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Abstract. The purpose of this research was to investigate the possible protective effect of
melatonin, as a potent antioxidant on I/R-induced renal injury in rats.

Methods. We used 28 female Wistar albino rats weight 200-250g. The rats were randomly
divided into 4 groups. Control Group (C): They were fed with only standard rat diet and
tap water without drug injections or ischemia-reperfusion. Melatonin Group (M): 25 mg/
kg melatonin was administered i.p 30 min. Ischemia/Reperfusion Group (I/R): Rats
were subjected to 45 min of renal pedicle occlusion followed by 24 hours reperfusion.
Melatonin+ischemia/reperfusion Group (M+I/R): Melatonin (25 mg/kg) was
administered 30 min prior to ischemia and immediately before the reperfusion period. Rats
were subjected to 45 min of renal pedicle occlusion followed by 24 hours reperfusion.
Results. While MDA levels increased in the I/R group, SOD and GST activities were seen
to be significantly increased. Although the increase of the SOD activity was observed in
the M+1/R group, no meaningful difference was found. MDA levels were significantly
decreased in M+1/R group compared to the control group, CAT and GST activities were
significantly increased.

Conclusions. Our results show that the treatment with M may prevent kidney damage due
to ischemia result in increasing oxidant stress peroxidation damages further. Melatonin
or its metabolites are capable of neutralizing free radicals and non-radical oxygen-based
reactants. This study suggests that melatonin may be an effective antioxidant agent.
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OujiHKa NpoTEeKTUBHOIO BILIMBY MEJIATOHIHY HA META001i3M BiJIbHUX PAJIUKATIB
Y HAPKaX ILypiB B YMOBAX ilieMiYHO-penepdy3iiiHOro nomKkoKEeHHA

"Hyx-Haci fI3ran yHiBepcureT, (hakyJIBTET 3M0POB 1, XapuyBaHH Ta mieToorii, Kaiicepi, Typeaunna

*MennuHuii hakynsTeT yHiBepcuTety Epuiec, Kadenpa ricrosorii Ta em6piosorii, Kaiicepi, TypeuunHa

*MenunyHa 11koJjia yHiBepcuteTy Komkatene, Kadenpa anaroMii, AdpboH, TypedunHa

*Meaununuii paxyster yHiBepcuteTy Epuiec, kadenpa anatomii, Kaiicepi, TypeuunHa

SLeHTp reHOMY i CTOBOYpOBUX KIIITHH yHiBepcuTeTy Epuiec, Kaiicepi, Typeuunna

*MeauuHmii pakyneTeT yHiBepcuTeTy [asi, Kadenpa MmenuuHoi 6ioxiMii, AHKapa, TypeuunHa

Pesiome. Memoio po6omu 6yn0 docaioumu mMoxucauuil RpOMeKmMUsHUL eghekm MeAamoHiny, K NOMYHCHO20 aH-
MUOKCUOaHmy, Ha iuemiyHo-penepy3itine NOUKOONCEHHS NOUKOONCEHHS HUDOK Y UYDI6.
Memoou. 28 wypie ainii Wistar, aavbinocu, macoro 200-250e 6yau 3anyueni do docaioxucenus. llypu 6yau pando-

mizoeani 'y 4 epynu. Konmpoawua epyna (C): uiypie eodyeanu auuie cmanoapmnoro 0iemor ma 6000npogioHow 60000 Oe3
iH’exyitl nikapcovkux 3acobie abo iwemii-penepysii. Ipyna mearamoniny (M): mesamonin 66oduau y 003i 25 me/ke npo-
mseom 30 xe. lwemiuno-penepysitina (1/R) epyny wiypie niodasaru 45 xé Hupko08iii 0kAr03ii 3 HACMYNHOW 24-200UHHO0
penepgpysicio. Ipyna meaamonin + iwmemis/peneppyszis (M + 1/R): Meaamonin (25 me/xe) 6600uau 3a 30 x6 do iwemii
ma be3nocepednsvo neped nepiodom penep@ysii. Illypie niodasaru 45 x6 HUpkoeiil 0kat03ii 3 HACMYNHOW 24-200UHHON0
penepgysieio.

