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Abstract 

Ultraviolet (UV) exposure induces photodamage of skin. It is a matter of concern that the level 
of UV radiation reaching the earth surface is increasing as a result of depletion of the 
stratospheric ozone, and climate change. It is urgently necessary to develop strategies to 
protect the skin from UV-induced injuries. Tea extracts are gaining increasing attention as a 
supplement in skin care products. However, the factors contributing to the photoprotective 
effects of tea extracts have not been systematically defined and conflicting results about the 
effect of tea extracts on photodamage have been reported. In this paper, the literature dealing 
with the use of tea and its extracts for the prevention of photodamage to the skin as well as 
the photoprotective effects of tea and its extracts have been highlighted. The potential 
chemopreventive agents in tea include catechins, caffeine, polysaccharides, apigenin and 
luteolin which inhibit, reverse or retard the process of the skin photodamage via their 
sunscreen and antioxidant properties, regulation of signal transduction pathway and gene 
expression, alleviation of DNA damage, and modulation immunological function are also 
presented. Existing gaps in this research field include incomplete clarity of 
photochemopreventive mechanism of tea, the adverse or side effects of tea extracts owing to 
residues or impurity and the instability of the functional components of tea during storage.   
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INTRODUCTION 
 
The solar ultraviolet (UV) radiation reaching the 
earth’s surface is increasing because of 
depletion of the ozone layer. Chronic solar UV 
radiation to mammalian skin induces a number of 
biological responses resulting in the development 
of erythema, edema, sunburn cell, hyperplastic 
response, photoageing and skin cancer. UV 
radiation is considered to be a major factor 

causing skin cancer and other skin and eye 
diseases [1]. Ultraviolet consists of UVA (320-
400 nm), UVB (280-320 nm) and UVC (200-280 
nm). Overdose of UVA can cause acceleration of 
skin ageing, and promote photodermatosis and 
phototoxic reactions, which is a possible 
carcinogen. Overdose of UV-B can cause acute 
chronic reactions and damages such as skin 
reddening or sunburn, increase risks of 
melanoma, eye damage, and even DNA damage 
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in case of high dosage [2]. UVC is intercepted by 
ozone layer and most of it cannot reach to the 
earth surface [3]. It is necessary to develop a 
proper mean to protect human skin and eyes 
from both UVA and UVB radiation damages. 
 
Experiments in vivo and in vitro show that green 
tea polyphenols (GTPs) enhanced intracellular 
antioxidant defense and promoted the down 
regulation of proapoptotic genes, and they could 
be used to fight against the dysfunction induced 
by UV radiation. The major components of GTPs 
are catechins including (-)-epigallocatechin 
gallate (EGCG), (-)-epicatechin gallate (ECG), (-
)-epigallocatechin (EGC) and (-)-epicatechin 
(EC). The research advances in anti-
inflammatory, antioxidant and anti-carcinogenic 
effects of GTPs against UVA/B irradiation were 
reviewed in the present paper. 
 
ANTI-PHOTOCARCINOGENIC EFFECTS 
 
Chronic oral feeding of GTPs (0.1 %w/v) in 
female SKH-1 hairless mice resulted in 
significantly (p < 0.01) lower tumor yield (percent 
of animals with tumors and number of tumors per 
mouse) induced by UVB as compared to animals 
receiving normal drinking water. Topical 
application of GTPs before UVB irradiation also 
afforded protection against photocarcinogenesis; 
however, the protective response was lower than 
that observed by oral feeding of GTPs in drinking 
water [4]. Record and Dreosti [5] confirmed that 
oral administration of black tea inhibited the 
formation of UV-induced skin tumors in hairless 
mice, in a dose-dependent manner and even 
when it was consumed with milk, the growth 
inhibition of UV-related skin tumors was 
observed. However, the mice consuming tea with 
10 % whole milk had 30 % fewer papillomas, 50 
% fewer tumors, and 55 % smaller lesions than 
the control mice consuming water. Mice 
consuming tea alone had fewer papillomas and 
tumors than mice consuming tea with milk. 
Consumption of either green or black tea 
resulted in significantly fewer skin papillomas and 
tumors induced by UVA+B light. Record and 
Dreosti [6] observed that black tea provided 
better protection against UVB-induced tumors 
than green tea. 
 
