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Abstract

Background. Epigallocatechin gallate (EGCG), a green tea polyphenol, has potent antioxidant properties.
Objectives. The purpose of the present study was to examine the possible preventative effects of EGCG against
internal organ injury due to large-surface skin burns in a rat model.

Material and Methods. The study design involved three groups of rats: a sham group and two groups with 25-30%
full-thickness burns: (a) the sham group without burns or treatment (n = 18); (b) the control burn group (burns
+ sterile saline, n = 18); and (c) the burn treatment group (burns + treatment with EGCG, n = 18). EGCG was admin-
istered intraperitoneally immediately after the thermal injury, and daily in 100 umol/kg doses. Kidney and lung tissue
samples were taken to determine the levels of malondialdehyde (MDA), superoxide dismutase (SOD), tumor necrosis
factor-a (TNF-a), and glutathione peroxidase (GPX) after the first, third and seventh post-burn days.

Results. In the EGCG-treated burn group, SOD and GPX activity were significantly higher than in the burn control
group. Additionally, MDA and TNF-a levels were significantly lower in the EGCG-treated burn group.
Conclusions. Based on this study, it might be anticipated that EGCG treatment may be beneficial in burn injury

cases (Adv Clin Exp Med 2015, 24, 3, 409-417).
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The systemic inflammatory response to burn
injuries is extremely complex, resulting in deleteri-
ous systemic effects on distant internal organs. The
inflammation begins immediately after the burn
injury and the systemic response progresses with
time, usually peaking 5 to 7 days after the burn in-
jury. The inflammatory mediators are responsible
for many of the local changes and a majority of the
distant changes [1-2].

Severe thermal injury leads to systemic inflam-
matory reactions by producing burn toxins, reac-
tive oxygen species (ROS), and finally peroxidation

occurs. The relationship between the levels of free
radical scavengers and the amount of oxidative
metabolism products determines the outcome of
local and distant tissue damage and further distant
organ failure in burn injuries [3].

There is a sensitive equilibrium between the
production and destruction of ROS. When this
equilibrium breaks down, ROS are produced ex-
cessively and tissues are exposed to oxidative dam-
age [4].

Previous studies have demonstrated the pro-
tective effects of antioxidants in severe thermal
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injury. Therapeutic application of both enzymat-
ic and non-enzymatic antioxidants such as caffeic
acid phenethyl ester, superoxide dismutase (SOD),
alpha-tocopherol, ascorbic acid, ceruloplasmin,
desferrioxamine, allopurinol and N-acetylcysteine
have been shown to be effective [5-7].

The major bioactive compounds of green tea
are (-)-epigallocatechin-3-gallate (EGCG), (-)-epi-
gallocatechin (EGC), (-)-epicatechin-3-gallate
(ECG) and (-)-epicatechin (EC)-like polyphenolic
epicatechin. EGCG is the most effective and abun-
dant catechin in green tea [8]. Several studies have
demonstrated that EGCG has numerous biological
effects, which include antioxidant [9-10], antimi-
crobial [11], anti-inflammatory [12-13], anti-aller-
gic [14] and antineoplastic [15] activities.

In the present study, the protective effects of
EGCG treatment on lung and kidney tissues af-
ter thermal trauma in a rat model were investigat-
ed. The levels of MDA, TNF-a and the activities
of superoxide dismutase and glutathione peroxi-
dase were measured on the 1%, 3t and 7th day of
the post-burn period to determine the efficacy of
EGCG.

Material and Methods

The study protocol was approved by the Ege
University Ethics Committee on Research Animal
Use. Wistar albino rats of the same age, weighing
between 250-300 g, were used in the study. They
were obtained from the Experimental Research
Center of the Uludag University School of Medi-
cine and housed in separate cages under controlled
conditions, with a 12/12 h light-dark regimen.
The rats were fed with standard rat food pellets
and water ad libidum. Anesthesia was achieved
with a combination of ketamine (60 mg/kg) and
xylazine (7.5 mg/kg). The dorsum of the rat was
scrubbed with Betadine following removal of the
dorsal hair with an animal depilatory agent.

