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Abstract
There are many photo-protective measures adopted for protection from the solar radiation especially the UV radiation spectrum, sunscreens 
being the main agents. Besides the traditional approach of topical use of sunscreens, both chemical and physical, a new approach has emerged 
to use systemic agents in the form of vitamins and minerals. In this review, we are describing the major aspects related to sunscreens and 
anti-oxidants as photo-protective measures.
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Introduction
Ultraviolet (UV) radiation spectrum is the major component 

of solar radiation, with multitude of effects on the skin. In 
order to provide protection from the deleterious effects of solar 
radiations, especially the UV component, various measures 
have been adopted since time immemorial. Besides the physical 
protective measures like protective clothing, shields and others, 
various medicinal preparations which provide a barrier between 
the sun and skin have been in use in the form of sunscreens. Of 
late, a new trend has emerged of using antioxidant preparations 
which increase the antioxidant defence system to cope up with 
the oxidative damage induced by solar radiations. We hereby 
present a comprehensive and precise review of sunscreens and 
anti-oxidants as photo-protective measures, keeping in mind the 
newer trends that have emerged over the years.

UV radiation spectrum
The most important biologically active functional 

components of UV radiation spectrum are UV A (~320-400 nm) 
and UV B (~290-320 nm) components.
UVB is responsible for more severe damage to skin, with acute 
erythematogenic effect and long term carcinogenic potential, 
inducing photo-aging and mutagenic damage to nucleic acids.
UVA,less absorbed by biological targets in the skin, penetrates 
deeper than UVB and is less erythematogenic. It promotes 
reactive oxygen species (ROS) accumulation and induces direct 
cell damage, carcinogenesis and contributes to photo-aging and 
many photo-dermatoses, including polymorphous light eruption 
[1].

Sunscreens
Most common types of sunscreens presently in use are 

the topical preparations, designated as physical and chemical 
sunscreens. Various systemic agents in the form of antioxidants, 
vitamins and minerals, designated as systemic sunscreens, have 
emerged as new photo-protective measure. The main goals 
of sunscreens are to protect against UVB radiation and long-
wavelength UVA radiation, scavenge ROS, activate cellular 
repair systems, including DNA repair [2,3].

Topical sunscreens
Topical sunscreens are available as ointments, lotions, 

creams or sprays. In order to ensure optimal patient compliance, 
an ideal sunscreen would be: combination of physical and 
chemical agents, broad spectrum, cosmetically elegant, 
substantive, non-irritant, hypoallergenic, non-comedogenic and 
economical.
The activity of a sunscreen is judged based on sun protection 
factor (SPF), which measures their capacity to block UV 
radiation. SPF is defined as a ratio of minimal erythema 
dose (MED) with sunscreen application to the MED without 
sunscreen application and is measured using solar simulated 
radiation and a defined sunscreen application density (2 mg/cm-
2). Higher SPF denotes higher efficacy.
High SPF sunscreens almost always contain a physical filter and 
at least two organic filters,one with optimal screening for UVB 
wavelengths and the other for UVA photons.
Due to their ease of use, topical sunscreens are the most common 
photo-protective measure in use [4-6].
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Topical sunscreens include the following categories of 
preparations:

i) Those which reflect or scatter UV photons (physical 
sunscreens),
ii) Those which absorb them, preventing their effect on the cells 
of the skin (chemical sunscreens),
iii) Preparations with antioxidant properties

Inorganic (physical) sunscreens
Inorganic sunscreens are formulations containing opaque 

particulate particles (0.1-1mm diameter), which act by 
scattering, reflecting or absorbing solar radiation in the UV 
andvisible radiation spectrum. The factors which affect the 
effectiveness of inorganic sunscreen are their reflective index, 
particle size, dispersion in base and film thickness. Their opaque 
nature and `whitening effect` is an inherent disadvantage, which 

may be minimized by the use of micronized or ultrafine particles. 
Various types of inorganic sunscreen agents available include:

a) Zinc oxide (ZnO)
b) Titanium dioxide (TiO). 
These are by far the two most commonphysical blockers. Micro-
fine ZnO is a betterblocker than TiO7.
c) Others - iron oxide, red veterinary petrolatum, kaolin, 
calamine, ichthammol, talc,

Organic Sunscreens
Organic Sunscreens are active ingredients which absorb 

specific wavelengths of UV radiation, not allowing them to 
reach the viable cells of epidermis. There are more than 21 US 
FDA approved chemicals used as organic sunscreens. Most 
common ones are shown in table I.