Pezyaomamu. Hezeaxncarouu na niosuwenns konuyenmpauii MJIA y kpoei wiypie 1/R epynu, mu cnocmepieaau nio-
suwenns akmuenocmi CO ma enymamion S-mparncghepaszu y mxanuni Hupok wiypie 1/R epynu. Xoua y epyni M + I/R
6yn10 makoxc susHavero 30invuients akmusrnocmi COJM, ompumani oani cmamucmuuto He gidpizHsiucy. Pieeno MDA
06y6 cmamucmu4Ho 3Hauyujo Huxcuum y epyni M + 1/R nopieHsno 3 KOHmMpoavHot epynoro, modi sk akmuericms CAT
ma enymamiony S-mpancepasu 3HA4HO NIOBUWEHUMU.

Bucnosku. Hawi pezyrbmamu demoHcmpyroms, wo AiKy8aHHsA MeAamoHIHOM Modce 3anobiemu iulemiuHomy ypa-
JceHHI0 HUPoK. Meaamonin abo iioeo memaboaimu 30amHui Hedmpanizyeamu 8invHi padukany ma HepaoukanbHi peazeH-
mu Ha ocHosi KucHo. Lle docaidxcenns ceiduumo npo me, wjo MeAamonin mMoce 6ymu eqpeKmueHUM GHMUOKCUOAHMHUM
3acobom.

KnrouoBi cioBa: wypu, meaamonin, iwemis, penepgy3is.

Introduction. Ischemia is the limitation of the
blood supply to tissues causing the absence of oxygen
and glucose for cellular metabolism. Ischemia can cause
functional and structural cell damage depending on the
block of the blood flow [1, 2]. Reperfusion is the rear-
rangement of the absence of the factors causing ischemic
tissue blood flow. Reperfusion ensures the energy needs
in ischemic tissue and allows the removal of toxic me-
tabolites. Renal ischemia/reperfusion (I/R) injury oc-
curs in many clinical events, including renal transplan-
tation, aortic aneurysm surgery, partial nephrectomy,
cardiopulmonary bypass, renal artery angioplasty, and
elective urological operations [3-5]. Ischemia/reperfu-
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sion (I/R) injury is a complex event frequently seen in
vascular surgery which can cause functional and struc-
tural cell damage. The incident happening during I/R
have admitted considerable caution over the last twenty
years, and different mechanisms have been suggested to
clarify the source of tissue injury. Although hypoxia and
acidosis are most often included in the damage that oc-
curs during the ischemic period, oxygen-free radicals,
endothelial factors and neutrophils are caused to reper-
fusion damage and occurring the formation of reactive
oxygen species (ROS) [6].

Oxidative stress occurs following ischemia-reper-
fusion. Against endogenous and exogenous oxidative
stress in tissues has been antioxidants [7]. Melatonin
secretion by the pineal gland and is endogenous anti-
oxidants were discovered in 1958 by Lerner et al. [8].

Melatonin (5-methoxy-N-acetyl-tryptamine) is,
mainly secreted from the pineal gland, also from the
lens and bone marrow cells, besides this hormone is
synthesized and secreted in the gastrointestinal system
(7,9, 10].
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Melatonin is synthesized from tryptophan in the
pineal gland, is secreted the dark and is bound to plasma
proteins. This hormone is metabolized in the liver [10].
Melatonin, anti-aging is a molecule against chemical to
carcinogens DNA protection, regulation of endocrine
rhythms, to expose some antigonadotropic effect, creat-
ing a protective effect on the nervous system, is involved
in the regulation of many physiological functions, such
as the elimination of the stimulation and free radicals
on the immune system. In different organs and tissues,
melatonin has been indicated by a direct free radical
scavenger and has the antioxidant effect [11, 12]. It is
important that melatonin has high lipophilicity to pro-
tect oxidative stress [13]. Additionally, melatonin plays
an important role in protecting cells against free radical
damage and neutrophil-induced toxicity by limiting in-
creased myeloperoxidase activity [14]. It is known that
free radicals are protected against kidney I/R damage
[15-18].