The rats were randomly divided into 3 groups.
The first group was designated the sham group,
without burns (n = 20); the second group (n = 20)

sham group (n=18)
(without burn of treatment)

control group (n = 18)
(burn + sterile saline)

burn treatment group (n = 18)
(burn +EGCG)

Fig. 2. Experimental design of the groups

was the control burn group (burns + sterile sa-
line), with burn injury without any therapy; the last
group (n = 20) was the burn treatment group (burns
+ EGCG), with burns and EGCG therapy.

Fig. 1. View of the rat dorsum after thermal trauma.
A - early period after thermal trauma; B - first day
after thermal trauma

Thermal Injury

In the 2 burn groups, full-thickness burns were
created on the backs of the rats with a metal probe.
The burn area was 25-30% of the total body sur-
face of each rat. The metal probe was placed in
boiling water (100°C) until the same temperature
was obtained. It was then placed on the dorsum of
the rats without pressure for 20 s under general an-
esthesia (Fig. 1) [16, 17]. For animal fluid resusci-
tation, 5 mL sterile saline solution (0.9%) was used.

Tested Drug

EGCG (DSM Nutrients Inc., Turkey) was dis-
solved in sterile saline and administered intraperitone-
ally to the rats in the burn treatment group in doses of
100 umol/kg. It was applied immediately after the burn
injury and continued with the same dose daily (Fig. 2).

Experiment

All groups were subdivided into 3 subgroups
according to the assessment time, either 1% day, 3rd
day, or 7% day. Four rats of in the burn groups died

N

1.day (n=6) MDA
kidney SOD
3. day (n = 6)———F——»
lung GPX
7.day (n= 6)_/ TNF-a
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on the first post-burn day and were excluded from
the study. Two rats in the sham group were ex-
cluded from the study because they were exhibit-
ing signs of excessive stress.

After the animals were sacrificed, all tis-
sues were washed twice with cold saline solution,
placed in a phosphate buffer, labeled and stored in
a freezer (-30°C) until processing. The tissues were
homogenized before biochemical evaluation. Lung
and kidney tissues were weighed and homogenized
(Ultra-turrax T25, Germany) on ice for 2 min at
10,000 rpm in a 1/9 ratio cold phosphate buffer
(100 mmol/L, pH 7.0). Sonification was performed
for 30 s on the homogenates obtained. Then the
homogenates were centrifuged at 10,000 *g for
30 min at +4°C. After centrifugation, the clear
upper supernatant fluid was taken to determine
MDA and TNF-a levels, as well as enzyme (SOD,
GPX) activity.

Determining Superoxide
Dismutase Activity

Superoxide dismutase activity was measured
based on the method described by Woolliams et al.
[18]. The concentrations were determined by the
use of a standard percentage inhibitory concentra-
tion chart that had been previously prepared. En-
zyme activity was determined as U/mL. The results
were obtained as U/mg-protein, by multiplying the
values by the dilution coefficient and then dividing
by the protein concentration.

Determining Glutathione
Peroxidase Activity

Glutathione peroxidase activity was measured
using the method described by Paglia and Val-
entine [19]. Glutathione peroxidase catalyzes the
oxidation of glutathione. Oxidized glutathione is
reduced by the glutathione reductase with the pres-
ence of NADPH. Meanwhile, NADPH is oxidized
to NADP+. The enzyme activity was calculated by
measuring the absorbance difference, which de-
pends on the decrease of NADPH at 340 nm.

The amount of homogenate protein was deter-
mined by the Lowry [20] method and the results
were obtained as U/mg-protein.

Determining MDA

MDA levels were measured using the thiobar-
bituric acid reactivity method described by Draper
and Hadley [21]. MDA is the end product of fat-
ty acid peroxidation. It reacts with 2-thiobarbituric
acid (TBA) and forms a colored complex, which
provides maximum absorbance at 532 nm.