UVB Absorbers UVA Absorbers Newer generation broad 
spectrum (UVA + UVB) filters

1. PABA derivatives
   a) Padimate O
   b) PABA
2. Cinnamates
   a) Octinoxate
   b) Cinoxate
3. Salicylates
   a) Octisalate
   b) Homosalate
   c) Trolamine
   d) Salicylate
4. Others
   a) Octocrylene
   b) Ensulizole

1. Benzophenones
   a) Oxybenzone
   b) Sulisobenzone
   c) Dioxybenzone
2. Dibenzoyl methanes
   a) Avobenzone or Parsol 1789
3. Anthranilates
   a) Meradimate

1. Ecamsule (Mexoryl SX)
2. Silatriazole (Mexoryl XL)
3. Bemotrizinol (Tinosorb S)
4. Bisoctrizole (Tinosorb M)

Table I. Most common organic sunscreen ingredients

Antioxidants
Antioxidants are commonly added in commercial sunscreen 

preparationsin order to reduce the photo-oxidative damage that 
results from UV-induced ROS production, providing a sort of 
non-sunscreen photo-protection and supplement the photo-
protective effects of sunscreens [8]. These include several well 
characterized vitamins including vitamins C, E and β-carotene 
[9]. These substances in general help by their antioxidant, anti-
inflammatory, anti-carcinogenic effects. Common compounds 
and effects specific to each are mentioned below.
* Hydroxicinnamic acids such ascaffeic or ferulic acids prevent 
UVB-induced erythema in vivo and in vitro, and decrease UV-
induced oxidative damage in skin cells and lymphocytes [10-
13].
* Polyphenolics such as flavonoids and phenolic acids, green 
tea polyphenols, resveratrol, astaxanthin have been found useful 
[14].
* Anthocyanins and tannins, present in several fruits such as 
grapes, pears act by inhibiting UVB-dependent activation of 
NF-kB, MAP kinase and COX-2 pathways downstream of the 
signalling kinases MKK4, MEK1, and Raf-1 [15,16].
* Pycnogenol, an extract of French maritime pine (Pinuspinaster 
Ait), prevents UV induced erythema as well as long-term effects, 
such as immune-suppression and tumour formation [17,18]. It 
also possesses regenerative skin properties, and prevents UVB-
induced photo-aging [19,20].
* Fernblock, an extract obtained from the fern Polypodium 

leucotomos, inhibits UVB and PUVA therapy-induced erythema 
in vivo [21]. It is a potent antioxidant and has shown immune-
modulating capability and inhibition of pro-inflammatory 
cytokines, such as TNF-α or IL-6 [22]. PL also inhibits the 
depletion of langerhan cells induced by irradiation with UV 
light and PUVA therapy [22-24] and reduces chronic elastosis 
and matrix metalloprotease expression [25,26].
* Dihydroxy-acetone: Photo-protective agent that provides SPF 
3-4 and protects against UVA photons [27].
* Caffeine and caffeine sodium benzoate: inhibit UVB-induced 
apoptosis [28].
* Polygonum multiflorum thumb (PM): an extract that possesses 
antibacterial properties.
* N-(4-pyridoxylmethylene)-L-serine (PYSer): Suppresses 
ironcatalyzed ROS generation [29].
* Creatine: Topical use of creatine has been shown to decrease 
UV-induced damage in vitro and in vivo, and postulates its use 
to fight photo-aging [30].
* Idebenone: Clinical studies have suggested its efficacy in 
preventing photo-aging [31].
* COX-2 inhibitors: Topicalcelecoxib, a COX-2 inhibitor, has 
been shown to decrease UVBmediated erythema, inflammation 
and prostaglandin E2 production [32,33].
* DNA repair enzymes: Constitute an emerging approach to 
enhance DNA repair after UV exposure such as photolyase 
[34,35].



* T4 endonuclease: Assayed in patients with 
xerodermapigmentosum [36,37].
* DNA oligonucleotides: Enhance the cellular response to 
subsequent UV irradiation,regardless of the existence of 
previous DNA damage [38].