The objective of this study was to confirm the pu-
tative protective effect of melatonin against oxidative
stress during I/R injury of the kidney. Also in this study,
we apply the dose rate is close to the amount of melato-
nin secreted melatonin in humans (25 mg/day). The re-
sults of the literature data demonstrated that this study
is one of the rare experiments on female rats.

Materials and methods. Animals and study design.
In this study, [28] female Wistar albino aged 8-10 weeks
and weighing 250-300 g were obtained from Erciyes
University experimental and Clinical Research Center
(DEKAM). The study was registered at DEKAM with
the permission of Erciyes University Experimental Ani-
mals Local Ethics Committee, Approval No. 13/133,
and dated 13/11/2013.

The rats were randomly divided into four groups;
control (C), ischemia/reperfusion (I/R), melatonin
(M) and melatonin+ischemia/reperfusion (M+I/R)
and each one containing 7 rats. 24 hours later, the rats
were killed and the left kidneys were quickly removed,
decapsulated and divided longitudinally into two equal
sections. One was placed in a 10% formaldehyde solu-
tion. For light microscopic evaluation, kidneys were
embedded in paraffin wax. About 5 pum sections were
stained with hematoxylin-eosin (H—E) before inves-
tigation under light microscopy and stained with TU-
NEL. The other section of tissues were stored at -80°C
until assayed.

Surgery and experimental protocol. Rats weighed
between 200-250 g were used in this study, animals in
all groups were anesthetized with an intraperitoneal
injection of 80 mg/kg ketamine hydrochloride (Ke-
talar, Pfizer, Groton, CT) and 10 mg/kg xylazine hy-
drochloride (Rompun; Bayer, Leverkusen, Germany).
Rats were placed on a thermal blanket to avoid hypo-
thermia, and under the rib of left abdominal skin was
shaved and washed with antiseptic. The dorsolateral in-
cision (2-3 cm) was opened by using sterile scalpel and
forceps. Then adipose tissue and kidney were taken out
together using a sterile scalpel. The left renal hilus was

dissected and the left renal pedicle (artery and vein) was
occluded for 45 min to induce ischemia. 10 ml of warm
normal saline was instilled into the peritoneal cavity to
help maintain fluid balance during ischemia. When the
animals were shown signs of emergence from anesthesia
during surgery the rats were anesthetized with an intra-
peritoneal injection of 40 mg/kg ketamine hydrochlo-
ride so anesthesia was allowed to continue. At the end
of the ischemic period, reperfusion was established by
the removal of the clamp. After the start of the reper-
fusion, the kidney was placed in the abdominal cavity
with the adipose tissue. Atraumatic needle (6—0 num-
ber Vicryl) was used to sew of the subcutaneous connec-
tive tissue and muscle layers. Then the suture line was
washed with antiseptic.

Experimental groups. The control group (C: n=7):
Animals were not administered melatonin by i.p. in-
jection or ischemia/reperfusion. Ischemia/reperfusion
group (I/R: n=7): Animals were not administered mel-
atonin by i.p. injection, but left renal vessels were oc-
cluded for 45 min, followed by 24 h reperfusion.

Melatonin group (M: n=7): Melatonin (25 mg/
kg) were administered by i.p. injection and do, not
ischemia/reperfusion. Melatonin+I/R group (M+1/R:
n=7): in all of the animals, melatonin (25 mg/kg) was
administered by i.p. injection 1 h before ischemia then
left renal vessels were occluded for 45 min, followed by
24 h reperfusion.

Rats were put at an average ambient temperature of
27°Cunder a 12 h/12 h light/dark cycle and were fed on
a standard rodent diet and filtered tap water.

Biochemical analysis. First, the kidney tissues were
washed with cold NaCl solution (0.154M) to remove
blood contamination and then homogenized in the ho-
mogenizer. The preparation procedure was ground in
the tissue glass mixer using a rotor formed by a simple
electric motor. The homogenization as a tissue blender
similar to the typical kitchen blender is used to emulsify
and pulverize the tissue (Diax 900; Heidolph Instru-
ments GmbH&Co KG, Schwabach, Germany) at 1000
U for about 3 min. After centrifugation at 10,000g for
about 60 min, the upper clear layer was taken.