MDA levels were found in nm/mL by using
the absorption coefficient of the MDA-TBA com-
plex at 532 nm (1.56 x 105 cm-1M-1). The results
were obtained as nanomoles/(mg-protein) by di-
viding the previously obtained values by the ho-
mogenate protein.

Determining TNF-a

TNF-a levels were investigated using the en-
zyme-binding immunosorbent assay (ELISA)
method in a semi-automatic device (Assay Rat
TNF-a ELISA kit, lot #: 978614A, Invitrogen, USA).

Statistical Analysis

All statistical analyses were carried out us-
ing SPSS statistical software (SPSS for Windows
v. 15.0). The variables between the 3 groups were
compared using the Kruskal-Wallis H-test. Sig-
nificant differences found in the Kruskal-Wallis
H-test were checked by the Bonferroni-corrected
Mann-Whitney U-test to determine which group
or groups were responsible for the significant dif-
ferences. A value of p < 0.05 in the Kruskal-Wallis
H-test and a value of p < 0.016 in the Bonferroni-
corrected Mann-Whitney U-test were considered
statistically significant.

Results

The detailed statistical analysis can be seen in
Tables 1-3. All the groups had 18 suitable rats for
the study; and 6 in each group were sacrificed for
analysis on the 1%, 3" and 7" days (Fig. 2). The dif-
ference in the number of rats per group in the sta-
tistical analysis depends on the assessment day in
each group. If statistical significance was found on-
ly on a single assessment day (the 1%, 3'4 or 7t), the
significant differences were found in only 6 rats in
each group. If statistical significance was found
on 2 assessment days (the 1*t and 3™ or 3™ and
7th days), the significant differences were found in
12 rats in each group. Lastly if statistical significance
was found on all 3 assessment days, the significant
differences were found in the 18 rats in each group.

Malondialdehyde Levels

MDA levels were higher in the control burn
group (burn + sterile saline, n = 18) than in the
burn treatment group (burn + EGCG, n = 18) on
the 1%, 3"4, and 7% days. These differences between
the 2 burn groups were significant (p < 0.016).
Kidney MDA levels in the control burn group
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Table 1. Mean distribution of enzyme levels in the kidney tissues on the 1%, 3" and 7® days

Enzyme Measurement | Sham group Control burn Burn treatment p*
time avr. £ SD median | avr. = SD median | avr. £ SD median
MDA day 1 0154012 | 010 | 042+001| 042 | 0310 031 | 0.004
(nm/mg-protein) | . 5 0.13+007 | 010 | 028+001| 028 | 0190 019 | 0.004
day 7 01+001 | 010 | 0124001 | 012 | 0.09+001 | 0.09 |0.005
SOD day 1 0.07+0.02 | 007 | 0040 004 | 0.06+001 | 006 |0.004
(Ufmg-protein) 4 =5 007001 | 007 | 004+001 | 004 | 007001 | 007 |0.004
day 7 0074001 | 007 | 006+001 | 006 | 008+0.01 | 008 |0.012
GPX day 1 1378 +337 |1505 | 6144001 | 614 |7.6+003 | 7.60 |0.006
(Ufmg-protein) | 4.0 5 13914302 |1505 | 7.06+001 | 7.06 |10.86+0.01 | 10.86 | 0.005
day 7 1444 +161 |1505 | 10.8+0.02 |10.80 |12.85+0.01 |12.85 |0.006
TNF-a day 1 2096 £ 1026 | 17.08 | 44244004 | 4424 | 31.89+001 |31.89 | 0.006
(pg/mg-protein) | .= 5 1931 £589 [17.08 |3268+001 |32.67 |23.85+0.02 |2385 |0.005
day 7 18.09 £2.65 |17.08 | 2414002 2409 |2037+001 |20.37 |0.005

* Kruskal Wallis H.

The variables between the 3 groups were compared using the Kruskal-Wallis H-test. At least one of the variables was found

to be statistically significant (p < 0.05).