Systemic sunscreens
Photo-protection by oral/parentral medication is a novel 

approach in skin care. They complement the topical sunscreen 
use by preventing photo-aging and photo-carcinogenesis. 
They increase the basal threshold of systemic and cutaneous 
antioxidant systems [39]. Various biologically active compounds 
evaluated include:
Vitamin derivatives: Carotenoids, such as lycopene, which has 
been suggested to be a very efficient singlet oxygen quencher 
present in tomatoes, and xanthophylliccarotenoids such as 
lutein and zeaxanthin, exhibit beneficial photo-protective 
effect, singly or in combination, along with topical preparations 
[40,41]. Tocopheroland ascorbatealso exhibit photo-protective 
effect, especially when used in combination with other 
compounds such aslycopene, beta-carotene, selenium yeast, 
proanthocyanidins [42,43]. Oral use of these delays the onset 
of UVB induced erythema and inhibits the expression of 
matrixmetalloproteinases, delaying an effect on photo-aging 
[44].
Dietary animal and plant extracts: Their composition is 
rather heterogeneous, but most contain dietary flavonoids and 
phenolics. Some examples include:
* Genistein, which can be used as a dietary complement as well 
as in topical formulations, decreases UVB induced skin photo-
aging and tumour genesis in rodent models, postulating its use 
for cancer prevention [45].
* High doses of omega-3 polyunsaturated fatty acids from fish 
oil have been shown to decrease UVB induced erythema and 
inflammation [46].
* Polypodium leucotomos extract (PL) can also be administered 
orally with very low toxicity, in addition to its topical use as 
already described.Oral PL scavenges free radicals and reactive 
oxygen species such as superoxide anion, singlet oxygen, 
hydroxyl radical and hydrogen peroxide, and prevents lipid per-
oxidation [47,48]. Besides the effects already mentioned, PL 
also prevents oxidative DNA damage (8-hydroxyguanine) and 
accelerates repair of thymine dimers [24,49]. In addition, it also 

inhibitstrans-urocanic acid photo-induced isomerization and 
inactivation, as well as UVA-induced cyclobutane pyrimidine 
dimer deletions and mitochondrial DNA damage [50,51].
* Green tea poly-phenols (GTPP), e.g. epigallocatechin-3-
gallateprevents UV-induced skin tumourgenesis in mice. Several 
mechanisms underlie this effect, e.g. induction of interleukin 
12, which prevents immune-suppression and boosts DNA repair 
through excision repair mechanisms, inhibition of angiogenic 
factors, stimulation of T cell-dependent cytotoxicity and tumour 
cell clearance [52]. Oral GTPPs can also decrease UV-induced 
expression of skin matrix metalloproteinases, postulating an 
effect in photo-aging [53].

Indications of sunscreen use
There are innumerable prophylactic and therapeutic 

indications for sun protection and potential benefits of 
sunscreens and antioxidants. The major ones are listed in table 
II [54].

Guidance for usage
Sunscreens protect the skin by absorbing and/or reflecting 

UVA and UVB rays. The FDA requires that all sunscreens 
contain a sun protection factor (SPF) label. In order to obtain 
maximum performance from sunscreen it is important that it 
is applied correctly and sufficiently with the right thickness. 
Application thickness has a significant effect on the amount 
of protection provided by a sunscreen. When not enough 
sunscreen is applied, the effective SPF of the product will be 
reduced significantly. This reduction in SPF may potentially 
lead to sunburn, particularly if the sunscreen used has a low or 
medium SPF to begin with [55].
An average size adult should apply at least one teaspoon 
of sunscreen to each arm, leg, frontand back of body, and at 
least half a teaspoon to the face (including theears and neck). 
Sunscreen should be applied at least 10-15 minutes before sun 
exposure to allow the sunscreen time to form a protective film 
on the skin. Sunscreen should be re-applied every two hours 
at minimum, even on cloudy days, and after swimming, heavy 
sweating, and towelling. Re-applying sunscreen doesn’t extend 
the length of time a person is protected from sunburn. It just 
guarantees that the actual SPF of the product is realized [55]. 
While using sunscreen sprays, the product should be both 
sprayed on and rubbed in to ensure uniform coverage [56].

1. Sunburn
2. Freckling, discolouration
3. Photo-aging
4. Skin cancer
5. Phototoxic/ photo-allergic reactions
6. Photosensitivity diseases                 
     Polymorphous light eruption (290-365 nm)                 
     Solar urticaria (290-515 nm)                 
     Chronic actinic dermatitis (290 nm-visible)                 
     Persistent light reaction (290-400 nm)                 
     Lupus erythematosus (290-330 nm)                 
     Xeroderma pigmentosum (290-340 nm)                 
     Albinism
7. Photo-aggravated dermatoses
8. Post-inflammatory hyper-pigmentation (post-procedure)