Measurements of superoxide dismutase (SOD).
Superoxide dismutase activity was measured according
to the method described by Durak et al [19]. A portion
of the homogenate was extracted in ethanol/chloroform
mixture (5/3 v/v) to discard the lipid fraction in the ac-
tivity measurements of total superoxide dismutase. Af-
ter centrifugation at 10,000g for 60 min, the upper clear
layer was removed and used for the analyses. The SOD
activity method is based on the measurement of absor-
bance increase at 560 nm due to the reduction of NBT
to NBTH2. One unit of SOD activity was defined as the
enzyme protein amount causing 50% inhibition in the
NBTH2 reduction rate and the results were recorded in
U/mg protein.

Measurements of catalase activities (CAT). In the
upper clear layer, CAT enzyme activity was measured
using the methods described by Aebi et al [20]. The
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CAT enzyme activity assay method is based on the mea-
surement of absorbance decrease due to H,0, consump-
tion at 240 nm. The activities of CAT were recorded in
IU/mg protein.

Measurements of glutathione S-transferase activi-
ties (GST). GST enzyme activity was measured using
the method described by Habig et al [21]. The GST
activity method is based on the measurement of absor-
bance increase at 340 nm due to the reduction of the
DNPG. The results were expressed in IU/mg protein.
The measurements of activity were made using the
value of ¢ of the DNPG complex (g:10 M-1.Cm-1).

Measurements of malondialdehyde levels (MDA).
According to the method defined by Van Ye et al [22],
MDA levels are based on the reaction of MDA with
thiobarbituric acid (TBA). In the TBA test reaction,
MDA and TBA react in acid pH to form a pink pigment
with an absorption maximum at 532 nm. Arbitrary val-
ues obtained were compared with a series of standard
solutions (1,1,3,3-tetra ethoxy propane). Results were
expressed as nmol/L. During the experimental period,
all procedures were performed at 4 + C.

Histopathologic evaluation. For histological ex-
amination, routine paraffin wax embedding procedures
were used. The kidney tissues were removed, fixed in
%10 formalin and processed by routine histological
methods and embedded in paraffin blocks. Sym thick
paraffin sections were cut from each specimen and were
put on poly-L-lysine slides. All sections were stained
with hematoxylin-eosin (H&E) and PAS staining to
evaluate a morphological overview of the tissue and its
structure. The images were captured using an Olympus
BX51 microscope and analyzed.

TUNEL immunofluorescence staining. To de-
tect apoptosis within the cells of the kidneys, in situ
TdT mediated X-dUTP nicked labeling (TUNEL)
reaction to the paraffin sections were applied by using

ApopTag® Fluorescein In Situ Apoptosis Detection
Kit (EMD Millipore, Darmstadt, Germany) in ac-
cordance with the manufacturer’s recommendations.
Briefly, serial Sum thick paraffin-embedded sections
were deparaffinized, rehydrated in graded alcohol and
incubated 5 min in phosphate-buffered saline (PBS) at
room temperature. Slides were incubated 15 min with
proteinase K and washed with distilled water. After the
wash, several times in PBS pre-treated with 3% hydro-
gen peroxide for 10 min. The specimens were incubated
with fluorescein-labeled deoxy-UTP at 37°C for 1 hour
at a humidity ambient. The nucleus was visualized with
4, 6-diamino-2- phenylindole (DAPI). The images
were taken randomly for evaluating the TUNEL-pos-
itive cells by using an immunofluorescence microscope
(Olympus BX51, Tokyo, Japan).

For quantitative analysis, ten visual fields were
randomly photographed for each TUNEL stained sec-
tion from each experimental group under a microscope
at x400 magnification. The number of TUNEL-positive
cells nuclei (apoptotic nuclei) was counted with Image
J software.

Statistical analyses. The Statistical Package for the
Social Sciences (SPSS, IBM) 21.0 program was used
for statistical analysis. Biochemical parameters be-
tween study groups were assessed by using a one-way
analysis of variance test(ANOVA) followed by Student-
Newman-Keuls multiple comparison tests. The normal
distribution of histopathologic parameters was assessed
using the Shapiro-Wilk test. Variable of apoptosis pa-
rameters were assessed using Kruskal-Wallis analysis
followed by Dunn multiple comparison tests.