EGCG is the most abundant functional 
component in tea. Molecular modification of 
EGCG improved its bioactivity. Osanai et al 
found that O-acetylated (-)-EGCG analogs 
possessing a p-NH2 or p-NHBoc (Boc; tert-
butoxycarbonyl) D-ring (5 and 7) acted as novel 
tumor cellular proteasome inhibitors and 
apoptosis inducers with potency similar to natural 
EGCG and EGCG peracetate [7].  

Studies on anti-photocarcinogenic effect of GTPs 
showed that oral administration of GTPs inhibited 
UVB-induced cancers by affecting several 
biomarkers involved in UV-carcinogenesis, 
including inhibition of angiogenic factors and 
recruitment of cytotoxic T cells in the tumor 
microenvironment. Test showed that oral 
administration of GTPs reduced UVB-induced 
tumor incidence (35%), tumor multiplicity (63%), 
and tumor growth (55%). The GTPs-UVB group 
had reduced expression of the matrix 
metalloproteinases (MMP)-2 and MMP-9, which 
play crucial roles in tumor growth and 
metastasis, and enhanced expression of tissue 
inhibitor of MMP in the tumors compared with the 
control mice that were treated with UVB alone. 
The GTPs-UVB group also had reduced 
expressions of CD31 and vascular endothelial 
growth factor, which are essential for 
angiogenesis, and inhibited expression of 
proliferating cell nuclear antigen in the tumors 
compared with the UVB group[8].  
 
The anti-photocarcinogenic effect of green tea is 
considered to act via its antioxidant activity and 
regulation of proto-oncogene proteins c-fos and 
P53. EGCG (10-50 μM) afforded protection 
against the oxidative stress of UVA radiation 
(100-500 KJ/m2) in terms of biological endpoints 
relevant to carcinogenesis [9].Treatment of 
psoralen plus UVA induced accumulation of c-fos 
and P53. However, oral administration of 0.4% 
and 0.8% green tea extract (GTE) before 
psoralen plus UVA treatment inhibited the c-fos 
protein accumulation by 18.5 % and 46.2 % (p < 
0.05) respectively, and the P53 protein 
accumulation by 26.1 % and 54.3% (p < 0.05) 
respectively. Oral administration of 0.4 % and 0.8 
% GTE 1 d after treatment of psoralen plus UVA 
treatment was effective in reducing inflammatory 
responses induced by psoralen plus UVA [10]. 
 
ATTENUATION OF SKIN SUNBURN 
 
GTE produced absorbance at 290-320 nm 
wavelength range and its sun protection factor 
(SPF) was 18.10±0.05[11]. Histologically, UVB 
irradiation induced thinning of living skin 
equivalents (LSEs) epidermis, whereas EGCG 
treatment led to thickening of the epidermis, 
resulting in protection of LSEs against damage 
and breakdown caused by UVB exposure 
[12].GTPs protected cells from UVB damage 
through its attenuation of mitochondria 
dysfunction [13-14]. Participants treated with a 
combination regimen of topical and oral green 
tea showed histological improvement in elastic 
tissue content. Green tea polyphenols have been 
postulated to protect human skin from the 
cutaneous signs of photoageing [15]. Topical 
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application of white tea offered protection against 
detrimental effects of UVA and UVB on 
cutaneous immunity. It was considered that both 
green tea and white tea were potential 
photoprotective agents that might be used in 
conjunction with established methods of sun 
protection [15]. Regular intake of green tea 
component EGCG strengthened the skin’s 
tolerance by increasing minimal erythema dose 
(MED) and thus prevented UV-induced 
perturbation of epidermal barrier function and 
skin damage [16]. Experiments showed that GTE 
provided substantial photoprotective effects 
against UVA/B damages [17], based on the 
examination of skin barrier damage (TEWL), 
erythema, histological alterations and sunburn 
cell formation induced by UVA/B irradiation. 
EGCG and ECG polyphenolic fractions were 
most efficient at inhibiting erythema, whereas 
EGC and EC had little effect. 
 
In addition to GTPs, caffeine and tea 
polysaccharides (TPS) offered the activity of 
attenuating skin sunburn. There was study 
revealing that combined application of EGCG 
with caffeine showed synergistic effect of UV 
protection [18]. Higher purity TPS had good 
moisture absorption and retention abilities but 
little promoting effect on fibroblasts proliferation. 
GTPs protected skin against UV rays and 
enhanced proliferation of fibroblast cells 
significantly and had good tyrosinase inhibitory 
effects [19]. However, the effects of green tea 
extract depended on the application method [20].  
 