Table 2. Mean distribution of enzyme levels in the lung tissues on the 1%, 34 and 7t days

Enzyme Measurement | Sham group Control burn Burn treatment p*
time avr. £ SD median | avr. = SD median | avr. + SD median
MDA day 1 0.11 +0.1 007 | 034+001 | 034 | 0214001 | 021 |0.004
(nm/mg-protein) 43 0094004 | 007 | 0174001 | 017 | 012+001 | 0.12 |0.005
day 7 0.08+001 | 007 | 011001 | 0.11 | 0.09+001 | 0.09 |0.012
SOD day 1 0224002 | 022 | 018+001 | 018 | 021+001 | 021 |0.004
(Ufmg-protein) 4 =3 0224001 | 022 | 019+001 | 0.19 | 022+001 | 022 |0.005
day 7 0224001 | 022 | 021+001 | 021 | 028+001 | 028 |0.005
GPX day 1 145+368 [1580 | 614+001 | 614 | 7594002 | 7.60 | 0.006
(U/mg-protein) [y 3 1517+1.9 | 1589 |10.86+0.02 | 10.86 |12.85+0.01 |12.85 | 0.006
day 7 15534096 |1589 |1336+001 |13.36 |15.53+0.01 | 1553 | 0.005
TNF-a day 1 27.99+1574 | 2204 | 637+001 |63.69 |5154+007 |51.55 |0.005
(pg/mg-protein) 4 = 2347377 |2204 |3202+001 |32.02 |27.89+0.01 |27.88 |0.005
day 7 2234077 |2204 |2408+001 |2408 | 222001 2220 |0.005

* Kruskal Wallis H.

The variables between the 3 groups were compared by using the Kruskal-Wallis H-test. At least one of the variables was

found statistically significant (p < 0.05).

(burn + sterile saline, n = 6) were significantly
higher than in the sham group (n = 6) on the 1%
day (p < 0.016). Kidney MDA levels in the burn
treatment group (burn + EGCG, n = 6) were

significantly lower than in the sham group (n = 6)
on the 7% day (p < 0.016). There were no other sig-
nificant differences in MDA levels between the sh-
am and burn groups.
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Table 3. Bilateral comparisons of enzyme levels in the lung and kidney tissues on the 1%, 3" and 7 days

Enzyme | Measurement | Sham - control burn | Sham - burn treatment | Control burn - burn treatment
time (p-value) (p-value) (p-value)
Kidney | MDA day 1 0.010? 0.035 0.004!
(nm/mg | 03 0.018 0.035 0.004!
protein)
day 7 0.030 0.005 0.004!
SOD day 1 0.030 0.138 0.0041
U N
(Ulmg 403 0.018 0.366 0.004"
protein)
day 7 0.106 0.234 0.016"
GPX day 1 0.018 0.035 0.004¢
U
(Ulmg | v 3 0.010° 0.035 0.004¢¢
protein)
day 7 0.010° 0.035 0.004¢¢
TNF-a day 1 0.018 0.035 0.004!
(pg/mg |40 0.005¢ 0.035 0.004!
protein)
day 7 0.010° 0.035 0.004!
Lung MDA day 1 0.0054 0.035 0.004!
(nm/mg |4 03 0.005¢ 0.035 0.004!
protein)
day 7 0.018 0.035 0.016'
SOD day 1 0.018 0.138 0.0041
U N
(Umg 1403 0.018 0.628 0.004"
protein)
day 7 0.106 0.001" 0.004f
GPX day 1 0.018 0.035 0.004¢
U/
(Umg 1403 0.010¢ 0.035 0.004¢¢
protein)
day 7 0.010¢ 0.035 0.004¢
TNF-a day 1 0.005f 0.035 0.004
(pg/mg |43 0.005 0.035 0.004!
protein)
day 7 0.005f 0.035 0.004!

Bonferroni-corrected Mann Whitney U test.

Significant differences that measured in Kruskal Wallis H test were checked by the Bonferroni-corrected Mann Whitney
U test to find which group or groups were responsible for the significant differences.

