2004 Blackwell Publishing Ltd e Journal of Cosmetic Dermatology, 3, 149-155

Photodamage and topical antioxidants ¢ K E Burke

andincrease of these parametersin malignanttissue of lung
cancer patients. Lung 1997; 175: 321-32.

Clark LC, Graham GF, Crainse RG, Grimson R, Hulla B et al.
Plasma selenium and skin neoplasms: a case—control study.
Nutr Cancer 1984; 6: 13-21.

Clark LC, Combs GF, Turnbull BW, Slate EH et al. Effects

of selenium supplementation for cancer prevention in
patients with carcinoma of the skin. JAMA 1996; 276:
1057-63.

Burke KE. Method for the prevention and reversal of the
extrinsic aging of the skin by transdermal application of
selenamino acids and compositions therefore. US
Patent#5,330,757 July 19, 1994.

Borek C, Ong A, Mason H, Donahue L, Biaglow JE. Selenium
and vitamin E inhibit radiogenic and chemically induced
transformation in vitro via different mechanisms. Proc Natl
Acad Sci USA 1986; 83: 1490—4.

Burke KE, Clive ], Combs GF, Nakamura RM. The effects of
topical 1-selenomethionine with topical and oral vitamin E
on pigmentation and skin cancer induced by ultraviolet
irradiation in Skh:2 hairless mice. ] Am Acad Derm 2003.

155