The skin sunburn attenuating effect of GTE is 
considered to be related to its activities of 
antioxidation, inhibiting the decrease of dermal 
collagen and preventing from DNA damage. 
Studies using guinea pigs, hairless mice and 
human dermal fibroblast cultures showed that 
EGCG-treatment lipid significantly reduced 
peroxidation. The amount of lipid peroxides 
produced in the 1 % EGCG aqueous solution 
treatment was significantly lower than that of 
water control after UVA and UVB irradiation. 
EGCG treatment also significantly reduced UVB-
induced erythema and UVA-induced skin 
damage (roughness and sagginess) by inhibiting 
the decrease of dermal collagen in hairless 
mouse skin. There was test showing that EGCG 
treatment blocked the UV-induced increase of 
collagenase mRNA expression level in fibroblast 
culture. The nuclear transcription factors NF-kB 
and AP-1 binding activities were also inhibited by 
EGCG treatment [21]. Histological examination 
showed that the skin treated with GTE had less 
sunburn cells and GTE protected epidermal 
Langerhans cells from UV damage by reducing 
the DNA damage [22]. 

IMMUNOLOGICAL MODULATION 
 
Exposure of skin to UV radiation can cause 
diverse biological effects such as inflammation, 
alteration in cutaneous immune cells and 
impairment of contact hypersensitivity (CHS) 
responses. There were in vivo observations 
showing that GTPs are photoprotective, and can 
be used as pharmacological agents for the 
prevention of solar UVB light-induced skin 
disorders associated with immune suppression 
[23]. Laboratory tests showed that oral feeding or 
topical application of GTPs afforded protection 
against UVB induced immunosuppression and 
cutaneous inflammatory responses in C3H mice. 
The topical application of GTPs or EGCG prior to 
exposure to UVB protected against UVB-induced 
local and systemic immune suppression in 
laboratory animals. Topical application of GTPs 
(1 - 6 mg/animal), 30 min prior to or 30 min after 
exposure to a single dose of UVB (2 kJ/m2) 
resulted in significant protection against local (25 
– 90 %) and systemic suppression (23 – 95 %) of 
CHS and inflammation in mouse dorsal skin (70 
– 80 %). These protective effects were dose-
dependent. Among the four major epicatechin 
derivatives present in GTPs, EGCG was found to 
be the most effective in affording protection 
against UVB-caused CHS and inflammatory 
responses [24]. Cyclobutane pyrimidine dimers 
(CPD) are considered to be mediators of UVB-
induced immune suppression and skin cancer 
induction. Studies on human skin showed that 
GTPs prevented penetration of UV radiation in 
human skin by reducing CPD in the reticular 
dermis.  
 
Interleukin-10 (IL-10) is an anti-inflammatory 
cytokine, while IL-12 plays an important role in 
the activities of natural killer cells and T 
lymphocytes. IL-12 mediates enhancement of the 
cytotoxic activity of NK cells. UVB radiation 
induces expression of IL-10 but suppresses 
expression of IL-12. The preventive effect of 
EGCG on UV-induced immunosuppression is 
considered to be mediated by IL-10 and IL-12. 
There were studies showing that EGCG 
treatment resulted in reduction of the UVB-
induced IL-10 in skin and in draining lymph 
nodes, and an elevated amount of IL-12 in 
draining lymph nodes. Topical treatment with 
EGCG prevented UV-induced suppression of 
CHS in wild-type (WT) mice but did not prevent it 
in IL-12 knockout mice. Injection of anti-IL-12 
monoclonal antibody to WT mice blocked the 
preventive effect of EGCG on UV-induced 
immunosuppression [25].  
 
Macrophages and neutrophils are associated 
with induction of UVB-induced suppression of 
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CHS responses and CD11b is a cell surface 
marker for activated macrophages and 
neutrophils. EGCG treatment of mouse skin 
inhibited UVB-induced infiltration of CD11b1 
cells. Topical application of EGCG before UVB 
exposure reduced the number of CD11b 
+monocytes/macrophages and neutrophils 
infiltrating into skin inflammatory lesions, which 
are considered to be responsible for creating the 
UV-induced immunosuppressive state. It was 
proposed that EGCG protected against UVB-
induced immunosuppression and tolerance 
induced by: (1) blocking UVB induced infiltration 
of CD11b + cells into the skin; (2)reducing IL-10 
production in skin and in draining lymph nodes 
(DLN); (3) markedly increasing IL-12 production 
in DLN [26]. 
 
