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Abstract: Epigallocatechin gallate (EGCG), a polyphenol derived from green tea, is known to have potent antioxidant 
and anti-inflammatory properties. The aim of this study was to investigate the protective effects of EGCG against 
ischemia reperfusion injury in the epigastric artery island flap model in rats. The experiment was designed with two 
groups (control n=40, experiment n=40) of rats with epigastric artery island flaps. Each main group was randomly di-
vided into five sub-groups to apply ischemia at different time intervals (0, 3, 6, 9 and 12 hours). Thirty minutes prior 
to reperfusion, 100 μmol/kg of EGCG was injected intraperitoneally, and this injection was repeated after 12 hours 
and continued as a daily injection. Similarly, 2 ml of sterile saline was administered to the rats in the control groups. 
Superoxide dismutase, glutathione peroxidase, malondialdehyde and tumor necrosis factor alpha levels, together 
with neutrophil counts, were measured in the tissues taken from the distal portions of the flaps 24 hours after 
reperfusion. Additionally, flap necrosis was examined on the seventh day after reperfusion. Superoxide dismutase 
levels were significantly lower in all control groups, and Malondialdehyde and Tumor Necrosis Factor Alpha levels 
were significantly higher in all control groups. Glutathione peroxidase levels were found to be significantly lower in 
the control groups after 0, 3, 9 and 12 hours of ischemia. There was no statistically significant difference between 
the groups undergoing 0, 3, 9 or 12 hours of ischemia with regard to the neutrophil count. Partial flap necrosis oc-
curred in the 9-hour ischemia groups, and significantly lower rates of necrosis were observed in the experimental 
groups compared to the control groups. The findings of our study showed that EGCG has a protective effect against 
ischemia-reperfusion injury in skin flaps in the epigastric island flap model.
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Introduction

Ischemia-reperfusion injury can occur after the 
reperfusion of tissues exposed to prolonged 
ischemia. Ischemia-reperfusion injury can 
determine the success or failure of free tissue 
transfers, composite tissue allotransplanta-
tions and replantations. The mechanisms 
underlying ischemia-reperfusion injury have 
not been fully elucidated [1]. Possible mecha-
nisms are described as follows:

a) Tissues are exposed to high levels of calcium 
after the restoration of the blood flow, and thus 
intracellular calcium levels become much high-
er. These high levels of calcium activate intra-

cellular enzymes, resulting in detrimental 
effects on the cellular architecture [2].

b) The restoration of blood flow to the ischemic 
tissues causes tissue neutrophil accumulation. 
Neutrophils are responsible for the characteris-
tic tissue damage as a result of their production 
of reactive oxygen species [1, 2].

c) Adenosine triphosphate breaks down to 
hypoxanthine as a result of long-lasting isch-
emia. During reperfusion, xanthine dehydroge-
nase is converted into xanthine oxidase, which 
catalyzes the conversion of hypoxanthine 
(formed from the degradation of ATP during pro-
longed ischemia) plus oxygen to form xanthine. 
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The superoxide anion is a byproduct of this 
reaction [1-3].

As a result of the above-mentioned mecha-
nisms, the quantity of reactive oxygen species 
often increases dramatically in ischemic cells 
during reperfusion. Reactive oxygen species 
have detrimental effects on cell membranes, 
especially mitochondrial membranes. Under 
ischemic conditions (high calcium and high pH) 
in combination with the presence of reactive 
oxygen species, a nonspecific mitochondrial 
permeability transition pore opens in the inner 
mitochondrial membrane. The opening of this 
transition pore leads to the depolarization of 
the membrane potential and to outer mitochon-
drial membrane rupture. The depolarization of 
the membrane potential causes adenosine tri-
phosphate depletion, finally resulting in cell 
necrosis. In addition, proapoptotic agents, such 
as cytochrome c, are released into the cytosol 
after mitochondrial membrane rupture, where 
they activate a program leading to cell apopto-
sis [2, 3].

Most of the studies on ischemia-reperfusion 
injury have been focused on antioxidant or anti-
inflammatory activity. However, Epigallocatechin 
Gallate (EGCG) shows both high antioxidant 
[11, 12] and high anti-inflammatory activities 
[13-15].