2Kidney MDA levels in the control burn group (burn + sterile saline) were significantly higher than in the sham group on
the 1% day (p < 0.016). 4 Lung MDA levels in the control burn group were significantly higher than in the sham group on the
1*t and 3" days (p < 0.016). 8 Kidney MDA levels in the burn treatment group (burn + EGCG) were significantly higher than
in the sham group on the 7 day (p < 0.016). ! All MDA and TNF-a levels in the burn treatment group were significantly
lower than in the control burn group on the 1%, 3 and 7t days (p < 0.016). " All enzyme levels in the burn treatment group
were significantly higher than in the control burn group on the 1%, 3*d and 7 days (p < 0.016). ' Lung SOD levels in the
burn treatment group were significantly higher than in the sham group on the seventh day (p < 0.016). ® Kidney GPX activ-
ity in the control burn group was significantly lower than in the sham group on the 3'¢ and 7" days (p < 0.016). ¢ Lung GPX
activity in the control burn group was significantly lower than in the sham group on the 3*d and 7 days (p < 0.016).

¢¢ All enzyme levels in the burn treatment group were significantly higher than in the control burn group on the 1%, 3'4 and
7 days (p < 0.016). ¢ Kidney TNF-a levels in the control burn group were significantly higher than in the sham group on the
3" and 7™ days (p < 0.016). { Lung TNF-a levels in the control burn group were significantly higher than in the sham group
on the 1%, 3*d and 7™ days (p < 0.016).
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Superoxide Dismutase Activity

SOD activity was significantly higher in the
burn treatment group (burn + EGCG, n = 18) than
in the control burn group (burn + sterile saline,
n = 18) on the 1%, 3", and 7% days (p < 0.016).
Lung SOD levels in the burn treatment group
(burn + EGCG, n = 6) were statistically high-
er than in the sham group (n = 6) on the 7 day
(p < 0.016). There were no other significant differ-
ences in SOD levels between the sham and burn
groups.

Glutathione Peroxidase Activity

No significant differences in GPX levels were
observed between the burn treatment group (burn
+ EGCG, n = 18) and the sham group in the post-
-burn period. GPX activity was significantly higher
in the burn treatment group (burn + EGCG, n=18)
than in the control burn group (burn + sterile sa-
line, n = 18) on the 1%, 3"¢and 7" days (p < 0.016).
Kidney GPX activity in the control burn group
(burn + sterile saline, n = 12) was statistically low-
er than in the sham group (n = 12) on the 3*¢and
7t days (p < 0.016). Lung GPX activity in the con-
trol burn group (burn + sterile saline, n = 12) was
statistically lower than in the sham group (n = 12)
on the 3'dand 7t days (p < 0.016). There were no
other significant differences in GPX levels between
the sham and burn groups.

TNF-a Levels

No significant differences in TNF-a levels
were observed between the burn treatment group
(burn + EGCG, n = 18) and the sham group in the
post-burn period. TNF-a levels in the kidney and
lung tissues were significantly higher in the con-
trol burn group (burn + sterile saline, n = 18) com-
pared to the burn treatment group (burn + EGCG,
n = 18) on the 1%, 3"and 7* days (p < 0.016). Fur-
thermore, kidney TNF-a levels in the control burn
group (burn + sterile saline, n = 12) were statistical-
ly higher than in the sham group (n = 12) on the 3¢
and 7" days (p < 0.016). Lung TNF-a levels in the
control burn group (burn + sterile saline, n = 18)
werestatisticallyhigher than the sham group (n=18)
on the 1%, 3"d and 7 days (p < 0.016). There were
no other significant differences in TNF-a levels be-
tween the sham and burn groups.

Discussion

A great many different plant extracts, e.g.
grape seed, lemon, rosemary and jojoba, have
been employed for healing wounds and increasing

longevity. All of these plants have a common prop-
erty, i.e., producing compounds with a phenolic
structure. These phytochemicals ordinarily react
with compounds such as oxygen free radicals and
other macromolecules in order to neutralize free
radicals and/or initiate biological effects [22].

Ample evidence indicates that green tea, which
has anti-oxidant, anti-cancer, anti-aging and anti-
inflammatory effects, could also prevent exagger-
ated collagen production and accumulation, and
could induce changes in immune responses as well
[23]. Most of these properties can be attributed to
the plant’s polyphenolic compounds - in particu-
lar, catechin compounds [24].