ALLEVIATION OF DNA DAMAGE 
 
DNA damage is a response of UV-induced 
photoageing, which results in skin inflammation, 
photoageing, and photocarcinogenesis. 
Pyrimidine dimers are molecular lesions formed 
from thymine or cytosine bases in DNA via 
photochemical reactions. UV light induces the 
formation of covalent linkages by reactions 
localized on the C=C double bonds. Cyclobutane 
pyrimidine dimers (CPDs) are common UV 
products. A CPD contains a four membered ring 
arising from the coupling of the C=C double 
bonds of pyrimidines. Such dimers interfere with 
base pairing during DNA replication, leading to 
mutations. UVB induced CPDs. Treatment of 
human skin with varying doses of GTPs (1-4 
mg/2.5 cm2 of skin area) before a single dose of 
UVB exposure (4 MED) decreased the formation 
of UVB-induced CPDs dose-dependently in both 
epidermis and dermis [27]. 
 
IL-12 was shown to induce DNA repair. It is 
considered that the reduction of UV-induced cell 
death by GTPs is mediated via IL-12. KB cells 
and normal human keratinocytes were exposed 
to GTPs 5 h before and after UVB and the test 
showed that GTPs treatment reduced UVB-
induced apoptosis. However, the cell death 
reduction was almost completely reversed upon 
addition of an anti-IL-12-antibody. The test 
confirmed that GTPs induced the secretion of IL-
12 in keratinocytes [25, 28]. It was presumed 
proposed that topical application or oral 
administration of green tea through drinking 
water of mice prevented UVB-induced skin tumor 
development through rapid repair of DNA 
induced by IL-12 [29]. 
 
Flavonoid luteolin is one of tea components with 
antioxidative activity in addition to catechins. 
Spectrophotometric measurements revealed that 

UV transmission of luteolin below 370 nm was 
<10%.In human skin, luteolin effectively reduced 
the formation of UVB-induced CPDs. The test of 
free radical scavenging activity showed that the 
half-maximal effective concentration (EC50) of 
luteolin (12 μg/ml) was comparable to those of 
Trolox (25 μg/ml) and N-acetylcysteine (32 
μg/ml) in the cellfree DPPH assay system. 
However, luteolin (EC50 3 μg/ml) was much 
more effective compared to Trolox (EC50 12 
μg/ml) and N-acetylcysteine (EC50 847 μg/ml) in 
the H2DCFDA assay performed with UVB-
irradiated keratinocytes. Luteolin was also 
confirmed to be effective in inhibiting both UVB-
induced skin erythema and the upregulation of 
cyclooxygenase-2 and prostaglandin E2 
production in human skin via interference with 
the MAPK pathway [30;31]. 
 
ANTIOXIDATION 
 
Anti-oxidants have attracted a lot of interest on 
account of their function to protect the skin from 
oxidative stress induced by UV radiation. UVA/B 
damage to skin keratinocytes in vitro is similar to 
that for reactive oxygen species (ROS) and that 
GTPs protects against UVA/B-induced 
cytotoxicity by inhibiting lipid peroxidation and 
apoptosis. There was study showing that UVA or 
ROS increased the release of plasma enzyme 
lactate dehydrogenase ( LDH) and increased 
lipid peroxidation production (malondialdehyde, 
MDA) , but decreased the activity of glutathione 
peroxidase (GSH-Px) [32]. UVA or ROS 
decreased the proliferative index (PI), and 
blocked the cell growth in the S/G2 phase, 
leading to an increase in the percentage of 
apoptosis in primary keratinocytes. Tests showed 
that GTPs stabilized and protected cell 
membranes from ROS or UVA damages and 
modified the UVA or ROS-induced changes in PI 
and apoptosis via inhibiting the release of LDH, 
lowering MDA levels, and increasing GSH-Px 
activity. A formulation containing tannase-
converted green tea extract (FTGE) was effective 
in protecting skin from UVB photodamage. 
Significant (p < 0.05) prevention of the reduced 
form of glutathione (GSH) depletion and 
significant (p < 0.05) decreases in thiobarbituric 
acid-reactive substance levels were observed in 
mice treated with FTGE [33].  
 