EGCG is the most abundant catechin in green 
tea and also has the highest biological activity 
of the catechins in green tea [16]. The ROS-
scavenging and antioxidant effects of EGCG in 
reperfusion injury have been reported in previ-
ous studies. Büttemeyer et al. reported in a 
study of lower extremity ischemia-reperfusion 
in rats that superoxide radical formation was 
less than 50% in the EGCG-treated group ver-
sus the control group [17]. Brückner at al. inves-
tigated the therapeutic antioxidant effect of 
EGCG in a murine model of colitis. They report-
ed that EGCG improved the clinical course and 
increased overall survival in comparison to 
untreated groups. Additionally, they reported 
that EGCG enhanced the expression of SOD 
and GPX and reduced the production of proin-
flammatory cytokines [18]. Kakuta at al. 
researched the protective effects of EGCG in 
rats with renal ischemia-reperfusion injury. 
They reported that EGCG protects kidneys from 
reperfusion injury by augmenting the HO-1 
(heme oxygenase-1) gene and blocking macro-
phages [19].

Townsend et al. investigated the protective 
effects of EGCG in an experimental study in the 
myocardial cell culture. They reported that 
EGCG protects cells from reperfusion injury via 
the inhibition of STAT-1 activation [20]. Piao et 
al. investigated the effects of EGCG on isch-
emia-reperfusion injury in isolated rat hearts. 
They showed that the coronary flow was better 
and the end-diastolic pressure was lower in 
experimental groups. They also showed that 
EGCG protects cells from apoptosis by increas-

Table 1. Average distribution of SOD enzyme levels
Groups Control Experimental Total p*

Avr.±SD Median Avr.±SD Median Avr.±SD Median
0.h 0.05±0 0.05 0.06±0 0.06 0.06±0.01 0.06 0.001
3.h 0.04±0 0.05 0.05±0 0.05 0.05±0.01 0.05 0.001
6.h 0.03±0 0.03 0.04±0 0.04 0.03±0.01 0.03 0.002
9.h 0.02±0 0.02 0.03±0 0.03 0.03±0.01 0.03 0.001
12.h 0.02±0 0.02 0.03±0 0.03 0.02±0.01 0.02 0.001
*Mann Whitney U analysis.

Table 2. Bilateral comparisons of the SOD 
enzyme levels

p*

Control Groups Experimental Groups
0.h - 3.h 0.031 0.012
0.h - 6.h 0.011 0.011
0.h - 9.h 0.011 0.011
0.h - 12.h 0.012 0.012
3.h - 6.h 0.011 0.011
3.h - 9.h 0.011 0.011
3.h - 12.h 0.012 0.011
6.h - 9.h 0.034 0.011
6.h - 12.h 0.012 0.011
9.h - 12.h 0.017 0.011
*Wilcoxon signed ranks analysis.

Previous studies have shown 
the protective effects of anti-
oxidant and anti-inflammatory 
agents in ischemia-reperfu-
sion injury. The therapeutic 
application of tempol, coen-
zyme Q10, caffeic acid phenyl 
ester, extracellular superoxide 
dismutase, kappa-opioid re- 
ceptor agonist, fucoidin and 
vitamin C has been shown to 
have such activities [4-10]. 
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ing the Bcl-2/Bax ratio in experimental groups 
[21].

In this study, we examined the possible protec-
tive effects of EGCG treatment in ischemia-

family that protects cells from free radicals by 
catalyzing the transformation of hydrogen per-
oxide to water [24]. TNF-α is a polypeptide com-
pound and an important member of the cyto-
kine family. TNF-α is synthesized primarily by 
activated macrophages during inflammation 
and has many systemic effects, such as the 
aggregation and activation of neutrophils, nitric 
oxide synthesis, fibroblast activation and the 
release of proteolytic enzymes from mesenchy-
mal cells [25].