Table II. Main indications of sunscreen use and sun protection
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Some issues of concern
The use of sunscreen as photo-protective measure is 

non controversial. But some concerns exist in a few special 
situations, as mentioned below.
* Sunscreen use in infants: Although not known to be hazardous, 
the use of sunscreens is not recommended for infants younger 
than 6 months. Sun protection in children plays a significant 
role in preventing skin cancer later in life. Research indicates 
that regular use of sunscreen for the first 18 years of a child’s 
life can reduce the lifetime incidence of skin cancers by more 
than 70% [55].
* Contact dermatitis: The most common cause of contact 
dermatitis (photoallergy) due to sunscreens is oxybenzone [57].
* Nano-sized particles: Nano-sized particles range in size 
from 1-100 nm. Micro-fine forms of zinc oxide and titanium 
dioxide have a particle size of 20-50 nm. Nanotechnology 
makes inorganic sunscreens more cosmetically acceptable (less 
whitening of skin after application). Studies show that these 
particles remain on the surface of the skin or in the stratum 
corneum, and are hence safe for human use [58].
* Vitamin D production: UVB radiation is responsible for more 
than 90% of vitamin D production in the skin. A few minutes 
exposure of the face, arms, and hands to mid-day summer 
sunlight two or three times a week is sufficient for vitamin D 
synthesis [59]. There have been concerns that widespread use 
of sunscreens, particularly those with high SPF, may lead to a 
significant decrease in vitamin D production. However, there is 
evidence that normal usage does not generally result in vitamin 
D insufficiency though sunscreens can significantly reduce the 
production of vitamin D under very strictly controlled conditions 
[60]. In fact, vitamin D and calcium levels have been found to 
be relatively normal in xeroderma pigmentosum patients, in 
spite of strict photo-protection [61].
* Hormonal effects: Some sunscreens (oxybenzone, avobenzone, 
octinoxate, padimate O) have been tested for their estrogenic/
anti-androgenic properties in animal studies. However, 
the endocrine effects of these agents remain controversial, 
warranting further human studies.

Sunscreen related indices
Various indices have been formulated by in vitro and in vivo 

methods to assess the efficacy of sunscreens with respect to 
specific components of the UV spectrum [1,57,58,62-64]. These 
are as follows:
i) Sunburn protection factor (SPF)
SPF= MED of photo-protected skin with sunscreen/ MED of 
unprotected skin without sunscreen.

Grading of sunscreens according to SPF:
Low: SPF 2 – 15; Medium: SPF 15 – 30; High: SPF 30 – 50; 
Highest: SPF >50

It is noteworthy that a sunscreen with an SPF 15 blocks about 
93% of UVB radiation, while one with SPF 30 blocks about 
97% of UVB radiation. This small difference of 4% in protection 
may make a big difference between an aesthetically pleasing 
sunscreen and an undesirable one, as products with higher SPF 
generally tend to be uncomfortable and cosmetically unpleasant 
due to the higher concentration of the active ingredients [65].
ii) Japanese standard (persistent pigment darkening; in vivo 
method)
UVA dose that induces persistent pigment darkening 2-24 hours 
after exposure in sunscreen protected skin/ UVA dose that 
induces persistent pigment darkening 2-24 hours after exposure 
in sunscreen unprotected skin.
iii) Australian / New Zealand standard (in vitro method)
8-μm layer of the product should not transmit more than 10% of 
radiation of 320 to 360 nm
OR
20-μm layer of the product should not transmit more than 1% of 
radiation of 320 to 360 nm
iv) European union guidelines
UVA protection factor (persistent pigment darkening method) 
= 1/3 of SPF
AND
Critical wavelength = 370nm
v) Boots star rating system (used in the United Kingdom)
In vitro measurement of the ratio of a product’s UVA (320-400 
nm) absorbance over its UVB (290-320 nm) absorbance is used 
to calculate its Boots star rating, shown in Table III. Products 
with better UVA absorbance have a higher Boots star rating.

New Sunscreen Technologies
Sun spheres
Sun-spheres are styrene/acrylate copolymers that do not absorb 
UV irradiation but enhance the effectiveness of the active 
sunscreen ingredients. The Sun-sphere polymer beads are 
filled with water, which migrates out of the particle, leaving 
behind tiny air-filled spheres, which have a lower refractive 
index (1.0) than the dried sunscreen film (1.4-1.5). As a result, 
scattering of UV radiation occurs, increasing the probability of 
contact with the active UV filters in the sunscreen. Sun-spheres 
are also available in a powder form, and can boost SPF by 50 
-70% making it possible to reduce the concentration of active 
ingredients [66].