Antioxidant activity of GTPs varied with the 
structure of polyphenol molecules. EGCG 
showed the highest antioxidant activity, followed 
by GCG, EGC and EC in a decreasing order. 
EGCG showed significantly stronger 
antioxidative activity than α-tocopherol at the 
later oxidation stage (p<0.05) due to the higher 
stability of EGCG [34]. Experiment showed that 
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catechol derivatives of aminopyrazine were more 
active than EGCG in reducing cell mortality. 
EGCG decreased the level of matrix 
metalloprotienases (MMPs) production and 
increased tissue inhibitor TIMP-1 expression 
level [35]. EGCG was proved to be much more 
effective in ROS-related conditions than retinoic 
acid (AR)[36]. Additive synergistic effect of 
antioxidant activity was observed when green tea 
extract was applied with ascorbic acid[11]. It was 
revealed that 0.001 %w/v of GTPs alone, and in 
combination with 0.1 mM caffeine, inhibited the 
upregulation of H2O2-generated free radicals and 
4-hydroxy-2-nonenal (HNE) in human skin 
fibroblasts in vitro, but caffeine alone showed 
limited antioxidant properties [37]. 
 
The infiltrating leukocytes are considered to be 
the major source of generation of ROS [38]. 
EGCG inhibited UV-induced infiltration of 
inflammatory leukocytes, particularly CD11b+ 

cells (a surface marker of 
monocytes/macrophages and neutrophils), into 
the skin, which are considered to be the major 
producers of ROS [23].Topical application of 
EGCG (3 mg/2.5 cm2) before UVB (4 MED) 
exposure to human skin significantly blocked 
UVB-induced infiltration of leukocytes and 
reduced myeloperoxidase activity.  
 
GTPs increased activities of antioxidases under 
UV stress conditions. Dietary supplementation 
with tea catechin could protect epidermal cells 
against UVB-induced damage by modulating 
antioxidant enzyme activities. Experiment 
showed that the superoxide dismutase (SOD) 
and catalase (CAT) activities of regular diet (RD) 
group BALB/c mice decreased after UVB 
irradiation, while those of the 2 % catechin-
supplemented diet (2CSD) and the 4 % catechin-
supplemented diet (4CSD) groups increased 
immediately after irradiation and then decreased 
(p < 0.05) [39]. The GPx activities of the 4CSD 
and the 2CSD groups increased immediately 
after UVB irradiation, but that of the RD group 
decreased. A single UV exposure of 4 MED to 
human skin increased catalase activity by 109-
145% and lowered glutathione peroxidase (GPx) 
activity (36 - 54 %) and total glutathione (GSH) 
level (13 -36 %). Pretreatment with EGCG was 
found to restore the UV-induced decrease in 
GSH level and afforded protection to the 
antioxidant enzyme GPx [40]. 
 
The c-Jun NH2-terminal kinase (JNK) pathway 
plays an anti-apoptotic role. There was study 
revealing that UVB irradiation increased 
intracellular ROS in ARPE19 cells, resulting in 
apoptosis, accompanying with decrease in the 
phosphorylation of JNK1 [41]. Inhibition of JNK 

with a specific inhibitor augmented this 
apoptosis, and anisomycin (an activator of JNK) 
attenuated this apoptosis. EGCG reduced the 
ROS generation and apoptosis, and also partially 
blocked the decreased phosphorylation of JNK1 
and c-Jun by UVB irradiation. When 
keratinocytes were photodamaged, ECG could 
act as a free radical scavenger by inhibiting cell 
membrane lipid peroxidation and H2O2 
generation [42].  
 
The deleterious effects of excessive release of 
nitric oxide (NO) have been implicated in the 
tissue damage and inflammation. Hepatocytes 
activated with 12-O-tetradecanoyl phorbol 13-
acetate (TPA, 25 ± 200 nM) released NO in a 
concentration- and time-dependent manner. 
GTPs were effective in inhibiting TPA-induced 
NO generation by 90 % [43]. It was confirmed 
that application of EGCG (1 mg/cm2 skin) before 
a single UV exposure of 4 MED markedly 
decreased UV-induced production of nitric oxide 
(30 – 100 %) in both epidermis and dermis in a 
time-dependent manner [40].  
 