Materials and methods

Animals

The study protocol was approved by the Ethics 
Committee on Research Animal Use of Ege 
University (Turkey). Wistar albino rats of the 
same age, weighing between 250-300 g, were 
used for this study. The rats were housed in 
separate cages under standard conditions, 
with a 12/12 h light-dark regimen and were fed 
with standard rat chow and water ad libitum.

Figure 1. The time dependent changes of the SOD enzyme levels.

Table 3. Average distribution of GPX enzyme levels
Groups Control Experimental Total p*

 Avr.±SD Median Avr.±SD Median Avr.±SD Median  
0.h 8.85±0.09 8.85 11.31±0.06 11.31 10.08±1.27 10.08 0.001
3.h 8.85±0.09 8.85 9.64±0.07 9.64 9.25±0.41 9.24 0.001
6.h 8.15±0.14 8.15 8.15±0.09 8.15 8.15±0.12 8.15 0,959
9.h 4.88±0.12 4.87 5.37±0.1 5.37 5.12±0.28 5.18 0.001
12.h 2.18±0.07 2.18 4.88±0.03 4.88 3.53±1.4 3.56 0.001
*Mann Whitney U analysis.

reperfusion injury in the 
rat epigastric artery 
island flap model. To 
determine the efficacy 
of EGCG, tissue super-
oxide dismutase (SOD) 
and glutathione peroxi-
dase (GPX) activities, as 
well as malondialde-
hyde (MDA) and tumor 
necrosis factor-α (TNF-
α) levels, neutrophil 
counts and tissue ne- 
crosis areas, were mea-
sured after the reperfu-
sion period.

MDA is a stable end 
product of lipid peroxi-
dation that is generated 
after free radical dam-
age [22]. SOD catalyzes 
the transformation of 
superoxide radicals to 
hydrogen peroxide and 
oxygen. Thus, it is an 
important antioxidant 
enzyme that protects 
cells from superoxide 
radical damage [23]. 
GPX is the common 
name of an enzyme 

Table 4. Bilateral comparisons of the GPX 
enzyme levels

p*

Control Groups Experimental Groups
0.h - 3.h 0.414 0.012
0.h - 6.h 0.012 0.011
0.h - 9.h 0.012 0.012
0.h - 12.h 0.012 0.011
3.h - 6.h 0.012 0.012
3.h - 9.h 0.012 0.008
3.h - 12.h 0.012 0.012
6.h - 9.h 0.011 0.012
6.h - 12.h 0.011 0.011
9.h - 12.h 0.011 0.012
*Wilcoxon signed ranks test.
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Anesthesia was achieved by a combination of 
ketamine and xylazine. The skin of the abdo-
men was depilated using an animal depilatory 
agent. The skin of the abdomen was scrubbed 
with betadine following the removal of the fur.

In this study, 3*6 cm unilateral flaps were pre-
pared by the same surgeon within the boundar-
ies of the anatomical landmarks. A microvascu-
lar clamp was placed on the pedicle after flap 
elevation. The flaps were resutured to the donor 
site after clamp application. The animals were 
reanesthetized, and the microclamps were 
removed after a period of ischemia. The pedi-
cles were examined to evaluate flap reperfu-
sion after removing the micro clamp. Flaps that 
had any flow did not detected in the pedicle 
were not included in this study.

Experimental protocol

Eighty rats were used in this study; 40 were 
randomly selected for the experimental group, 
and 40 were randomly selected for the control 
group. Each group was randomly divided into 
five subgroups to apply ischemia at different 
time intervals (0, 3, 6, 9 and 12 hours). In the 
experimental groups, 100 μmol/kg of EGCG 
were injected intraperitoneally 30 minutes prior 

Table 5. Average distribution of TNF-α levels
Groups Control Experimental Total p*

 Avr.±SD Median Avr.±SD Median Avr.±SD Median
0.h 2.81±0.07 2.81 2.29±0.04 2.29 2.55±0.27 2.53 0.001
3.h 3.26±0.1 3.26 2.93±0.06 2.93 3.09±0.19 3.07 0.001
6.h 3.32±0.1 3.32 3.2±0.07 3.2 3.26±0.1 3.2 0.049
9.h 4.15±0.13 4.15 3.26±0.07 3.26 3.7±0.47 3.64 0.001
12.h 4.89±0,08 4.89 4.65±0.03 4.65 4.77±0.14 4.74 0.001
*Mann Whitney U analysis.