The results were expressed as mean standard devia-
tion, and statistical significance was set at p<0.05 for all
analyses.

Results. The results of these studies are shown in
Table 1 and Figure 1.

Table 1
SOD, CAT and GST activities and MDA levels (MeanxSD) in rat the kidney tissue
Groups SOD CAT GST MDA
(U/mg pr) (IU/mg pr) (IU/mg pr) (umol/mg pr)
Control (C) 11.240.36 20.416.33 2.1610.41 3.120.12
Ischemia/reperfusion (I/R) 14.3£0.99 23.8+10.57 4.2310.98 4.5+0.23
Melatonin (M) 9.89+0.29 19.9£3.61 1.48%0.43 2.1£0.03
Melatonin+I/R (M+I/R) 13.6£0.36 24.3+11.31 3.3740.36 1,9+0.25
Statistical evaluation (ANOVA and Student-Newman-Keuls test)

Groups SOD CAT GST MDA

C-I/R P<0.05¢ p>0.05 P<0.05¢ p>0.05
C-M P<0.05¢ p>0.05 P<0.05¢ P<0.05¢
C-(M+I/R) p>0.05 P<0.05¢ P<0.05¢ P<0.05¢
I/R-M P<0.05¢ P<0.05¢ P<0.051 P<0.05¢
I/R-(M+1/R) p>0.05 p>0.05 p>0.05 P<0.054

M-(M+1/R) P<0.05¢ P<0.05¢ P<0.05¢ p>0.05
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Fig. 1. Control, I/R, M and M+I/R of enzyme activities in rat kidney tissues.

In M group SOD activity was significantly de-
creased by control while in I/R group it was significant-
ly increased by control (p<0.05). When the groups were
compared in terms of CAT enzyme activity, a signifi-
cant difference was observed.

CAT enzyme activity was significantly higher in
the M+I/R group (p<0.05), no statistically significant
change was observed in the other groups (p>0.05).

GST enzyme activity was significantly higher in I/R
and M+I/R groups compared to group C, the GST acti-
vity in group M was significantly lower compared to group
C (p<0.05). In addition, the GST in group M was signifi-
cantly decreased compared to groups I/R and I/R-M.

MDA level was higher in the I/R group compared
to the C group (p<0.05). Besides, its level was lower in
M+1/R group compared to the group M (p>0.05).

Fig. 2. Light microscopic features of the rat’s kidney sections
from each group (H&E). (A) The control kidneys had normal
architecture. (B) The kidneys in melatonin-treated and
non- ischemic groups did not show histological abnormalities
(C) The kidney after IR damage showed epithelial necrosis,
vacuolization, congestion both interstitial connective tissue
and surrounding the tubules (arrows). (D) Effects of melatonin
on rat renal IR injury. The melatonin-treated IR injury had
less histological abnormalities compared with that observed in
kidneys from IR rats (H&E; magnification, x400).

Histologic findings. We examined the role of mela-
tonin in IR-induced renal and tubular damages. In or-
der to investigate the overall structure of kidney tissues,
we assessed the histologic sections stained with hema-
toxylin-eosin. The control and melatonin groups had
normal architecture. There was no considerable patho-
logic alteration in these groups. The histological ex-
amination of kidneys obtained from the I/R group had
severe renal damage, which included tubular epithelial
necrosis of the proximal convoluted tubule, congestion
surrounding the tubules and vacuolation involving ap-
proximately all tissue fields. The renal histology stained
with PAS especially was a significant loss of brush bor-
der in epithelial cells of proximal tubules.Tubular in-
jury in M+1/R had a little histological change (Figures
2 and 3).

Fig. 3. The Photomicrograph shows PAS—stained sections (A)
The proximal tubules have a brush border, whereas the distal
tubules have a cleaner, sharper luminal surface. Glomerular

basement membrane and brush border of proximal tubule
epithelial cells very clear with PAS staining. (B) The kidney
of non-ischemic melatonin-treated had nearly the same
architecture compared with the control group. (C) Kidney
sections obtained from the IR group. Severe damage can be
seen as a loss of brush border and cell damage. (D) Tubular
injury in melatonin-treated IR injury rats shows decreased/
moderate damage. (PAS; magnification, x400).
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Melatonin downregulates apoptotic cells. We in-
vestigated the influence of melatonin on the I/R of the
kidney in rats. The TUNEL method was used to evalu-
ate apoptotic cell count (Figures 4 and 5).

