
INTRODUCTION

The ischemia/reperfusion process (IR) occurs during
kidney transplants and various urological surgical procedures
and can lead to serious kidney damage (1). Adenosine
triphosphate, produced by aerobic tissues, is fragmented into
adenosine monophosphate, adenosine, inosine and
hypoxanthine. The produced hypoxanthine is metabolised by
xanthine dehydrogenase to form xanthine and uric acid. Since
nicotinamide dinucleotide is used in this process, no toxic
oxygen radicals are formed (2, 3). One important feature of
ischemia is the conversion of xanthine dehydrogenase to
xanthine oxidase (XO) (4). Because molecular oxygen (O2) is
used in the metabolism of hypoxanthine with XO (via the XO
+ O2 reaction), toxic oxygen radicals are produced as
intermediate products. However, due to the lack of O2 in
ischemic tissue, the accumulated hypoxanthine cannot be
converted to xanthine, and no toxic oxygen radicals are
produced as intermediate products (2). During prolonged
ischemia, the discharge of cellular energy stores and the
accumulation of toxic metabolites can lead to cell death (5).
For this reason, the first intervention in tissue ischemia is to
provide re-vascularisation of the tissue. However, as soon as
reoxygenation occurs through reperfusion, the XO formed

during ischemia converts the accumulated hypoxanthine into
xanthine using O2 (4, 6), leading to the formation of excessive
free oxygen radicals (7). These free oxygen radicals, which are
known as mediators of reperfusion, oxidise the cell membrane
lipids, resulting in the formation of toxic products such as
aldehyde and malondialdehyde (MDA) (8). Furthermore, the
oxygen radicals react with DNA and cause oxidative damage
(9), including base changes in nucleic acids and DNA chain
breakage. If these changes are not repaired, they result in
mutations; such as, hydroxyguanine 8-(8-OHGua), which is
formed by the oxidation of the guanine base, is accepted to be
a mutagenic type of DNA (9, 10). As noted above, excessive
free radical formation occurs due to the excess O2 released into
the tissue during the reperfusion at the site of ischemic injury
(11, 12). Thus, the return of the oxygen-rich arterial blood to
the ischemic tissue initiates the XO + O2 reaction, which causes
further damage. Therefore, IR damage can be prevented by
reperfusion with venous blood containing less O2, by either
sudden stabilisation of the XO + O2 reaction, or the direct
neutralisation of the products of the XO + O2 reaction. This
suggests that the accelerated XO + O2 reaction can be inhibited
by venous blood, which contains 60% less oxygen than arterial
blood (13). The direct neutralisation of the products of the XO
+ O2 reaction can be achieved by melatonin or any other
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The purpose of this study was to investigate the biochemical, histopathological and immunohistochemical effects of venous
blood on ischemia/reperfusion-induced oxidative DNA damage and mutation in rabbit kidneys in comparison to melatonin
treatment, which has a known protective effect against ischemia/reperfusion (IR) injury. The rabbits were divided into five
groups: renal ischemia (RI), renal ischemia-reperfusion (RIR), renal ischemia-venous blood-reperfusion (RIVR), melatonin
+ renal ischemia-reperfusion (MRIR), and the healthy sham control group (HG). Melatonin (2.5 mg/kg delivered intra-
peritoneally) was administered one hour prior to ischemia. In the RIVR group, 1 ml of venous blood was administered 5
minutes before the reperfusion. The xanthine oxidase activity in the kidney tissue was determined as 53.50 ± 1.72, 31.00 ±
6.39, 45.66 ± 9.20, 28.66 ± 6.05 and 14.33 ± 1.28 U/g protein; the MDA levels were 6.32 ± 0.02, 19.50 ± 1.33, 7.00 ± 0.96,
7.50 ± 0.76 and 4.75 ± 0.34 mmol/g protein; and the GSH levels were 4.50 ± 1.08, 2.76 ± 0.13, 5.48 ± 0.22, 4.93 ± 0.55
and 6.98 ± 0.33 nmol/g protein in the RI, RIR, RIVR, MRIR and HG groups, respectively. Blood, blood urea nitrogen
(BUN) and creatinine levels were classified as high only in the RIR group. The MRIR and RIVR groups, in which oxidative
stress was best suppressed, had much milder histopathological and immunohistochemical findings compared to the RIR
group. This study has revealed that it is useful to initiate reperfusion of the ischemic tissue with venous blood.
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antioxidant. Melatonin is known to neutralise free oxygen
radicals directly (14, 15). However, there is no information in
the literature describing the protective effect of the venous
blood in IR-induced renal injury in rabbits.