Microencapsulation
Active sunscreen ingredients are entrapped within a silica shell, 
as a result of which, allergic or irritant reactions to the active 
ingredient can be minimized, and incompatible sunscreen 
ingredients can be safely combined, without loss of efficacy 
[66].
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Ratio of UVA:UVB absorbance Boots star rating
Before irradiation After irradiation

< 0.6 < 0.56 No star
> 0.6 > 0.57 3
> 0.8 > 0.76 4
> 0.9 > 0.86 5

Table III. Boots star rating for sunscreens



Conclusion
Sunscreens are an important prophylactic and therapeutic 

armamentarium for dermatologists and also used as over the 
counter products as photo-protective measures. Sunscreens are 
constantly evolving and a dermatologist should be well versed 
with various aspects of these.

REFERENCES

1. Forestier S: Rationale for sunscreen development. J Am Acad 
Dermatol. 2008;58:133-8.
2. Sano T, Kume T, Fujimura T, Kawada H, Moriwaki S, Takema 
Y: The formation of wrinkles caused by transition of keratin 
intermediate filaments after repetitive UVB exposure. Arch Dermatol 
Res. 2005;296:359-65.
3. Krutmann J: Ultraviolet A radiation-induced biological effects 
in human skin: relevance for photoaging and photodermatosis. J 
Dermatol Sci. 2000;23:22-6.
4. Neale R, Williams G, Green A: Application patterns among 
participants randomized to daily sunscreen use in a skin cancer 
prevention trial. Arch Dermatol. 2002;138:1319-25.
5. Boyd AS, Naylor M, Cameron GS, Pearse AD, Gaskell SA, 
Neldner KH: The effects of chronic sunscreen use on the histologic 
changes of dermatoheliosis. J Am Acad Dermatol. 1995;33:941-6.
6. Fourtanier A, Moyal D, Seite S: Sunscreens containing the 
broad spectrum UVA absorber, Mexoryl SX, prevent the cutaneous 
detrimental effects of UV exposure: a review of clinical study results. 
Photodermatol Photoimmunol Photomed. 2008;24:164-74.
7. Pinnell SR, Fairhurst D, Gillies R, Mitchnick MA, Kollias N: 
Microfine zinc oxide is a superior sunscreen ingredient to microfine 
titanium dioxide. Dermatol Surg. 2000;26:309-14.
8. Matsui MS, Hsia A, Miller JD, Hanneman K, Scull H, Cooper 
KD et al: Non-sunscreen photoprotection: antioxidants add value to 
a sunscreen. J Investig Dermatol Symp Proc. 2009;14:56-9.
9. Pinnell SR: Cutaneous photodamage, oxidative stress, and topical 
antioxidant protection. J Am Acad Dermatol. 2003;48:1-19.
10. Saija A, Tomaino A, Trombetta D, De Pasquale A, Uccella N, 
Barbuzzi T, et al: In vitro and in vivo evaluation of caffeic and ferulic 
acids as topical photoprotective agents. Int J Pharm. 2000;199:39-47.
11. Prasad NR, Jeyanthimala K, Ramachandran S: Caffeic acid 
modulates ultraviolet radiation-B induced oxidative damage in 
human blood lymphocytes. J Photochem Photobiol B. 2009;95:196-
203.
12. Di Domenico F, Perluigi M, Foppoli C, Blarzino C, Coccia R, 
De Marco F, et al: Protective effect of ferulic acid ethyl ester against 
oxidative stress mediated by UVB irradiation in human epidermal 
melanocytes. Free Radic Res. 2009;43:365-75.
13. Kang NJ, Lee KW, Shin BJ, Jung SK, Hwang MK, Bode AM, 
et al: Caffeic acid, a phenolic phytochemical in coffee, directly 
inhibits Fyn kinase activity and UVB-induced COX-2 expression. 
Carcinogenesis. 2009;30:321-30.
14. Lambert JD, Hong J, Yang GY, Liao J, Yang CS: Inhibition 
of carcinogenesis by polyphenols: evidence from laboratory 
investigations. Am J Clin Nutr. 2005;81:284-91.
15. Kwon JY, Lee KW, Kim JE, Jung SK, Kang NJ, Hwang MK, et 
al: Delphinidin suppresses ultraviolet B-induced cyclooxygenases-2 
expression through inhibition of MAPKK4 and PI-3 kinase. 
Carcinogenesis. 2009;30:1932-40.
16. Kim JE, Kwon JY, Seo SK, Son JE, Jung SK, Min SY, et al: 
Cyanidin suppresses ultraviolet B-induced COX-2 expression in 
epidermal cells by targeting MKK4, MEK1, and Raf-1. Biochem 
Pharmacol. 2010;79:1473-82.
17. Saliou C, Rimbach G, Moini H, McLaughlin L, Hosseini S, 
Lee J, et al: Solar ultraviolet-induced erythema in human skin and 
nuclear factor-kappa-B-dependent gene expression in keratinocytes 
are modulated by a French maritime pine bark extract. Free Radic 
Biol Med. 2001;30:154-60.