Figure 2. The time dependent changes of the GPX enzyme levels.

Table 6. Bilateral comparisons of the TNF-α 
levels

p*

 Control Groups Experimental Groups
0.h - 3.h 0.008 0.011
0.h - 6.h 0.012 0.012
0.h - 9.h 0.011 0.011
0.h - 12.h 0.010 0.011
3.h - 6.h 0.049 0.011
3.h - 9.h 0.011 0.008
3.h - 12.h 0.011 0.012
6.h - 9.h 0.011 0.123
6.h - 12.h 0.011 0.011
9.h - 12.h 0.011 0.012
*Wilcoxon signed ranks test.

Tested drug

EGCG (DSM Nutrients 
Inc./Istanbul/TURKEY) 
was administered intra-
peritoneally to rats in 
doses of 100 μmol/kg. (A 
maximum of 5 mg of the 
dry powdered form of 
EGCG was dissolved in 1 
ml sterile saline, based on 
the information obtained 
from the manufacturer).

Flap design

The epigastric artery flap 
in rats includes the area 
within the boundaries of 
the xiphoid as an upper 
limit, the pubis as a lower 
limit and both axillary 
lines as a lateral limits. 
Smaller flaps may be used 
within these anatomical 
landmarks. The vascular 
supply of the flap is pro-
vided by the medial 
branches of the superfi-
cial epigastric artery and 
accompanying veins [26].
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to reperfusion. The same dose was repeated 
12 hours after reperfusion and continued four 
days as a daily injection; additionally, 2 ml of 
sterile saline were injected to the control groups 
in the same way. The flap drawings were trans-
ferred to acetate on the 7. day without 
injection.

nm. MDA levels were first detected in nano-
moles per ml using the absorption coefficient 
of the MDA-TBA complex at 532 nm (1.56 × 
105 cm-1 M-1). The results were obtained in the 
form of nanomoles/(mg-protein) by dividing the 
previously obtained values by the homogenate 
protein.

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

SOD activity was measured using the method 
of Woolliams et al [28]. The enzyme concentra-
tions were determined by the use of a standard 
% inhibitory-concentration chart that had been 
prepared previously. Enzyme activity was first 
detected in U/ml. Then, the results were 
obtained in the form of U/mg-protein by multi-
plying the values with a dilution coefficient and 
then dividing by the protein level.

GPX activity was measured using the method of 
Paglia and Valentine [29]. Glutathione peroxi-

Table 7. Average distribution of the MDA levels
Groups Control Experimental Total P*

 Avr.±SD Median Avr.±SD Median Avr.±SD Median
0.h 0.04±0.00 0.04 0.02±0.01 0.02 0.03±0.01 0.03 0.001
3.h 0.06±0.01 0.06 0.03±0.01 0.02 0.04±0.02 0.05 0.001
6.h 0.09±0.01 0.09 0.06±0.01 0.06 0.07±0.02 0.08 0.001
9.h 0.23±0.01 0.24 0.13±0.01 0.13 0.18±0.06 0.18 0.001
12.h 0.28±0.01 0.28 0.21±0.01 0.21 0.24±0.03 0.24 0.001
*Mann Whitney U analysis.

Figure 3. The time dependent changes of the TNF-α levels.

Table 8. Bilateral comparisons of the MDA 
levels
 p*

 Control Groups Experimental Groups
0.h - 3.h 0.010 0.180
0.h - 6.h 0.010 0.010
0.h - 9.h 0.011 0.011
0.h - 12.h 0.011 0.011
3.h - 6.h 0.011 0.011
3.h - 9.h 0.011 0.010
3.h - 12.h 0.011 0.011
6.h - 9.h 0.011 0.011
6.h - 12.h 0.011 0.011
9.h - 12.h 0.011 0.011
*Wilcoxon signed ranks test.