Therefore, the purpose of this study was to investigate the
biochemical immunohistochemical and histopathological effects
of venous blood on IR-induced oxidative damage and DNA
mutation compared to those of melatonin treatment, which has a
proved protective effect on IR injuries.

MATERIALS AND METHODS

The protocols and procedures were approved by the local
Animal Experimentation Ethics Committee (Date: 22. 02. 2012,
meeting no: B.30.2.ATA.0.01.02/854).

Animals

The 30 albino New Zealand male rabbits (weighing 3.5–3.8
kg each) used in this study were supplied from the Ataturk
University Medical Experimental Research and Application
Center. The animals were kept at room temperature (22°C) under
a standard 12/12 light/dark cycle with relative humidity of 50 to
60% in groups and were fed.

Drugs and chemicals

Ketamine HCl was obtained from Interhas (Austria) and
melatonin was purchased from Przedsiebiorstwo
Farmaceutyczne LekAm (Poland).

Study design

General procedure
The rabbits were divided into five groups as follows: renal

ischemia (RI), renal ischemia-reperfusion (RIR), renal ischemia-
venous blood-reperfusion (RIVR), melatonin + renal ischemia-
reperfusion (MRIR), and healthy sham-treated control (HG).
The surgical interventions were performed in the laboratory
under sterile conditions using ketamine HCl (25 mg/kg via
intramuscular injection) for anesthesia.

Surgical and pharmacological procedures
After injection of ketamine HCl, the rabbits were observed

until ready for surgery. An hour before the anesthesia, the MRIR
group received 2.5 mg/kg melatonin, delivered intra-peritoneally
(i.p.) (16). The surgery was performed with animals held
motionless in the supine position (17). The kidneys of the rabbits
were accessed through a unilateral dorsal incision on the left
kidney when rabbits were at that situation mentioned above.
Subsequently, a vascular clip was placed on the lower portions of
the renal artery (except for animals in the HG group), and resulting
ischemia was maintained for one hour. After this period, in the RI
group, both kidneys (left and contralateral kidneys) were removed
for XO, malondialdehyde (MDA), glutathione (GSH), and hydrox
yguanine 8-OHGua measurements and, immunohistochemical
and histopathological studies. In the RIVR group, immediately
prior to the reperfusion, 1 ml of venous blood withdrawn from the
ear vein was injected slowly into renal artery of the left kidney for
5 minutes with a thin needle. To prevent coagulation, 0.2 ml of
freshly withdrawn venous blood was administered per minute. In
the RIR, RIVR and MRIR groups, the vascular clip was removed
to allow reperfusion for three hours. Afterwards, all animals were
sacrificed by high dose-anaesthesia, and both kidneys were
removed for analyses. Before the animals were sacrificed, venous
blood samples were withdrawn from the ear veins to measure

blood urea nitrogen (BUN) and creatinine levels. The biochemical
and histopathological results of all groups were compared.

Biochemical procedures

Biochemical analysis of the kidney tissue
To measure the enzyme activity in the kidney tissue, renal

tissue homogenates were prepared. In the supernatants obtained
from these homogenates, XO enzyme activity, MDA and total
glutathione (tGSH) levels were measured, and DNA oxidation
analysis were performed using appropriate literature-based
methods (18-23).

Creatinine analysis
The quantitative determination of serum creatinine levels

was performed by spectrophotometric assay using the Roche
Cobas 8000 analyser, which uses a kinetic colorimetric test
based on the Jaffe method.

Blood urea nitrogen analysis
The serum urea levels were quantified by

spectrophotometric assay using the Roche Cobas 8000 analyser.
The formula BUN=URE * 0:48 was used for the calculations.