REGULATION OF GENE EXPRESSION 
 
The photo-protective mechanisms of EGCG on 
UVB-induced skin damage were shown to 
decrease UVB-induced cell cytotoxicity and 
apoptosis and to inhibit the mRNA expressions of 
apoptosis-regulatory gene (such as p53 and p21) 
and proto-oncogene c-fos gene [44]. EGCG 
inhibited and down-regulated the UVB-induced 
activation and translocation of nuclear factor 
kappa B (NF-kB), expression of inducible nitric 
oxide synthase (iNOS) mRNA and generation of 
NO respectively, suggesting that EGCG may 
play a protective role from UVB-induced skin 
damage[45]. Tea contains flavonoids apigenin 
and luteolin, which are confirmed to inhibit ROS 
production in HaCaT cells exposed to UVA 
irradiation. Pre-treatment of HaCaT cells with 
apigenin and luteolin inhibited UVA-induced 
production of the collagenase matrix 
metalloproteinase (MMP)-1. They could suppress 
UVA-induced expression of c-Jun and c-Fos and 
the phosphorylation of three MAP kinases, 
upstream modulators of AP-1. Tea catechins at 
levels 250 - 1000 mg/L screened off UV-B, 
resulting in less expression of chalcone synthase 
gene [46]. Tests on volunteers showed that UV 
radiation induced cutaneous erythema, over 
expression of cytokeratins (CK) 5/6, CK16, MMP-
2, MMP-9, and depletion of CD1a+ Langerhans 
cells (LCs). GTE conferred significant protection 
against the photoageing and photoimmunology-
related biological events [47]. 
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Catechin prevented UVB-induced human 
keratinocyte death via inhibition of JNK 
phosphorylation[48], as well as mitogen-activated 
protein kinase (MAPK) pathway and NF-kB 
pathway [49]. Treatment of the normal human 
epidermal keratinocytes (NHEK) with EGCG (10-
40 μM) for 24 h resulted in a significant inhibition 
of UVB (40 mJ/cm2)-mediated degradation and 
phosphorylation of IkBα and activation of MAPK 
and IKKα, in a dose-dependent manner. 
Modulation of the NF-kB pathway plays a critical 
role in a variety of physiological functions and is 
involved in inflammation and development of 
cancer. EGCG protected against the adverse 
effects of UV radiation via modulations in NF-kB 
pathway [49]. GTPs protected RPE cells from 
UVB damage through its increase in the survivin 
gene expression [14,50,51]. Immunohisto-
chemically, the expressions of p53, Fas and 8-
hydroxy-deoxyguanosine (8-OHdG) are markers 
of apoptosis. Test showed that EGCG treatment 
reduced the levels of UVB-induced apoptotic 
markers in the LSEs [12].  
 
EXISTING GAPS 
 
The molecular mechanism of photochemo-
preventive effects of tea is incompletely 
understood [49], and there were conflicting 
results about the photoprotective effect of tea 
components. There was a study showing that the 
application method of EGCG influenced its 
photoprotective efficacy. The photoprotective 
effect of EGCG was observed when it was 
applied topically before UVA exposure, but no 
benefit was detected when it was applied after 
UV exposure [20]. Oral administration of green 
tea polyphenols (GTP) in drinking water (d.w.) 
significantly prevented single or multiple UVB 
irradiation-induced depletion of antioxidant 
enzymes, oxidative stress, but its photoprotective 
efficacy was lesser than that of topical treatments 
of GTP. The less photoprotective efficacy of GTP 
by oral administration in comparison with topical 
application might be due to its less bioavailability 
in skin target cells [52]. The absorption 
mechanism of tea components by human or 
animal has not been fully understood. It was 
considered that the gastrointestinal environment 
and epithelial transport process could affect the 
molecular modification and biological activity of 
orally ingested tea components. Chromato-
graphic study showed that some compounds in 
the crude tea extracts were either not transported 
across a tested cell monolayer or they were 
metabolized during passage through the cells. 
Chemical modification or degradation of tea 
chemicals were token place when they were 
exposed to gastrointestinal conditions. The crude 
tea extracts exhibited reduced antimicrobial 

activity after exposure to simulated gastric fluid, 
while no antimicrobial activity was detected after 
exposure to simulated intestinal fluid [53]. Basic 
studies should be designed to further reveal the 
absorption and photoprotection mechanism of 
tea components so as to provide theoretical 
guidance for the development of appropriate 
application methods. 
 