18. Bito T, Roy S, Sen CK, Packer L: Pine bark extract pycnogenol 
downregulates IFN-gamma-induced adhesion of T cells to human 
keratinocytes by inhibiting inducible ICAM-1 expression. Free 
Radic Biol Med. 2000;28:219-27.
19. Sime S, Reeve VE: Protection from inflammation, 
immunosuppression and carcinogenesis induced by UV radiation in 
mice by topical Pycnogenol. J Photochem Photobiol. 2004;79:193-8.
20. Cho HS, Lee MH, Lee JW, No KO, Park SK, Lee HS, et al: 
Anti-wrinkling effects of the mixture of vitamin C, vitamin E, 
pycnogenol and evening primrose oil, and molecular mechanisms 
on hairless mouse skin caused by chronic ultraviolet B irradiation. 
Photodermatol Photoimmunol Photomed. 2007;23:155-62.
21. Gonzalez S, Pathak MA, Cuevas J, Villarubia VG, 
Fitzpatrick TB: Topical or oral administration with an extract of 
Polypodiumleucotomos prevents acute sunburn and psolaren-
induced phototoxic reactions as well as depletion of Langerhans 
cells in human skin. Photodermatol Photoimmunol Photomed. 
1997;13:50-60.
22. Brieva A, Guerrero A, Pivel JP: Immunomodulatory properties of a 
hydrophilic extract of Polypodium leucotomos. Inflammopharmacol. 
2002;9:361-71.
23. Middelkamp-Hup MA, Pathak MA, Parrado C, Goukassian D, 
Rius-Diaz F, Mihm MC, et al: Orally administered Polypodium 
leucotomos extract decreases psoralen- UVA-induced phototoxicity, 
pigmentation, and damage of human skin. J Am Acad Dermatol. 
2004;50:41-49.
24. Middelkamp-Hup MA, Pathak MA, Parrado C, Goukassian D, 
Rius-Diaz F, Mihm MC, et al: Oral Polypodium leucotomos extract 
decreases ultraviolet-induced damage of human skin. J Am Acad 
Dermatol. 2004;51:910-8.
25. Alcaraz MV, Pathak MA, Rius F, Kollias N, González S: An 
extract of Polypodium leucotomos appears to minimize certain 
photoaging changes in a hairless albino mouse animal model. 
Photodermatol Photoimmunol Photomed. 1999;15:120-6.
26. Philips N, Conte J, Chen YJ, Natrajan P, Taw M, Keller T, et 
al: Beneficial regulation of matrixmetalloproteinases and their 
inhibitors, fibrillar collagens and transforming growth factor-beta by 
Polypodium leucotomos, directly or in dermal fibroblasts, ultraviolet 
radiated fibroblasts, and melanoma cells. Arch Dermatol Res. 
2009;301:487-95.
27. Draelos ZD: Self-tanning lotions: are they a healthy way to 
achieve a tan? Am J Clin Dermatol. 2002;3:317-8.
28. Lu YP, Lou YR, Xie JG, Peng QY, Zhou S, Lin Y, et al: Caffeine 
and caffeine sodium benzoate have a sunscreen effect, enhance UVB-
induced apoptosis, and inhibit UVB-induced skin carcinogenesis in 
SKH-1 mice. Carcinogenesis. 2007;28:199-206. 
29. Kitazawa M, Ishitsuka Y, Kobayashi M, Nakano T, Iwasaki 
K, Sakamoto K, et al: Protective effects of an antioxidant derived 
from serine and vitamin B6 on skin photoaging in hairless mice. 
Photochem Photobiol. 2005;81:970-4.
30. Lenz H, Schmidt M, Welge V, Schlattner U, Wallimann T, Elsässer 
HP, et al: The creatine kinase system in human skin: protective effects 
of creatine against oxidative and UV damage in vitro and in vivo. J 
Invest Dermatol. 2005;124:443-52.
31. McDaniel D, Neudecker B, Dinardo J, Lewis J, Maibach H: 
Clinical efficacy assessment in photodamaged skin of 0.5% and 1.0% 
idebenone. J Cosmet Dermatol. 2005;4:167-73.
32. Fischer SM, Lo HH, Gordon GB, Seibert K, Kelloff G, Lubet 
RA, et al: Chemopreventive activity of celecoxib, a specific 
cyclooxygenase-2 inhibitor, and indomethacin against ultraviolet 
light-induced skin carcinogenesis. Mol Carcinog. 1999;25:231-40.
33. Zhan H, Zheng H: The role of topical cyclo-oxygenase-2 
inhibitors in skin cancer: treatment and prevention. Am J Clin 
Dermatol. 2007;8:195-200.