Immunohistochemical procedures
Kidney tissues of rabbit stayed at 10% formaldehyde

solution and then 4 mikron thickness of samples were taken onto
positively charged lam. Following steps were applied to the
samples positioned onto the Leica Bond-Max automatic
immunohistochemistry instrument.
1) Keep the temperature at 60°C about 30 min. in order to melt

parafin.
2) Hold the sample in dewax solution about 15 min to carry out

deparafinization process.
3) Rehydration process was completed by keeping samples in

99% alcohol solution for 15 min.
4) Washing process was done in buffer solution about 3 min.
5) Antigen retrival process was maintained in Epitop 2 solution.
6) Washing process was done in buffer solution about 3 min.
7) Samples were held on 3% hydrogen peroxide solution about

10 min.
8) Washing process was done in buffer solution about 3 min.
9) Samples were incubated around 60 min by adding dropwise

Nova Castra Bcl-2 antibody.
10) Washing process was done in buffer solution about 3 min.
11) 3 min incubation was done by adding Post Primer solution.
12) Washing process was done in buffer solution about 3 min.
13) 10 min incubation was done by adding Post Primer solution.
14) Washing process was done in buffer solution about 3 min.
15) Washing process was applied for 3 minutes in distile water.
16) 3 minutes incubation was carried out by dropwise addition

of DAB + Choromogen.
17) Washing process was applied in distile water.
18) Staining was applied to the samples for 5 minutes.
19) Washing process was applied in distile water.
20) Samples that were washed with xylene and alcohol were

closed by entellan.
The samples that were ready for screening by applying the

procedure mentioned above were under investigation by two
independent patalogists as blank samples who have no idea
about the preview works. According to the investigation made
with Olympus BX51, interstisyum, glomelurus and tubule
structures were evaluated one by one with respect to their
staining patterns against Bcl-2 by using the grade system
mentioned below. In this evaluation, intensity and prevelance
were seperately take into account. While prevalance shows the
existence area of the dye, intensity shows its strogness.
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Grading for prevalance:
+ lower than 10%, means weak;
++ 10–50% means intermediate intensity;
+++ means over than 50% signs a strong intensity.

Histopathological procedures

The kidneys were fixed in 10% neutral buffered formalin.
After routine tissue follow-up, paraffin blocks were prepared, and
5 µm tissue sections were obtained. These sections were stained
with haematoxylin-eosin (H&E) and periodic acid-Schiff (PAS).
The light microscopic histopathological evaluation was performed
by a pathologist who was blinded to the treatment (Olympus BX
51, Tokyo, Japan). The outer medulla and the cortex which are the
most sensitive regions, of the kidney were evaluated for ischemic
injury. Tubular necrosis, apoptotic bodies, swelling of tubular
epithelium, tubular dilatation, intratubular cast formation, and loss
of the hairy edge were evaluated on kidney sections.

Statistical analysis

All data were subjected to one-way analysis of variance
(ANOVA) using SPSS 18.0 software. The difference between
the groups using one-way ANOVA test, the degree of
significance of difference was determined by least significant
difference (LSD) option, and significance was declared at
p<0.05. The results are explained as the mean ± the standard
error of the mean (S.E.M.).

RESULTS

Biochemical findings
Xanthine oxidase test results

As shown in Fig. 1, the xanthine oxidase activities in the left
kidney tissues of the RI, RIR, RIVR, MRIR groups were found
to be significantly higher than HG, RIK, RIRK, RIVRK and
MRIRK groups.

Malondialdehyde test results
The amount of MDA in the left kidney tissues of the RIR

group was increased statistically significant than RIVR, MRIR
and HG groups (Fig. 2).

Total glutathione test results
As shown in Fig. 3, the amounts of tGSH decreased

significantly in the left kidney tissue following reperfusion. The
amounts of tGSH measured in the RIVR, MRIR groups were
higher than RIR group.

Hydroxyguanine-8 test results
The amounts of 8-OHGua, a DNA mutagenesis product,

were increased in the RIR group, whereas the amounts of 8-
OHGua in the RIVRK and MRIRK groups were found to be
similar to the levels measured in HG group (Fig. 4).

