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The main environmental source for skin damage is ultraviolet (UV) radiation. Many adverse effects have been recognized as the
result of prolonged cutaneous exposure to solar ultraviolet radiation, such as erythema, edema, apoptosis, hyperplastic responses,
photo-aging, and skin cancer development. Green tea provides photo-protection against UV radiation through many mechanisms
including anti-inflammatory, immunomodulatory, and antioxidant properties. The aim of this study was to evaluate the effect of
green tea in reducing epidermal thickness onmouse’s skin exposed to UVB irradiation.Thirtymice (Musmusculus species, BALB/c
strain) underwent this study and were divided into 3 groups: control group (𝑛 = 10 mice), without UVB exposure and green tea
administration; exposure group (𝑛 = 10 mice), which were exposed to UVB light only; and treatment group (𝑛 = 10 mice),
which were exposed to UVB light and treated with 1mL of green tea through oral gavage. Mice from both groups (exposure and
treatment) were subjected to UVB irradiation 4 days/week (20 minutes/day, 4 weeks). It concluded that oral administration of
green tea was provided photo-protection against UVB induced hyperplasia; therefore, it can be regarded as a natural alternative for
photo-protection.

1. Introduction

The skin is comprised of the epidermis and the vascularized
dermis. It provides a vital self-protective barrier against
environmental insults [1]. The main types of cell in the
epidermis are keratinocytes that retain its function via a
multifarious and tightly controlled program of proliferation
and terminal differentiation [2]. Skin is frequently exposed
to a variety of environmental, chemical, and genotoxic agents
that contribute to disease and carcinogenesis [3]. Exposure
of skin to ultraviolet (UV) light is a mutual source of skin
damage and is the most important cause of skin cancer
[4]. Ultraviolet type-B (UVB) is the main component of
sunlight that leads to the great damage [5]. Most of the
UVB is absorbed by the ozone layer, only 1–5% reaches our
planet. However, UVB is more genotoxic and about 1000-
fold more capable of causing sunburn than UVA. UVB is less
penetrating and mainly acts in the epidermal basal cell layer
of the skin [6].

UV exposure, predominantly UVB (290–320 nm), is the
best source of free radicals and related reactive oxygen
species (ROS), which play an important role in carcinogen-
esis by directly damaging cellular macromolecules, includ-
ing DNA [7–9]. ROS are natural and inseparable part of
metabolism; in the skin, they are continually produced in
keratinocytes and fibroblasts and are rapidly removed by
enzymatic and nonenzymatic antioxidants; thismaintains the
prooxidant/antioxidant balance, thus resulting in cell and
tissue equilibrium [10–12].

Green tea is a dietary plant that contains an important
source of polyphenols and next to water, it is the secondmost
commonly consumed beverage in the world after black tea,
producedmainly from a single plant speciesCamellia sinensis
[13–15]. Green tea has potential beneficial effects such as
solar ultraviolet protection, antimutagenic, antidiabetic, anti-
inflammatory, anticancer, antioxidant, and immunomodu-
latory effects. Properties are attributed to the polyphenolic
compounds present in green tea, particularly the Catechins,
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whichmake up 30% of the dry weight of green tea leaves [16].
A new potential application of epigallocatechin-3-gallate has
a role in the prevention or treatment of inflammatory pro-
cesses and inhibits UV-induced oxidative stress production
[17–19].The aimof the current studywas to estimate the effect
of green tea in reducing epidermal thickness on mouse’s skin
exposed to UVB irradiation.

2. Material and Methods

2.1. Animal Model. After obtaining the approval from the
ethical committee/College of VeterinaryMedicine/Sulaimani
University, thirty adult albino mice from Mus musculus
species, BALB/c strain (15 males and 15 females) were used in
this experiment, each ofwhichweighing 25–35 g.The animals
were fed with standard pellet diet (Pico Lab) and provided
with water ad libitum. Animals were housed in the animal
house inDepartment of Biology, School of Science, Sulaimani
University, under a controlled room temperature about 25∘C
and photo-periodicity of 12 hours light/dark system. Animals
were assigned into three groups: control group (𝑛 = 10),
which were not exposed to UVB and not treated with green
tea; exposure group (𝑛 = 10) which were exposed to UVB
light only; and the remainder group (Treatment, 𝑛 = 10),
which were exposed to UVB and treated with green tea.