© Our Dermatol Online 3.2013   373



Copyright by Iffat Hassan, et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

34. Stege H, Roza L, Vink AA, Grewe M, Ruzicka T, Grether-Beck S, 
et al: Enzyme plus light therapy to repair DNA damage in ultraviolet-
B-irradiated human skin. Proc Natl Acad Sci USA. 2000;97:1790-5.
35. Essen LO, Klar T: Light-driven DNA repair by photolyases. Cell 
Mol Life Sci. 2006;63:1266-77.
36. Yarosh D, Klein J, O’Connor A, Hawk J, Rafal E, Wolf P: 
Effect of topically applied T4 endonuclease V in liposomes on skin 
cancer in xeroderma pigmentosum: a randomised study. Xeroderma 
Pigmentosum Study Group. Lancet. 2001;357:926-9.
37. Zahid S, Brownell I: Repairing DNA damage in xeroderma 
pigmentosum: T4N5 lotion and gene therapy. J Drugs Dermatol. 
2008;7:405-8.
38. Goukassian DA, Helms E, van Steeg H, van Oostrom C, Bhawan 
J, Gilchrest BA: Topical DNA oligonucleotide therapy reduces UV 
induced mutations and photocarcinogenesis in hairless mice. Proc 
Natl Acad Sci USA. 2004;101:3933-8.
39. DeBuys HV, Levy SB, Murray JC, Madey DL, Pinnell SR: 
Modern approaches to photoprotection. Dermatol Clin. 2000;18:577-
90.
40. Stahl W, Heinrich U, Aust O, Tronnier H, Sies H: Lycopene-rich 
products and dietary photoprotection. Photochem Photobiol Sci. 
2006;5:238-42.
41. Palombo P, Fabrizi G, Ruocco V, Ruocco E, Fluhr J, Roberts R, et 
al: Beneficial long-term effects of combined oral/topical antioxidant 
treatment with the carotenoids lutein and zeaxanthin on human skin: 
a double-blind, placebocontrolled study. Skin Pharmacol Physiol. 
2007;20:199-210.
42. Eberlein-Konig B, Ring J: Relevance of vitamins C and E in 
cutaneous photoprotection. J Cosmet Dermatol. 2005;4:4-9.
43. Cesarini JP, Michel L, Maurette JM, Adhoute H, Bejot M: 
Immediate effects of UV radiation on the skin: modification by 
an antioxidant complex containing carotenoids. Photodermatol 
Photoimmunol Photomed. 2003;19:182-9.
44. Greul AK, Grundmann JU, Heinrich F, Pfitzner I, Bernhardt 
J, Ambach A, et al: Photoprotection of UV-irradiated human skin: 
an antioxidative combination of vitamins E and C, carotenoids, 
selenium and proanthocyanidins. Skin Pharmacol Appl Skin Physiol. 
2002;15:307-15.
45. Wei H, Saladi R, Lu Y, Wang Y, Palep SR, Moore J, et al: 
Isoflavone genistein: photoprotection and clinical implications in 
dermatology. J Nutr. 2003;133:3811-9.
46. Rhodes LE, O’Farrell S, Jackson MJ, Friedmann PS: Dietary 
fishoil supplementation in humans reduces UVB-erythemal 
sensitivity but increases epidermal lipid peroxidation. J Invest 
Dermatol. 1994;103:151-4.
47. Gonzalez S, Pathak MA: Inhibition of ultraviolet-induced 
formation of reactive oxygen species, lipid peroxidation, 
erythema and skin photosensitization by Polypodium leucotomos. 
Photodermatol Photoimmunol Photomed. 1996;12:45-56.
48. Gomes AJ, Lunardi CN, Gonzalez S, Tedesco AC: The antioxidant 
action of Polypodium leucotomos extract and kojic acid: reactions 
with reactive oxygen species. Braz J Med Biol Res. 2001;34:1487-
94.
49. Zattra E, Coleman C, Arad S, Helms E, Levine D, Bord E, et 
al: Oral Polypodium leucotomos decreases UV-induced Cox-2 
expression, inflammation, and enhances DNA repair in Xpc +/- mice. 
Am J Pathol. 2009;175:1952-61.