Blood urea nitrogen and creatinine test results
As shown in Table 1, the average BUN and the blood

creatinine levels in the RIVR and MRIR groups were lower than
RIR group.

Histopathological findings
As shown in Fig. 5a, normal renal cortex histology was

observed in the HG group. In the RI group, significant
hemorrhaging was observed in the renal tubule lumen (Fig. 5b,
asterisk) and mild swelling and intratubular cast formation in the
tubular epithelial cells (Fig. 5b, arrows), whereas the
contralateral kidney exhibited an almost normal histological
appearance (Fig. 5c).

In the RIR group, the outer medulla of the kidney exhibited
significant epithelial necrosis in tubules (Fig. 6a, asterisk) and
numerous apoptotic bodies (Fig. 6a, arrows). The extensive
accumulation of hyaline casts was observed in the dilated
tubules in the cortex (Fig. 6b, open arrow). No microvilli were
observed in the proximal tubules. There was moderate swelling
in the contralateral kidney tubule epithelial cells of the RIR
group (Fig. 6c).
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Fig. 1. XO activities in renal tissue of RI (renal ischemia), RIR
(renal ischemia-reperfusion), RIVR (renal ischemia-venous blood-
reperfusion), MRIR (melatonin + renal ischemia-reperfusion), HG
(healthy sham control) groups.

Fig. 2. MDA level in renal tissue of RI (renal ischemia), RIR (renal
ischemia-reperfusion), RIVR (renal ischemia-venous blood-
reperfusion), MRIR (melatonin + renal ischemia-reperfusion), HG
(healthy sham control) groups.
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Fig. 3. tGSH level in renal tissue of RI (renal ischemia), RIR (renal
ischemia-reperfusion), RIVR (renal ischemia-venous blood-
reperfusion), MRIR (melatonin + renal ischemia-reperfusion), HG
(healthy sham control) groups.

Fig. 4. 8-OHGua/Gua level in renal tissue of RI (renal ischemia),
RIR (renal ischemia-reperfusion), RIVR (renal ischemia-venous
blood-reperfusion), MRIR (melatonin + renal ischemia-
reperfusion), HG (healthy sham control) groups.

Fig. 5. (a) The histo-pathological
examination of the renal tissue of
HG (healthy control) group. (b),
The histo-pathological exami-
nation of the renal tissue of RI
(renal ischemia) group. There was
significant hemorrhage in the renal
tubule lumen (asterisk), and mild
swelling and intratubular cast
formation in the tubular epithelial
cells (arrows). (c) The histo-
pathological examination of the
renal tissue of RIC (renal ischemia
contralateral) group.

Groups   BUN 
mg/dl 

P CREATININE 
mg/dl 

P 

RI 29.5 ± 2.55 >0.05 1.3 ± 0.33 >0.05 
RIR 31.1 ± 6.64 <0.001 1.9 ± 0.10 <0.001 
RIVR 26.8 ± 1.13 >0.05 1.0 ± 0.07 >0.05 
MRIR 28.6 ± 2.26 >0.05 1.2 ± 0.10 >0.05 
HG 23.3 ± 2.33 - 0.9 ± 0.11   - 

Table 1. Effect of venous blood and melatonin on the BUN and creatinine levels in kidney tissue after IR. MRIR: melatonin received
renal ischemia-reperfusion group, RIVR: venous blood received renal ischemia-reperfusion group, RIR: renal ischemia-reperfusion
group, RI: renal ischemia group, HG: healthy group. Results are the means ± standart error of the mean (n=6).



In the kidney tissue of the RIVR group, mild swelling of
the tubular epithelium (Fig. 7a) and a mild accumulation of
hyaline casts (Fig. 7b, PAS, open arrow) were observed. The
microvilli structures in the proximal tubules were preserved
(Fig. 7b, PAS, arrow). Necrosis was rarely observed in the
tubular epithelial cells, and apoptotic bodies were not
encountered. In the epithelial cells of the contralateral kidney
tubules of the RIVR group, only mild swelling was observed
(Fig. 7c).