DAPL

TUNEL

____MERGE

3:-:--"':]\_rlelatonin+[R_ F

Fig. 4. UNEL+ cells reflective green immunofluorescence.
(A) There were only a few TUNEL+ cells in the kidney of the
control group. (B) The melatonin-treated group had also less
TUNEL+ cells like the control group. (C) It was determined

that many apoptotic cells in the tubules both cortex and
medulla of IR group. (D) Effects of melatonin on TUNEL+
cells in renal ischemia-reperfusion injury in rats. There was
TUNEL+apoptotic cells decreased on section profiles of this
group compared with I/R group.

15+

10+

TUNEL+ Cell number

Melatonin Melatonin
+

IR

Control IR

Fig. 5. Graph showing quantification of experimental groups.
TUNEL+cell number in kidney tissue of the I/R group was
higher compared to the control and other groups.

The number of TUNEL positive cells increased in
the I/R compared to the control group. TUNEL posi-
tive cell number decreased in M+1/R. But these apop-
totic cell number downregulated in the group I/R. Mel-
atonin significantly reduced the renal apoptosis in I/R
rats. These groups were indicated that melatonin may
protect kidney tissue from apoptosis.

Discussion. The most important reason for hypoxia
has been ischemia because of arterial or venous blood flow
disorders in organ and tissue leading to insufficient perfu-
sion. It is the restoration of blood flow to an organ or tis-
sue. It leads to damage as well as ischemia. caused by the
return of blood to the tissue after an ischemia or oxygen
deficiency period. The absence of oxygen and nutrients
from blood in the course of the ischemic period forms a
condition in which the renewal of circulation results in
inflammation and oxidative damage through the induc-
tion of oxidative stress rather than a renewal of normal
function. Occurring rapidly with the introduction of free
oxygen radicals and derivatives of molecular oxygen into
the cell is one of the reasons why reperfusion injury [23].

The most common cause of acute renal failure is
renal ischemia, which causes renal functional degrada-
tion through a combination of renal vasoconstriction,
renal tubular obstruction, tubular back leakage of glo-
merular filtrate, and decreased glomerular permeabil-
ity. It’s reported that reactive oxygen species (ROS:
02—, H,0, and OH +) play a crucial role in the patho-
physiology of various disease states such as ischemia-
reperfusion injury in the last decade.

When a tissue/organ is damaged it produces exces-
sive amounts of superoxide (O2—) and hydrogen per-
oxide (H,0,). During ischemia and reperfusion over-
production of ROS cause oxidative stress that results in
changes in mitochondrial oxidative phosphorylation,
depletion of adenosine triphosphate (ATP), an increase
in intracellular calcium, and activation of proteases and
phosphatases leading to the breakdown of membrane
phospholipids and cellular cytoskeleton and loss of cel-
lular integrity [24, 25].

The decrease in renal blood flow and following
reperfusion have occurred forms of tissue damage at
diverse degrees. SOR plays an important role in I/R in-
jury after renal ischemia [25]. Moreover, it is described
that lipid peroxidation levels are increased due to the
increase in SOR after reperfusion [26].

Cells have mechanisms to reduce in part or prevent
oxidative damage. It is announced that to have become
more sensitive with the formation of the tissue damage
of ischemic tissue, depending on the oxidant decreases
the amount of glutathione during ischemia and acceler-
ated inactivation of enzymes such as CAT, SOD, and
GPx and the cells are impacted of rapidly occurring
oxygen radicals during reperfusion [27].

Melatonin is a methoxyindole derivative produced
by different tissues and organs in mammals such as the
retina, bone marrow, gastrointestinal system, kidneys,
and skin but predominantly by the pineal gland. Mela-
tonin, which is secreted at the highest level in mammals
at night, is considered as a strong antioxidant and the
main source of melatonin in the blood is pinealocytes
in the central nervous system [28]. Many of its metabo-
lites, as well as melatonin, have proven to be effective
antioxidants because their antioxidative properties are
synergized with metabolites of free radical scavengers
and also act as an effective radical scavenger [29].
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Melatonin has been used as an antioxidant for
many years and several of its metabolites are also able
to protect cells from oxidative damage caused by reac-
tive species and it amplifies the antioxidant capacity of
melatonin [30].