Previous studies have shown that there is
a close relationship between lipid peroxidation and
secondary pathological changes following thermal
injury [25]. ROS (reactive oxygen species) are be-
lieved to be primarily responsible for this lipid per-
oxidation. A local burn insult produces oxidant-
induced organ changes in remote organs [26].
Malondialdehyde (MDA) is a stable end product
of lipid peroxidation, which shows the degree of
toxicity [18]. Superoxide dismutase (SOD) catalyz-
es the transformation of superoxide radicals to hy-
drogen peroxide and oxygen, and is an important
antioxidant enzyme that protects cells from dam-
age due to superoxide radicals [27]. Glutathione
peroxidase (GPX) is the common name of an en-
zyme family that contains many subspecies. GPX
protects cells from damage mediated by free radi-
cals by catalyzing the transformation of hydrogen
peroxide to water [28].

The results of the current study presented
above demonstrate that ROS-dependent tissue in-
jury developed in response to remote thermal in-
jury of the skin is greatly attenuated by treatment
with EGCG. EGCG’s ability to protect against
thermal injury can be seen in the significant de-
creases in tissue MDA levels, and naturally high-
er levels in SOD and GPX activities. Moreover, in-
creased TNF-a levels, which play a pivotal role in
the inflammatory processes, were also reduced by
EGCQG treatment.

Evidence from animal and human studies
suggested that there is a correlation between tis-
sue MDA levels and the degree of burn complica-
tions, including shock and remote organ damage
[29]. In this study, MDA levels were higher in the
burn groups, especially on the 1% day after thermal
trauma. MDA levels in the lung and kidney tis-
sues were significantly higher in the control burn
group (burn + sterile saline) than the burn treat-
ment group (burn + EGCG) on all the measured
days (p < 0.016). These results show that treating
the burned rats with EGCG caused a significant re-
duction in MDA levels.
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It was observed that kidney and lung SOD ac-
tivity was lowest in the control burn group (burn
+ sterile saline) on the 1*t and 3" days. On the 7
day, the SOD activity of the control burn group
and the sham group became equal, but enzyme ac-
tivity in the burn treatment group (burn + EGCG)
was significantly higher than the other groups.
GPX activity was lowest in the control burn group,
similar to SOD activity. This difference between
the sham and control burn groups was significant
only on the 3" and 7" days. GPX activity did not
normalize on the 7 day in the control burn group.
No significant difference in GPX levels was ob-
served between the burn treatment and the sham
group in the post-burn period. SOD and GPX ac-
tivity in the lung and kidney tissues was significantly
lower in the control burn group than the burn treat-
ment group on all the measured days (p < 0.016).

These findings may be due to ROS scavenging
and the antioxidant effects of EGCG. In a rat lower
extremity ischemia-reperfusion study, Biittemeyer
et al. reported that superoxide radical formation
was less than 50% in the EGCG-treated group than
the control group. The same study emphasized
that the free radical scavenging effect of EGCG is
100 times more than vitamin C [30]. Kakuta et al.
researched the protective effects of EGCG in rats
with renal ischemia reperfusion injury and report-
ed that EGCG protects the kidneys by augmenting
the HO-1 (heme oxygenase-1) gene and macro-
phage blocking [31]. Briickner et al. researched the
therapeutic antioxidant effect of EGCG in a mu-
rine model of colitis. They reported that EGCG
significantly reduces the loss of body weight, im-
proves the clinical course and increases overall
survival in comparison to untreated groups. They
also reported that treatment with EGCG enhanced
the expression of SOD and GPX, and reduced the
production of pro-inflammatory cytokines. These
effects may prevent cell membrane damage caused
by reactive oxygen species by augmenting the cell
antioxidant defense systems [32].

It has been shown that macrophage activity is
an important mechanism of distant organ injury
in severe thermal trauma. Activated macrophages
are another source of ROS and inflammatory
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