In the outer renal medulla of the MRIR group, a more
pronounced swelling of the renal tubule epithelial cells and a
small number of necrotic and apoptotic cells (Fig. 8a, arrow)
were determined. The microvilli were partially preserved in the
proximal tubules in the cortex (PAS, Fig. 8b, arrow). The

contralateral renal tubular epithelial cells of the MRIR group
exhibited mild swelling (Fig. 8c).

Immunohistochemical findings

Any staining sign were detected in glomerulus (Fig. 9a),
interstitium (Fig. 9b), tubule (Fig. 9c) of RIR group. Staining
ratio and intensity of glomerulus cells was higher than 50% in
RIVR (Fig. 10a, 10b) group and staining ratio and intensity of
interstitium (Fig. 10c, 10d) and tubule cells (Fig. 10e, 10f) was
also higher than 50% in that group. This value was found to be
lower than 10% in MRIR group (Fig. 11a-11c) glomerulus,
interstitium and tubule cells. Pathological findings for
glomerulus, interstitium and tubule cells of contralateral kidney
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Fig. 6. (a) The histo-pathological
examination of the renal tissue of
RIR (renal ischemia-reperfusion)
group. In the outer medulla of the
kidney, there was significant
epithelium necrosis (asterisk) and
numerous apoptotic bodies
(arrows). (b) The histo-
pathological examination of the
renal tissue of RIR (renal ischemia-
reperfusion) group. A severe
accumulation of hyaline casts were
seen in the dilated tubules in the
cortex (open arrow). (c) The histo-
pathological examination of the
renal tissue of RIRC (renal
ischemia-reperfusion contralateral)
group.

Fig. 7. (a) The histo-pathological
examination of the renal tissue of
RIVR (renal ischemia-venous
blood-reperfusion) group. There
was seen mild swelling of the
tubular epithelium. (b) The histo-
pathological examination of the
renal tissue of RIVR (renal
ischemia-venous blood-reperfu-
sion) group. There was seen a mild
accumulation of hyaline casts. (c)
The histo-pathological examina-
tion of the renal tissue of RIVRC
(renal ischemia-venous blood-
reperfusion contralateral) group.
There was observed mild swelling.
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Fig. 8. (a) The histo-pathological
examination of the renal tissue of
MRIR (melatonin + renal
ischemia-reperfusion) group. In the
tubular epithelium were observed
more pronounced swelling of the
renal tubule epithelial cells and a
small number of necrotic and
apoptotic cells (arrow). (b) The
histo-pathological examination of
the renal tissue of MRIR
(melatonin + renal ischemia-
reperfusion) group. In the cortex,
in the proximal tubules, the
microvilli were partially preserved
(arrow). (c) The histopathological
examination of the renal tissue of
MRIRC (melatonin + renal
ischemia-reperfusion contralateral)
group.

Fig. 9. (a) The immunohistochemical examination of the renal tissue of RIR (renal ischemia-reperfusion) group. Any staining sign were
detected in glomerulus (Bcl-2 ×200). (b) The immunohistochemical examination of the renal tissue of RIR (renal ischemia-reperfusion)
group. Any staining sign were detected in interstitium (Bcl-2 ×200). (c) The immunohistochemical examination of the renal tissue of RIR
(renal ischemia-reperfusion) group. Any staining sign were detected in tubule (Bcl-2 ×200).



of RIR, RIVR and MRIR groups were in parallel with healthy
group.

DISCUSSION

Although there are many methods that target IR damage, IR
still causes serious complications. To date, no specific protocol
has been defined for the use of venous blood in the prevention of
IR injury. In this study, XO activity was significantly higher only
in the kidney tissue of the RI group compared to all other groups.
The increased XO activity in the kidney tissue in the RI group
compared to the other groups indicates that the XO metabolism
is slower in the ischemic tissue. Furthermore, MDA levels in the
RI group were significantly higher than those in the HG group
and lower than those in the RIR group. This suggests that XO
metabolism and the XO + O2 reaction are more passive in the RI
group than in the RIR group. It is known that there is a slight
increase in production of free radicals during ischemia (24).
Isaoglu et al. have also shown that MDA levels are high and
GSH levels are low in ischemic tissues (25). In our study, the
maximum increase of MDA and the maximum decrease of GSH
were observed in the RIR group. Several studies show that an
increase in MDA and deficiency in GSH lead to oxidative stress

(26). Reduced GSH plays an important role in protecting cells
against oxidative damage from radicals such as hydrogen
peroxide (H2O2), hydroxyls (OH�), superoxides (O2

�-), and
alkoxyls (RO�) (27).