2.2. Treatment of Mice with Green Tea. Mice were treated
with green tea (Detox, tea pad powder 2.8 g). Five tea pads
(14 g) of this powder were weighed in a sensitive balance and
dissolved into 10mL of warm distilled water in a sterile flask
and then shaked well until the powder dissolved completely.
Each mouse was treated with 1mL (1.4mg/day in a single
dose) of green tea by oral gavage.

2.3. UVB Irradiation. The source of irradiation was a lamp of
312 nmwavelength, 15 watts; VILBER-LOURMAT-FRANCE.
Mice from both groups (exposure and treatment groups)
were exposed to UVB light for 20 minutes/day (4 days/week
for 4 consecutiveweeks) with a calculated power of 53mj/Sec.
This was done after making a window by shaving the mouse’s
back skin (2 × 5 cm).

2.4. Tissue Biopsy Collection. At the end of the experi-
ments, the animals were anesthetized by using ketamine
and xylazine and then euthanized by cervical dislocation.
Tissue samples were taken from the dorsal skin. The tissue
specimens were fixed at 10% neutral buffered formalin for
at least 24 hours and then routinely processed that were
performed in the Histopathology Lab of Consultative Hos-
pital/Sulaimani Governorate.The samples were embedded in
paraffin blocks and then cut the sections at a 5 𝜇m thickness
for Histopathology.

2.5. Histomorphometry. Sections of the dorsal skin were
checked out under ordinary light microscope; the mea-
surement and calculation of epidermal thickness from each
histological sections were carried out by using an image
analyzer (Scope image software 9.0 “H3D” computer system-
England, digital binocular compound microscope) in the

Table 1: The full epidermal thickness measurement for each indi-
vidual in different groups.

Control
group

Exposure
group

Treatment
group

Epidermal
thickness 𝜇m

6.75 70.5 20.12
6.97 74.58 20.14
6.99 89.7 21.13
7.04 91.4 22.6
7.05 95.6 26.1
7.43 97.2 26.23
7.45 100.9 34.2
7.59 101.9 35.4
7.8 111.3 35.5
7.95 114.7 39.3

Mean ± SEM 7.302 ± 0.126 94.778 ± 4.471 28.072 ± 2.319

Histology Department/College of Science/Salahaddin Uni-
versity/Erbil.The full epidermal thickness was checked out by
the measuring of epidermal length from the top layer (stra-
tum corneum) to the bottom layer (stratum basale) in five
fields with 100-fold magnifications (×100), representing the
epidermal thickness, and then the mean was calculated for
each sample.

2.6. Statistical Analysis. Epidermal thickness was measured
for each case and then mean was calculated and at the end
the measurements of each epidermal skin thickness (Mean ±
SEM) of different groups were compared with correspond-
ing epidermal skin thickness of the control group and
other groups. The data were analyzed with the SPSS version
program 15 (Student’s 𝑡-test (paired) and Pearson’s correlation
coefficients). A 𝑃 value of <0.05 was considered to be
significant.

3. Result

3.1. Gross and Microscopic Finding. Physical examination
revealed a variation among different groups as detected by
manual palpation and gross appearance; in the control group
there was a normal skin appearance which was a thin and
delicate layer, while in the exposure group variable lesions
also were recorded which were started from edema and
redness of the exposed area and ended with thickening
of the skin and ulceration in some regions at the end of
the experiment. However in treated group, the skin almost
remained intact with exception of skin thickness which were
1-2 times thinner than the exposed group (Figures 1(a)–1(c)).

Microscopically, the control group had normal skin
histology that is comprised of thin epidermis including 2-
3 layers, dermis, and hypodermis; the epidermis of exposed
group showed an increase in the number of keratinocytes
and epidermal layers (diffuse epidermal hyperplasia) in
contrast to the treatment group which developed moderate
hyperplasia within the same period of experiment (Figures
2(a)–2(c)).
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(a) (b) (c)

Figure 1: (a) Skin of the control group showed normal thickness; (b) redness and ulceration were found in the skin on exposure group; (c)
skin thickness slightly increased in the treated group.

(a) (b) (c)

Figure 2: Epidermal thickness in different groups; (a) normal epidermal thickness in the control group; (b) severely increasing epidermal
thickness in exposure group; (c) slightly increasing epidermal proliferation in the treated group (×100, H&E stains).

The most obvious lesion observed in the dermis was that
there were infiltration of the large number of inflammatory
cells including neutrophils, macrophages, and lymphocytes
whichwere diffusely infiltrated in the dermal layer of exposed
group while in treating group there was mildly infiltration of
inflammatory cells as shown in Figure 3.