Biochemical analysis

First, 3 × 1 cm skin biop-
sies were taken from the 
most distal end of the 
flaps 24 hours after 
reperfusion for biochemi-
cal examination. Then, 
biopsies were immediate-
ly stored at -80°C within 
individual containers. The 
wounds were sutured 
immediately after the 
skin biopsies. MDA and 
TNF-α levels, as well as 
SOD and GPX activity, 
was measured from the 
skin biopsies.

The MDA levels were 
detected using the thio-
barbituric acid reactivity 
method of Draper and 
Hadley [27]. MDA is the 
stable end product of 
lipid peroxidation. MDA 
reacts with thiobarbituric 
acid and forms a colored 
complex that gives a max-
imum absorbance at 532 
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dase catalyzes the oxidation of glutathione by 
cumene hydroperoxide. Oxidized glutathione is 
reduced by glutathione reductase in the pres-
ence of NADPH. Meanwhile, NADPH is oxidized 
to NADP+. The enzyme activity was calculated 
by measuring the absorbance difference 
depending on the decrease of NADPH at 340 
nm. The amount of homogenate protein was 
determined by the Lowry method, and the 
results were obtained in the form of U/mg-pro-
tein currency.

Histopathological analysis

A histopathological study of the samples was 
carried out by the same pathologist through 
random selection, without knowing which group 
was included in the tissue sample. Tissue sam-
ples were taken from the central portion of the 
remaining flap tissue after the excision of the 
distal portion of the flap for biochemical analy-
sis 24 hours after reperfusion. The tissue sam-
ples were fixed with formalin, and three-micron-
thick sections were taken for histopathological 
analysis. Neutrophils were counted in the most 
intense area of 1 mm2 under a light microscope 
with hematoxylin and eosin stain.

Assessment of skin flap survival

The surviving portions of the flaps were deter-
mined on seventh day. The flap drawings were 
transferred to acetate for the measurement of 
surface area. Acetates were placed on stan-

flap drawings were determined by the method 
described above. Each of the pixel counts was 
calculated as cm2 by dividing the number of pix-
els in the flaps by that in the 1 cm2 area. Then, 
the flap necrosis ratio was given as a propor-
tion of the necrotic areas to the living areas.

Statistical analysis

Statistical analysis was performed using the 
SPSS 15.0 for Windows package program with 
a 95% confidence interval. The variables 
between the two groups were compared using 
the Mann-Whitney U analysis. Wilcoxon signed-
rank analysis was used to evaluate the time-
dependent measurements of the MDA, SOD, 
GPX, TNF-α level and the neutrophil counts on a 
bilateral basis. Repeated measures ANOVA 
were used to evaluate the time-dependent 
changes of the variables at the 0, 3, 6, 9 and 
12 hours. p<0.05 was considered statistically 
significant.

Results

Biochemical results

It was observed that SOD enzyme activities 
were significantly lower in control groups at all 
ischemic periods (p<0.05). All bilateral compar-
isons of the SOD activity was significantly differ-
ent between control and experimental groups 
(p<0.05). Detailed statistical evaluations of the 
SOD activity can be seen in Tables 1 and 2 and 
Figure 1.

Figure 4. The time dependent changes of the MDA  levels.

dard A4 paper and then 
scanned and transferred 
to the computer. Drawings 
that transferred to the 
computer were opened as 
an image in Photoshop 
CS 5.1 Extended Edition 
Trial Version. Viable and 
necrotic portions of the 
flaps were chosen sepa-
rately with a magic wand 
tool. After selection with 
the magic wand tool, the 
histogram window was 
opened, and the pixel 
numbers were recorded 
in the expanded mode of 
the histogram window. 
The pixel numbers of the 
1 cm2 area that scanned 
simultaneously with the 
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GPX enzyme activities were significantly lower 
in control groups at the ischemic periods of 0, 
3, 9 and 12 hours (p<0.05). Bilateral compari-
son of the GPX activity was not significantly dif-
ferent between the 0- and 3-hour ischemic 
periods in the control group (p>0.05). All other 
bilateral comparisons of the GPX activity were 
significantly different between the control and 
experimental groups (p<0.05). Detailed statisti-
cal evaluation of the GPX activity can be seen in 
Tables 3 and 4 and Figure 2.