The insignificant increase in the 8-OHGua levels in the RI
group indicates the production of low level of free oxygen
radicals which appear to be insufficient to cause DNA damage
(28). In contrast, the RIR group exhibits excessive 8-OHGua
production, and hence an increase in oxygen free radical
production. The OH� radicals, which are formed by the reaction
of H2O2 with Fe-Cu ions in the nucleus, also cause DNA
damage. The OH� radicals react with the carbon atoms of
guanine at positions 4, 5 and 8 and create DNA product radicals.
The C8-OH radical, which is formed by the participation of the
OH� radical to C-8, is oxidized to form 8-OHGua by losing one
electron and one proton (29). Mutagenic products, such as 8-
OHGua and FAPyGuanin (FAPyG), are formed as a result of the
DNA damage caused by the OH� and the O2 radicals (28).

Paller et al. (24) have shown that a small amount of free
radicals are formed during ischemia, and a greater amount of free
radicals are produced during reperfusion after tissue oxygenation
has been re-established. IR injury is the product of the reaction
between the XO accumulated during ischemia and the O2 that is
abundantly available during reperfusion (7, 11). Therefore, XO is
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Fig. 10. (a, b) The immunohistochemical examination of the renal tissue of RIRV (renal ischemia-venous blood-reperfusion) group.
Staining ratio and intensity of glomerulus cells was higher than 50% (+++) (Bcl-2 ×200). (c, d) The immunohistochemical examination
of the renal tissue of RIRV (renal ischemia-venous blood-reperfusion) group. Staining ratio and intensity of interstitium cells was higher
than 50% (+++) (Bcl-2 ×200). (e, f) The immunohistochemical examination of the renal tissue of RIRV (renal ischemia-venous blood-
reperfusion) group. Staining ratio and prevalence intensity of tubule cells was higher than 50% (+++). (Bcl-2 ×200).



produced during ischemia, and O2 becomes available during
reperfusion, and the XO + O2 reaction occurs during IR, which in
turn causes free radical production and oxidative stress.
Therefore, the stabilisation of the XO + O2 reaction is very
important for reducing the IR damage. This increased reaction
can be stabilised either by inhibiting XO activity or decreasing
the O2 supply to the environment.

Melatonin is able to directly neutralise oxygen radicals (14,
30-32). Melatonin was shown to neutralise the products of the
XO + O2 reaction without suppressing the activity of XO, thus
protecting the tissue from oxidative stress. Parlakpinar et al.
have shown that the kidney damage that occurs due to increased
MDA levels and decreased GSH levels after pinealectomy can
be corrected by the addition of melatonin (33). These data
indicate that melatonin neutralises the products of the XO + O2

reaction without suppressing the activity of XO, thus protecting
the tissue from oxidative stress.

In this study, the XO activity in the RIVR group was
significantly higher than that in the RIR or MRIR group.
However, the lowest amounts of MDA and 8-OHGua, as well as
the highest amounts of GSH, were found in the RIVR group.
These results indicate that venous blood stabilises the XO + O2

reaction due to the decreased delivery of O2 in the ischemic
kidney tissue. The XO activity in the MRIR group was similar to

that found in the RIR group. However, the MDA and 8-OHGua
levels were lower and the GSH levels were higher in the kidney
tissue of the MRIR group than in the RIR group, suggesting that
melatonin protected the DNA in the kidney tissue from IR injury.
Tan et al. (34) have shown that DNA damage is observed in
pinealectomised rats. Radical species damage the DNA and
activate the nuclear enzyme poly (ADP-ribose) synthase
(PARS). This enzyme causes severe energy dysregulation in
response to single strand DNA breaks and necrotic cell death.
Melatonin has been reported to prevent the damage to organs
through the inhibition of PARP activity in IR injury models (35).