In a study in the blood samples and kidney tissues
of the rats, Aktoz et al. [31] showed that I/R signifi-
cantly increased urea, creatinine, and MDA levels, and
decreased SOD and CAT activities. It may be due to the
response of the kidney tissue to the antioxidant defenses
system. In our study histopathological findings of the
I/R group confirmed that there was renal impairment
by cast formation and tubular necrosis in the tubular
epithelium. In the IR+Melatonin group, while MDA
levels significantly decreased, SOD activities increased.
In the IR+Melatonin group, the level of tubular necro-
sis and cast formation are significantly decreased than
those seen in the I/R group. These results may indicate
that melatonin pretreatment protects against biochemi-
cal, and morphological damage in renal I/R injury. Our
results show that in melatonin-treated groups SOD
activity, which was significantly decreased by con-
trol while I/R groups were significantly increased by
control. While activity was significantly higher in the
M+I/R group compared with the C group was not sta-
tistically significant. In addition, the I/R group com-
pared to the decrease in M group was statistically sig-
nificant while the I/R group compared to the decrease
in M+1I/R group was found to be not statistically sig-
nificant. When the groups were compared in terms of
CAT enzyme activity, a significant difference was ob-
served. While CAT enzyme activity was significantly
higher in the M+1/R group compared with the C group
no statistically significant change was observed. When
groups were compared in terms of kidney tissue MDA
levels, while the MDA level was significantly higher in
the I/R group compared with the C was not found to be
statistically significant. Whereas the MDA level was sig-
nificantly lower in the M and M+I/R group compared
with the C group was found to be statistically signifi-
cant (p<0.05). In addition, while the M+I/R group was
higher compared with the M was not found to be sta-
tistically significant. The differences between the bio-
chemical parameters may depend on the duration of the
effect of melatonin, dosage of melatonin and I/R time.

Hagar et al. [32] induced renal ischemia for 45 min
during which time they performed a right nephrectomy,
and allowed animals to reperfuse for 24 h. Induction of
renal ischemia-reperfusion resulted in renal dysfunc-
tion, as indicated by elevated levels of blood urea nitro-
gen and serum creatinine. In addition, the renal MDA
level was increased. In our study, when groups were
compared in terms of MDA levels, a significant differ-
ence was observed; the MDA level was higher in the
I/R group than in the C group. Lipid peroxidation, as a
free radical generating system, has been proposed to be
closely related to IR induced tissue injury and MDA is a
good indicator of the degree of lipid peroxidation. The
levels of MDA are significantly increased by IR, which

reflects increased lipid peroxidation due to increased
oxidative stress.

Korkmaz and Kolankaya [33] induced renal isch-
emia for 45 min during which time they performed a
right nephrectomy, and allowed animals to reperfuse
for 3 h. In the present experiment, the levels of MDA
are significantly increased and GSH activities are sig-
nificantly decreased. In our study, when groups were
compared in terms of kidney tissue MDA levels, the
MDA level was significantly lower in the M and M+1/R
group compared with the I/R group (p<0.05). GSH en-
zyme activity was not evaluated in our research.

Sener et al. [34] reported that local treatment with
melatonin inhibited the increase in malondialdehyde
levels after 2 and 0.5 hr I/R respectively, followed by
an additional 12 hr of ischemia. This protocol was been
repeated for 3 days by Sener et al. Then in treatment
groups, twice a day during reperfusion periods, melato-
nin was applied 5 mg per rat. Consistent with our find-
ings, the antioxidant effect of the application of melato-
nin may protect against oxidation of the kidney.

