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Abstract

The present study was undertaken to determine the protective effects of Melatonin and Vitamin C in
combination against renal I/R injury in rats. 40 wistar albino female rats were divided into five groups:
Sham, I/R, I/R+Mel, I/R+VitC and I/R+Mel+VitC. While nothing was done in left kidney in Sham
group, all I/R groups were subjected to I/R procedure (45 min occlusion and 60 min reperfusion). In I/R
+Mel group, all rats were injected by Melatonin 50 mg/kg i.p. for 3 days plus morning of operation day.
In I/R+VitC group, all rats were injected by Vitamin C 500 mg/kg/day i.p. 24 hours before I/R
procedure. In I/R+Mel+VitC group, all rats were injected by Melatonin and Vitamin C by the same dose
and intervals as in I/R+Mel and I/R+VitC groups. After 3 days, rats were exposed to I/R procedure
following right nephrectomy. After sacrification, blood and left kidney parts were subjected to
biochemical and histopathological examinations. The I/R significantly increased serum urea, creatinine
and IMA levels and renal MPO activity and MDA levels, and decreased renal SOD and CAT activities.
Pretreatment with Melatonin and Vitamin C markedly reversed these findings. In histology, while
cortical necrotic changes of the epithelium lining tubules and glomeruli as well as asymmetrical and
shrunken glomeruli were observed in IR group, there was a marked regression of the histopathological
changes in combined pretreatment group. In conclusion, combined pretreatment with Melatonin and
Vitamin C seems to have higher anti-inflammatory and antioxidant properties than individual
pretreatments with either agent alone.
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Introduction
As in many other tissues, ischemia reperfusion causes also the
injury in kidney in a various conditions such as kidney
transplantation, partial nephrectomy, cardiopulmonary bypass
surgery, accidental trauma, sepsis, some urologic interventions
and hydronephrosis. Renal I/R injury may cause the renal
failure, tubular necrosis, the lower glomerular filtration and an
increase in renal vascular resistance.

Although it is essential for the survival of ischemic tissue,
reperfusion itself also causes cellular injury. Ischemia/
reperfusion (I/R) of an organ or tissue results in many cellular
events influencing the structure and function of virtually every
organelle and subcellular system of the affected cells [1,2]. A
number of processes including generation of reactive oxygen
species (ROS), depletion of adenosin 5′-triphosphate (ATP),
neutrophil infiltration, phospholipase activation and membrane

lipid alteration, cytoskelatal dysfunction, and intracellular
calcium accumulation have been implicated in the
pathogenesis of renal I/R induced cell injury [2-6]. Thus, the
mechanisms underlying renal I/R injury are multifactorial and
interdependent, involving hypoxia, inflammatory responses
and free-radical-induced damage [2,7].When the free radical
formation following the reperfusion exceeds the capacity of
endogenous antioxidant defence systems of the kidneys, free-
radical mediated cellular injury occurs. Thus, free radical
scavengers are proposed to be useful in the renal I/R injury [8].

Several experimental studies suggest that antioxidant vitamins,
including ascorbic acid (AA), produce cytoprotective effects
due to reduction of the ROS [9]. Thus, one major function of
the AA is to protect tissues from harmful oxidation products.
Furthermore, the AA prevents leukocyte activation, platelet
aggregation, and leukocyte adhesion to microvascular
endothelium [10]. Also, it has been demonstrated that the
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antioxidant and free radical scavenger ascorbic acid [11] has a
protective effect against drug-induced nephrotoxicity in
animals [12,13]. In addition, other previous studies showed
that the antioxidant ascorbic acid attenuated renal damage
caused by a variety of insults, such as postischemic stress,
cisplatin, aminoglycosides, and potassium bromate in animals
[14,15].

Figure 1: Histological features of the kidney cortex and glomeruli of
the groups stained with Hematoxylen-eosin. A. Group I (Sham
control), normal and healthy glomerul and tubules, x100. B. Group II
(ischemia/reperfusion-IR), cortical necrosis were seen in the tubules
(star) and glomeruli (arrowhead), x100. C. Group III (IR
+Melatonin), healing structure but still small glomerules and dilated
bowman space (star), x100. D. Group IV (IR+Vitamin C), healing
structure but still small glomerules (star), x100. E. Group V (IR
+Melatonin+Vitamin C), signs of recovery of cortical necrosis, x100.