In this study, renal function was evaluated by measuring
BUN and creatinine levels. Slightly elevated BUN and
creatinine levels were found only in the RIR group. The
increases of BUN and creatinine in the RIR group suggest that
the contralateral kidney is affected by IR injury. Severe elevation
of BUN and creatinine is a sign of permanent damage to the
renal tubule (36). However, in our study, because the IR injury
was unilateral, there was no severe increase in BUN and
creatinine levels.

The results of the biochemical parameters used in the
evaluation of the kidney damage are also consistent with our
histopathologic and immunohistochemical findings. In the RI
group, histopathological findings, such as hemorrhaging,
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Fig. 11. (a) The immunohistochemical examination of the renal tissue of MRIR (melatonin + renal ischemia-reperfusion) group.
Staining ratio of glomerulus cells; (+) prevalence and (+) intensity (Bcl-2 ×200). (b) The immunohistochemical examination of the
renal tissue of MRIR (melatonin + renal ischemia-reperfusion) group. Staining ratio of interstitium cells; (+) prevalence and (+)
intensity (Bcl-2 ×200). (c) The immunohistochemical examination of the renal tissue of MRIR (melatonin + renal ischemia-
reperfusion) group. Staining ratio of tubule cells; (+) prevalence and (+) intensity (Bcl-2 ×200).



swelling of the tubular epithelial cells and a mild accumulation
of intratubular casts, were observed in the lumen of the tubules.
Tok et al. observed hemorrhage in ischemic kidney tissue (17).
Siesjo et al. (37) have also shown that the swelling of the tubular
epithelial cells in ischemic tissue occurs due to a decrease in O2

pressure, which results in a decrease in ATP levels and
intracellular Na+ accumulation, the latter of which is associated
with an isosmotic increase of water content, leading to acute
cellular swelling. Many studies have reported that cast
accumulation is observed in IR-induced kidney injury and can be
reduced by antioxidant therapy (38-40).

The severe necrosis was observed in the tubular epithelial
cells of the RIR group is consistent with the findings in the
literature (41). Frega et al. (42) have reported that renal injury is
much more severe after reperfusion than after ischemia. In the
RIR group, numerous apoptotic bodies were found in the kidney
tissue. Apoptosis is one key mechanism in renal IR injury (43).
While there is no apoptotic cells were present in the tubular
epithellial cells in RIVR group, several apoptotic cells were
observed in MRIR group. These histopatological findings were
agreed with immunohistochemical data. High level of Bcl-2
gene expression (b cell lymphoma-2) were seen in kidney
glomerulus, interstitium and tubule tissues of RIVR group. Bcl-
2 gene expression was determined to be mild in MRIR group and
no gene expression was detected in RIR group. Bcl-2 gene is an
oncoprotein that has a anti-apoptotic functions. It was reported
that Bcl-2 gene inhibits caspases by direct and indirect
mechanism and therefore prevents apoptosis (44). That is known
that Bcl-2 inhibits cell death formed by free radicals (45). This
protective effect of Bcl-2 has been shown to prevent the release
of cytochrome C and apoptosis inducing factor (AIF) in
mitochondria to cytoplasm (46). Prevention of microvillus loss
caused by the oxidative stress, formation of tubular necrosis and
suppression of apoptosis were exhibited (47).

In this study we have observed that renal damage due to
reperfusion is much more severe than the damage caused by
ischemia alone. The increased XO + O2 reaction in the kidney
tissue after ischemia and reperfusion was stabilised by the use of
venous blood, after which oxidant and antioxidant production
was controlled protecting the kidney from IR injury. The
experimental findings were gathered and examined using
biochemical, histopathological and immunohistochemical
techniques. Melatonin was thought to directly neutralise the
products of the XO + O2 reaction. So, XO activity is not
supressed and by this way it protects the tissue from oxidative
stress. This study designed to understand the mechanism of IR
damage formation has revealed a novel and useful approach to
start reperfusion of ischemic tissue with venous blood.
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