Sinanoglu O et al. [35] were evaluated the preven-
tive role of M and 1,25-dihydroxyvitamin D3 (VD3) in
biochemical and apoptotic events leading to tissue in-
jury and renal dysfunction after I/R. According to the
studies, kidneys and blood were obtained for histopath-
ological and biochemical evaluation after reperfusion.
M and VD3 had an ameliorative effect on biochemical
parameters such as blood urea nitrogen, serum creati-
nine, alanine aminotransferase, aspartate aminotrans-
ferase, and apoptosis in the kidneys against renal I/R
injury in rats. Additionally, VD3 combined with M
significantly reduced apoptotic and histological altera-
tions when compared with M or VD3 alone. This pre-
ventive effect on renal tubular apoptosis was remark-
able when M was combined with VD3. In our study, the
number of TUNEL-positive cells more increased in the
I/R group compared to the C group. In the M group,
TUNEL positive cell number was nearly the same with
the C group. When groups were compared as statistical
analyses, were not differences between C and M groups.
In addition, we were observed that there was a signifi-
cant difference between I/R and C, between I/R and
M+I/R and between I/R and M groups (p<0.05).

Ahmadiasl et al. [36] described 45 min of renal
pedicle occlusion followed by 24 hr reperfusion. M (10
mg/kg, IP) and erythropoietin (EP) (5000 U/kg, IP)
were administered prior to ischemia. They have found
that I/R decreased the tissue levels of SOD and CAT.
Consistent with this finding, I/R and similar oxidative
stress state, ROS accumulation, decrease in antioxidant
enzyme activities, and expression, or a combination of
both, cause deep injury to cellular components such
as proteins, lipids, and DNA. Also, they have found
that the levels of CAT and SOD increased by EPO +
M which indicates that EPO and M combination treat-
ment stimulates antioxidative enzymes, however, this
stimulation was not significant when compared with
other treatment groups. We have found that in I/R
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groups both SOD and CAT activities, which were sig-
nificantly increased compared to control. While SOD
activity was statistically significant CAT activity was
not statistically significant. This difference is that mela-
tonin (25 mg/kg, i.p) was administered 30 min before
subjecting rats to I/R and was high dose melatonin. The
animals are exposed to short-term and a high dose of
melatonin is made acute administration.

Sehajpal et al. [37] described to 40 min of renal
pedicle occlusion followed by 24 hr reperfusion. M (4
mg/kg, i.p) was administered 30 min before subjecting
rats to I/R. They reported that a significant reduction
in renal GST level was observed in I/R group compared
with the control group (without M).

Yip et al tested whether combined melatonin (M)
and exendin-4 (Ex4) treatment can better preserve glo-
merular structural integrity after IR injury compared
with either alone [38. They used adult male Sprague
Dawley rats (n = 50) were equally divided into sham
control, IR, IR-Ex4 (10 pg/kg s.c 30 min after reperfu-
sion and daily for 5 days), I/R+Mel (20 mg/kg i.p. at 30
min postreperfusion) and IR-Ex4-M were euthanized
at day 14. Changes in podocyte injury score (PIS) and
kidney injury score were highest in I/R group and low-
est in sham operated control SC, significantly higher in
I/R-Ex4 and IR-Mel groups than in I/R-Ex4-M, and
significantly higher in I/R+M group than in I/R-Ex4
group. Immunohistochemical microscopic findings of
FSP-1 and WT-1 (two glomerular damage markers),
and KIM-1, and snail (two renal tubular damage mark-
ers) showed identical patterns, while ZO-1, p-cadherin
expressions showed podocin, dystroglycan, fibronec-
tin, and synaptopodin (six glomerular integrity index)
showed an inverse pattern in comparison to podocyte
injury score PIS among the five groups. They found that
combined melatonin—exendin-4 therapy further pro-
tected glomerulus from IR injury [38].

Ma et al. first clarified the mechanisms underly-
ing mitochondrial dysfunction during IR and melato-
nin’s protection of mitochondria under this condition.
Thereafter, a special focus is placed on the protective
actions of melatonin against IR injury in the brain,
heart, liver, and others. They reported that increase the
potential of melatonin as a therapeutic agent in the fu-
ture [39].

Panah et. al. concentrated on determining the an-
ti-inflammatory and anti-oxidative effects of melatonin
on the complications of I/R. This study was demon-
strated that reduction in serum levels of renal function
and oxidative stress/inflammatory markers in the mela-
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