Melatonin and its metabolites have potent antioxidant/anti-
inflammatory properties and have been proven to be highly
effective in a variety of disorders linked to inflammation and
oxidative stress [16-18]. Melatonin not only neutralizes the
RNS and the ROS species, but also acts through stimulation of
several antioxidant enzymatic systems and stabilizing cell
membranes [19,20]. Furthermore, melatonin treatment has
been shown to have a protective effect against the I/R induced
histopathological changes [21]. Melatonin is the major
hormone secreted by the pineal gland in human body [19,22].
The exogenous melatonin was shown to preserve renal
function by reducing lipid peroxidation, increasing glutathione
levels, and preventing the increase in nitrite levels induced by
renal I/R [23]. The aim of this study was to determine whether

pretreatment with combination of Melatonin and Vitamin C
have a significant effect on renal I/R injury.

Materials and Methods
All experiments on animals were performed in accordance with
the ethical guidelines for the Care and Use of Laboratory
Animals of the United States National Institutes of Health. The
study protocol was approved by the ethical animal research
committee at Adnan Menderes University. All animals were
kept in individual cages in a controlled room (at 25°C, 75 %
humidity, 12 hr light / dark cycle). The rats were fed ad libitum
with standard rat food and tap water. Rats were deprived of
food for overnight before experimentation but allowed free
access to tap water throughout. The study was performed using
female wistar albino rats (weighing 200-250 g).

Experimental design
40 wistar albino female rats were randomly divided into five
groups: Sham, I/R, I/R+Mel, I/R+VitC and I/R+Mel+VitC
(n=8). The rats were anesthetized by intraperitoneal injection
of ketamine hydrochloride (50 mg/kg) and xylazine (10mg/kg).
While nothing was done in left kidney in Sham group, all the
I/R groups were subjected to the I/R procedure (45 min
occlusion and 60 min reperfusion). In the I/R+Mel group, all
rats were injected by Melatonin (Sigma Chemical Co., St
Louis, MO, USA) 50 mg/kg i.p. for 3 days plus the morning of
operation day. In the I/R+VitC group, all rats were injected by
Vitamin C 500 mg/kg/day i.p. 24 hours before the I/R
procedure (Redox-C Ampul 500 mg/5 ml Bayer). In the I/R
+MEL+VitC group, all rats were injected by Melatonin and
Vitamin C by the same dose and intervals as in the I/R+Mel
and the I/R+VitC groups. After 3 days, rats were exposed to
renal I/R following right nephrectomy. After sacrification,
blood and left kidney parts were subjected to biochemical and
histopathological examinations.

Biochemical study
Determination of serum Urea, creatinine and ischemia
modified albumin (IMA) levels: After collecting, the blood
samples were centrifuged at 1000 g for 7 minutes in cold. The
serum was removed and stored at -80°C until analysis. Serum
levels of creatinine and urea were determined with a
chemiluminescent assay by routine an autoanalyzer (Architect
C8000, Abbott, IL, USA). The IMA levels in the serum
samples were determined via commercial SunRed Rat ELISA
kit, (Sunred Biological Technology, Baoshan District,
Shanghai, China). The test results were calculated by bioelisa
reader Elx800 using standart curve on via 450 nm. Procedures
were performed according to manufacturer’s instruction.

Measurement of tissue the MDA level and the MPO, the
SOD, the GPx and the CAT activities: The sample tissues
were homogenized on ice in the buffers provided/described in
the corresponding assay kits (The MDA Lysis Buffer (the
MDA); PBS having 0.1% NP40 (the MPO); 0.1M Tris/HCl,
pH 7.4 containing 0.5% Triton X-100, 5mM β -ME, 0.1mg/ml
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PMSF (the SOD); and cold assay buffer (the GPx and the
CAT)). Then the homogenates were centrifuged at 13,000 x g,
10 min for the MDA and the MPO assays; at 14,000 X g, 5 min
at 4°C for the SOD activity assay and at 10,000 x g for 15 min
at 4°C for the GPx and the CAT activity assays. In order to
determine the MDA level and the MPO, the SOD, the GPx and
the CAT activities, the supernatants were analyzed with their
corresponding assay kits according to the manufacturer’s
instructions. (All kits were from BioVision, Milpitas, CA,
USA).

Histopathology
All kidneys were fixed with 4% formaldehyde, dehydrated in
ethanol series, cleared in xylene and finally embedded into
paraffin blocks. Serial sections (5 μm) were taken randomly
from these blocks by a microtome (Leica RM 2135; Leica,
Germany) and were stained with hematoxylin-eosin. After
mounting with entellan medium slides were examined under
the Olympus BX51 light microscope (Olympus Co., Tokyo,
Japan) attached with a DP20 camera (Olympus Co., Tokyo,
Japan). The histological parameters evaluated in the kidney
tissues were; cortical necrosis, glomerulosclerosis, hyperemia
and tubuler damage. Histopathological changes in the kidney
were graded on a score; 0: none, 1: mild, 2: moderate and 3:
severe damage.