50. Capote R, Alonso-Lebrero JL, Garcia F, Brieva A, Pivel JP, 
Gonzalez S: Polypodium leucotomos extract inhibits trans-urocanic 
acid photoisomerization and photodecomposition. J Photochem 
Photobiol B. 2006;82:173-9.
51. Villa A, Viera MH, Amini S, Huo R, Perez O, Ruiz P, et al: 
Decrease of ultraviolet A lightinduced „common deletion” in healthy 
volunteers after oral Polypodium leucotomos extract supplement in a 
randomized clinical trial. J Am Acad Dermatol. 2010;62:511-3.
52. Katiyar S, Elmets CA, Katiyar SK: Green tea and skin cancer: 
photoimmunology, angiogenesis and DNA repair. J Nutr Biochem. 
2007;18:287-96.
53. Vayalil PK, Mittal A, Hara Y, Elmets CA, Katiyar SK: Green 
tea polyphenols prevent ultraviolet light-induced oxidative damage 
and matrix metalloproteinases expression in mouse skin. J Invest 
Dermatol. 2004;122:1480-7.
54. Levy SB: Sunscreens. In: Wolverton SE, editor. Comprehensive 
dermatologic drug therapy. 2nd ed. Philadelphia: Saunders; 2007. p. 
703-18.
55. Antoniou C, Kosmadaki MG, Stratigos AJ, Katsambas AD: 
Sunscreens- what′s important to know. J Eur Acad Dermatol 
Venereol. 2008;22:1110-8.
56. Barr J: Spray-on sunscreens need a good rub. J Am Acad 
Dermatol. 2005;52:180-1.
57. Lim HW: Photoprotection and sun-protective agents. In: Wolff K, 
Goldsmith LA, Katz SI, Gilchrest BA, Paller AS, Leffell DJ, editors. 
Fitzpatrick′s dermatology in general medicine. 7 th ed. New York: 
McGraw-Hill; 2008. p. 2137-41.
58. Hexsel CL, Bangert SD, Hebert AA, Lim HW: Current sunscreen 
issues: 2007 Food and Drug Administration sunscreen labelling 
recommendations and combination sunscreen/insect repellent 
products. J Am Acad Dermatol. 2008;59:316-23.
59. Young AR, Walker SL: Acute and chronic effects of ultraviolet 
radiation on the skin. In: Wolff K, Goldsmith LA, Katz SI, Gilchrest 
BA, Paller AS, Leffell DJ, editors. Fitzpatrick′s dermatology in 
general medicine. 7 th ed. New York: McGraw-Hill; 2008. p. 2137-
41.
60. Norval M, Wulf HC: Does chronic sunscreen use reduce vitamin 
D production to insufficient levels? Br J Dermatol. 2009;161:732-6.
61. Sollitto RB, Kraemer KH, DiGiovanna JJ: Normal vitamin D 
levels can be maintained despite rigorous photoprotection: Six years′ 
experience with xeroderma pigmentosum. J Am Acad Dermatol. 
1997;37:942-7.
62. Wang SQ, Stanfield JW, Osterwalder U: In vitro assessments of 
UVA protection by popular sunscreens available in the United States. 
J Am Acad Dermatol. 2008;59:934-42.
63. Lim HW, Naylor M, Hönigsmann H, Gilchrest BA, Cooper K, 
Morison W, et al: American academy of dermatology consensus 
conference on UVA protection of sunscreens: Summary and 
recommendations. J Am Acad Dermatol. 2001;44:505-8.
64. Rai R, Srinivas CR: Photoprotection. Indian J Dermatol Venereol 
Leprol. 2007;73:73-9.
65. Draelos ZD: Compliance and sunscreens. Dermatol Clin. 
2006;24:101-4.
66. Kaimal S, Abraham A: Sunscreens. Indian J Dermatol Venereol 
Leprol. 2011;77:238-43.

374   © Our Dermatol Online 3.2013