3.2. Epidermal Thickness Measurements. Despite those skin
lesions which were observed above, epidermal thickness was
measured in different cases as shown in Table 1; then the
mean of the group was used as a baseline for differentiation
among different groups. In the control epidermal thickness
ranged from 6.75 to 7.95𝜇m and the mean of the group was
equal to 7.302±0.126, while epidermal thickness in exposure
group indicated an increase which ranged from 70.5 to
114.7 𝜇m and the mean was equal to 94.778 ± 4.471; this

meant that chronic UVB exposure led to an increase in the
epidermal thickness 12.979 times more than normal epider-
mal thickness (𝑡 = −20.086, 𝑃 = 0.000); this finding revealed
that there was a highly significant correlation between UVB
and increased epidermal thickness according to Pearson
correlation coefficient test as shown in Table 2 (𝑟 = 0.921,
𝑃 = 0.000). In treatment group epidermal thickness was
reduced in comparison to the exposure group which ranged
from 20.12 to 39.3 𝜇m and the mean of the group become
28.072 ± 2.319; it meant that green tea 9.135 times reduced
the hyperplastic role of UVB in comparison to exposure
group (𝑡 = 25.640, 𝑃 = 0.000) and 3.844 times greater than
control group (𝑡 = −9.439, 𝑃 = 0.000, 𝑟 = 0.944, 𝑃 = 0.000);
also, a positive, strong correlation was found between
the exposure group and treatment group (𝑟 = 0.897,
𝑃 = 0.000).



4 Advances in Biology

(a) (b) (c)

Figure 3: Microscopic views of dermis shows (a):The dermis of control mice, which contains fibroblasts and fewmacrophages as the normal
component of the tissue; (b) mildly infiltration of inflammatory cells in the treatment group; and (c) diffuse infiltration of inflammatory cells
in the exposure group (×400, H&E stains).

Table 2: The correlations between different groups by using Pearson’s correlation coefficient test.

Control group Exposure group Treatment group

Control group
Pearson correlation 1 0.921∗∗ 0.944∗∗

Sig. (2-tailed) 0.000 0.000
𝑁 10 10 10

Exposure group
Pearson correlation 0.921∗∗ 1 0.897∗∗

Sig. (2-tailed) 0.000 0.000
𝑁 10 10 10

Treatment group
Pearson correlation 0.944∗∗ 0.897∗∗ 1

Sig. (2-tailed) 0.000 0.000
𝑁 10 10 10

∗∗Correlation is significant at the 0.01 level (2-tailed).

4. Discussion

Ultraviolet radiation is a main environmental factor of skin
injury. Its effect on the skin’s biology and immune system
plays amajor role in photo-aging, inflammation, keratinocyte
proliferation, epidermal hyperplasia, and carcinogenesis [20,
21].

Our study revealed a significant association between
UVB irradiation and increasing epidermal thickness as we
observed epidermal thickness in exposure group 12.979 times
greater than normal epidermal thickness, this finding agrees
with previous reports which documented that UV radiation
on the skin induces a variety of responses in the epidermis,
including keratinocyte proliferation that leads to epidermal
hyperplasia [22–27]. But no previous studies have measured
the epidermal thickness induced by UVB in mouse skin.

In this study, UVB irradiation increased infiltration of
dermal inflammatory cells in the exposure group due to the
effect of chronic UVB irradiation. The inflammatory cells
are the potential mediating agents of UV-induced cytokines

that leads to epidermal proliferation of keratinocytes and
hyperplastic lesion [28–30].

In this current study, we determined that oral administra-
tion of green tea was effective in reducing the development
of the hyperplasia but not preventing it; this observation is
totally in agreement with Jurkiewicz study. In their study,
dietary supplementation of antioxidants was found to be less
effective than topical application due to the length of time
needed to reach optimal concentrations in the skin [31]; also
many studies reported that green tea reduced theUV-induced
hyperplastic response; it may be due to the antioxidant
properties of green tea, that is, increasing various cellular,
molecular, and biochemical mechanism, which is playing a
role in reducing the skin lesion development [32–34].

Despite the reduction of the hyperplastic effect of UVB
from green tea also the current study revealed that oral
administration of green tea reduced the infiltration of inflam-
matory cells; this finding is inconsistent with the previous
study, which proved the role of green tea as an anti-
inflammatory agent [35–37].
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5. Conclusion

Oral administration of green tea was provided photo-
protection against UVB induced hyperplasia; therefore, it can
be regarded as a natural alternative for photo-protection.
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