Adverse events including excess gas, upset 
stomach, nausea, heartburn, stomach ache, 
abdominal pain, dizziness, headache, and 
muscle pain were observed during a 4-week oral 
administration of EGCG extracted from green tea 
[54]. These might be related to chemical residues 
in the extracted products. Cyclic oligomers 
residues were detected in tea catechins isolated 
by polyamide-6 column [55]. There are many 
kinds of chemicals in tea extracts such as 
catechins, caffeine and theanine, and various 
chemicals have different effects on UV radiation. 
Topical application of caffeine to the dorsal skin 
of SKH-1 mice immediately after UVB irradiation 
enhanced UVB-induced apoptosis of sunburn 
cells and increases in caspase-3 enzyme activity 
in the epidermis [56]. These suggest that green 
chemical method should be developed to isolate 
and purify functional components from tea to 
avoid the adverse effects from the chemical 
residues and the unwanted compounds.  
 
Stability of tea functional components such as 
catechins incorporated into the skin care 
products has influence on their photoprotective 
effect. The incorporation of green tea extract into 
gelatin films enhanced the DPPH diphenyl-picryl 
hydrazide) radical scavenging activity and 
reducing power. However, DPPH radical 
scavenging activity and reducing power 
decreased during its storage [57]. It was 
observed that browning took place during 
storage of skin cream supplemented with green 
tea catechins or EGCG. The instability of tea 
extracts is normally induced by degradation and 
oxidation of tea catechins. Development of 
techniques to stabilize tea components will be a 
hot issue in this research direction. 
 
CONCLUSION 
 
Excessive exposure of the skin to solar radiation, 
particularly UVA/B components, is responsible 
for skin cancers and photoageing. Much 
progress on photoprotection of tea has been 
made, showing that tea or GTE has the potential 
to protect the skin against the adverse effects of 
UVA/B radiation. The photoprotective agents in 
tea and tea extract include catechins, caffeine, 
polysaccharides, apigenin and luteolin (Table 1). 
They play crucial role in photoprotection via  
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Table 1: Potential chemopreventive agents in tea against UV-induced damage 
 

Component Type of tea Physiological function. Ref no. 
Tea polyphenols 
including catechins 

Green tea and 
white tea 

1. Protection against photocarcinogenesis; 
2. Activation of cytotoxic T cells and inhibition of 

angiogenesis in tumors;  
3. Inhibiting UVA-induced erythema; 
4. Attenuates mitochondrion-mediated apoptosis; 
5. Damaged DNA repair; 
6. Prevents UV-induced CD1a+ cells and generation of 

8-OHdG. 

4, 5, 8, 10, 
13, 14, 16, 
23,24, 27, 
28 

Theaflavins 
Thearubigins 

Black tea Protection against UVB-induced Tumors. 6 

Epigallocatechin-3-
gallate (EGCG) 

Green tea 1. Proteasome inhibitor and cancer cell apoptosis 
inducer; 

2. Antioxidant;  
3. Thickening epidermis; 
4. Reduces UVB-induced phosphorylation of JNK and 

p38 MAPK; 
5. Immunosuppression; 
6. Reduces UVB-induced inflammatory. 

7,9,12, 26, 
38 

Polysaccharides Green tea and 
oolong tea 

Inhibits tyrosinase 19 

Luteolin Green tea Antioxidant 31 
  

 
Figure 1: Photoprotective effects of tea extracts against ultraviolet A/B radiation 
↑ = up-regulation by tea;    ↓ = down-regulation by tea;  : Inhibition by tea. 
 JNK = c-Jun NH2-terminal kinase; c-Jun = a protein encoded by the JUN gene; MMP = matrix 
metalloproteinases; CD31 = cluster of differentiation 31; c-fos = a proto-oncogene that is the human 
homolog of the retroviral oncogene v-fos; P53 = tumor protein 53. 

 
antiphotocarcinogenesis, reduction of skin 
sunburn and decrease in inflammation (Figure 1). 
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