Significantly higher TNF-α levels were observed 
in control groups at the all ischemic periods 
(p<0.05). A bilateral comparison of the TNF-α 
levels was not significantly different between 
the 6- and 9-hour ischemic period in the experi-
mental group (p>0.05). All other bilateral com-
parisons of the TNF-α levels were significantly 
different between the control and experimental 
groups (p<0.05). Detailed statistical evaluation 
of the TNF-α levels can be seen in Tables 5 and 
6 and Figure 3.

MDA levels were significantly lower in the exper-
imental groups at all ischemic periods (p<0.05), 
while the bilateral comparison of the MDA lev-
els was not significantly different between the 
0- and 3-hour ischemic periods in the experi-

mental group (p>0.05). All other bilateral com-
parisons of the MDA levels were significantly 
different between the control and experimental 
groups (p<0.05). A detailed statistical evalua-
tion of the MDA levels can be seen in Tables 7 
and 8 and Figure 4.

Skin flap survival

Overall, 3 animals from the ischemic groups 
were excluded over the 12-hour period because 
of an inadequate reperfusion of the flaps after 
clamp removal. These animals were replaced 
with additional study animals. Flaps that were 
subjected to 0, 3, or 6 hours of ischemia did not 
show any necrosis at the end of seventh day. 
Total necrosis was observed in all flaps subject-
ed to the 12-hour ischemia at the end of the 
seventh day. Partial necrosis was observed 
only in the 9-hour ischemia applied flaps, and 
the necrotic percentages of the flaps in the con-
trol groups were significantly higher than the 
necrosis percentages of the flaps in experimen-
tal groups (p<0.05) (Table 9, Figure 5).

Neutrophil counts

There was no significant difference between 
the control and experimental groups in neutro-

Table 9. Average distribution of flap necrosis area in the 9-hour ischemic subgroups
Groups Control Experimental Total P*

 Avr.±SD Median Avr.±SD Median Avr.±SD Median  
flap necrosis area 36.29±14.14% 34.68% 22.91±11.54% 20.675% 29.6±14.25% 27.3% 0.049
*Mann Whitney U analysis.

Figure 5. View of the 9-hour ischemic group flaps on day 7.
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phil counts at the 0, 3, 9 and 12 hour ischemic 
periods (p>0.05). The neutrophil counts were 
significantly higher in the control group than in 
the experimental group, but only at the 6-hour 
ischemic period (p<0.05). The five time groups 
were statistically significantly different from 
each other with regard to the neutrophil count 
(F: 247.882, p: 0.001, p<0.05). Bilateral com-
parisons of the neutrophil counts were not sig-
nificantly different between the 9 and 12 hour 
periods of ischemia in the control group, 
according to time-dependent measurements 
(p>0.05). All other bilateral comparisons of the 
neutrophil counts were significantly different 
between the control and experimental groups 
(p<0.05) (Tables 10 and 11, Figure 6).

Discussion

In this study, the effects of EGCG on reperfu-
sion injury were investigated in rat epigastric 
artery flaps in three different ways. These 
approaches included a biochemical analysis of 
the distal portion of the flap, neutrophil counts 
in a specific part of the distal portion of the flap 

the control groups (p<0.05). The GPX activity 
was significantly lower in the control groups 
compared to the experimental groups (p<0.05), 
except in the 6-hour ischemic period. High lev-
els of SOD and GPX activity may protect the 
cells from the harmful effects of the free radi-
cals in the EGCG-treated experimental groups. 
Significantly lower MDA levels in the experimen-
tal groups also supported an antioxidant effect.

TNF-α levels and neutrophil counts were evalu-
ated for the possible protective anti-inflamma-
tory effects of EGCG on reperfusion injury. The 
TNF-α levels were significantly higher in the 
control groups at all of the ischemic periods 
(p<0.05). Lower TNF-α levels may cause protec-
tive effects against reperfusion injury by reduc-
ing inflammation. Tissue neutrophil counts 
were also evaluated in this study; however, 
there were no significant differences between 
the control and experimental groups with 
regard to neutrophil counts at the 0-, 3-, 9- and 
12-hour ischemic periods. (p>0.05) The possi-
ble reason for this lack of a significant differ-
ence in the number of neutrophils may be relat-
ed to the time of the sampling. Tissue samples 
were taken 24 hours after the reperfusion, 
which is the peak time for neutrophil infiltra-
tion. Had the samples been taken in the early 
period of reperfusion, for example, 12 hours 
after reperfusion, the neutrophil counts may 
have been significantly different between the 
experimental and control groups. In addition, 
even though the anti-inflammatory effects of 
EGCG (13-15) have been reported in previous 
studies, EGCG may have been ineffective in 
preventing the migration of neutrophils in 
reperfusion injury to the skin flaps or neutrophil 
function may have been affected, instead of 
the neutrophil migration that occurred. Tissue 
myeloperoxidase enzyme activity determina-
tion would be useful in a similar study to show 
the quantitative evaluation of the neutrophil 
infiltration [30].

Table 10. Average distribution of the neutrophil counts
Groups Control Experimental Total P*

 Avr.±SD Median Avr.±SD Median Avr.±SD Median  
0.h 3.25±1.67 3 2.5±1.2 2.5 2.88±1.45 3 0.442
3.h 6.75±3.01 6.5 6.13±2.59 5.5 6.44±2.73 6 0.645
6.h 14.38±2.56 14 11.63±2.07 11.5 13±2.66 13 0.049
9.h 19.63±3.42 18.5 17.88±3.14 17 18.75±3.3 18 0.382
12.h 22.25±2.92 22 20.75±2.82 21 21.5±2.88 22 0.328
*Mann Whitney U Analysis.

Table 11. Bilateral comparisons of the neu-
trophil counts
 p*

 Control Groups Experimental Groups
0.h - 3.h 0.043 0.002
0.h - 6.h 0.000 0.000
0.h - 9.h 0.000 0.000
0.h - 12.h 0.000 0.000
3.h - 6.h 0,001 0.001
3.h - 9.h 0. 000 0.000
3.h - 12.h 0.000 0.000
6.h - 9.h 0.018 0.002
6.h - 12.h 0.001 0.000
9.h - 12.h 0.199 0.046
*Wilcoxon signed ranks test.

and an assessment of 
flap necrosis.

Tissue SOD, GPX, 
MDA and TNF-α levels 
were evaluated for 
biochemical analysis. 
The detailed statisti-
cal analysis of the 
SOD levels showed 
that SOD activity was 
significantly lower in 
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Flap necrosis was also evaluated to determine 
the effect of the EGCG on reperfusion injury. 
Partial necrosis was observed only in flaps that 
were subjected to the 9-hour ischemia. The 
necrotic percentages of the flaps in the control 
groups were significantly higher than those in 
the experimental groups of the 9-hour ischemic 
subgroup (p<0.05). No flap survival was 
observed in the flaps of the 12-hour ischemic 
subgroups. These findings are in agreement 
with data found in the literature. Klein et al. per-
formed a similar ischemia-reperfusion study 
with superoxide dismutase transgenic mice. 
They reported that total necrosis was observed 
in all of the flaps subjected to a 12-hour isch-
emia [31]. Similarly, Tosa et al. investigated the 
protective effects of monoclonal antibodies 
against the intercellular adhesion molecule-1 in 
reperfusion injury. They reported that flap sur-
vival was only 0.3% (± 1.0) in the experimental 
group subjected to the 12-hour ischemia [32].

Conclusion

While many studies on the prevention of reper-
fusion injury are ongoing, a suitable pharma-
ceutical agent still has not been developed. 
Due to this situation, the possible protective 
effects of EGCG against ischemia-reperfusion 
injury were examined in our study. When tissue 
MDA, SOD, GPX, and TNF-α levels, together 
with flap survival, were compared in the 9-hour 
ischemic control and experimental subgroups, 
EGCG treatment was found to have a beneficial 
effect on reperfusion injury.
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