Statistical analysis
All results were expressed as median and range for all groups.
The data were analyzed using SPSS 17.0 program. The
analytic assessment of comparisons between twain groups was
carried out by Mann Whitney U test. Differences of p<0.05
were regarded as significant.

Results

In blood biochemical analyses, the higher urea and creatinine
levels (69.50 (65.25-80.25) and 0.74 (0.71-0.78)) in the IR
group were significantly decreased in the IR+VitC (60.50
(48.25-64.00)) and in the IR+Mel (0.71 (0.69-0.73)) groups
respectively (p<0.05). Also, the IMA levels in the IR+Mel
(13.90 (12.83-19.20)) and the IR+Mel+VitC (15.15
(14.15-17.25)) groups were remarkably lower compared to the
IR group (18.40 (17.33-26.63) p<0.05).

In tissue biochemical analyses, the MDA levels of the IR+Mel
(9.67 (3.09-12.21)), the IR+VitC (11.74 (8.44-13.42)) and the
IR+Mel+VitC groups (10.33 (3.40-11.15)) were lower than the
IR (15.17 (13.43-18.45)) and Sham control groups (12.96
(6.63-15.76), p<0.05). All individual and combinatorial
pretreatments decreased the MDA levels compared to the IR
and Sham groups (p<0.05). But combined pretreatment of
Melatonin and Vitamin C showed more efficient results in
preventing of lipid peroxidation (Table 1).

Table 1. Histological and biochemical results of all groups. IR, ischemia reperfusion group; IR+Mel, 50 mg/kg Melatonin pretreated group; IR
+VitC, 500 mg/kg Vitamin C pretreated group; IR+Mel+VitC, 50 mg/kg Melatonin and 500 mg/kg Vitamin C pretreated group; MDA,
Malondialdehyde; MPO, Myeloperoxidase; SOD, Superoxide dismutase; CAT, Catalase; GPx, Glutathione peroxidase; IMA, Ischemia modified
albumin.

Sham IR IR+Mel IR+VitC IR+Mel+VitC

Histology Score 0.0 (0.0-0.0)# 8.0 (4.0-8.00) 5.0 (4.0-6.0) 3.0 (2.0-7.0) 3.0 (2.0-5.0)*

MDA (nmol/mg) 12.96 (6.63-15.76) 15.17 (13.43-18.45) 9.67 (3.09-12.21)* 11.74 (8.44-13.42)* 10.33 (3.40-11.15)*

MPO (mU/ml) 11.63 (10.37-14.85)# 15.72 (15.49-17.89) 13.97 (11.10-15.78)* 14.16 (12.98-16.63) 12.85 (11.56-14.37)*

SOD(U/ml) 28.10 (11.55-46.65) 16 (11.35-18.38) 35.95 (22.20-39.33)* 32.60 (16.90-37.60) 46.35 (37.68-58.48)*

CAT (mU/ml) 3.05 (2.13-4.30) 2.70 (1.95-3.40) 2.75 (2.10-3.60) 3.05 (2.85-4.93) 4.7 (3.7-5.9)*

GPx (mU/ml) 79.2 (53.3-117.2) 124.2 (111.9-150.6) 99.70 (69.38-140.5) 109.0 (65.68-236.5) 153.7 (103.3-285.7)

Creatinine (mg/dl) 0.67 (0.57-0.73)# 0.74 (0.71-0.78) 0.71 (0.69-0.73)* 0.72 (0.65-0.75) 0,73 (0.65-0,76)

Urea (mg/dl) 67.00 (54.00-74.00) 69.50 (65.25-80.25) 69.50 (66.25-75.50) 60.50 (48.25-64.00)* 69.50 (60.00-74.00)

IMA (U/ml) 21.60 (16.70-24.80) 18.40 (17.33-26.63) 13.90 (12.83-19.20)* 18.90 (15.00-20.30) 15.15 (14.15-17.25)*

Median & Range. *p<0.05 versus IR and #p<0.05 versus IR group.

The GPx activity in combinatorial pretreatment group (153.7
(103.3-285.7)) was higher than all other groups (p>0.05). None
of the pretreatment groups (the IR+Mel (99.70 (69.38-140.5)),
the IR+VitC (109.0 (65.68-236.5)), the IR+Mel+VitC (153.7
(103.3-285.7)) caused significant change in the GPx activity
compared to the IR group (124.2 (111.9-150.6)). The CAT
activity was significantly increased in the IR+Mel+VitC group
(4.7 (3.7-5.9)) compared to the IR group (2.70 (1.95-3.40),
p<0.05). Although the CAT activity level was also increased in
the IR+Mel (2.75 (2.10-3.60)) and the IR+VitC (3.05
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(2.85-4.93)) groups, but it did not reached the significant level.
While the MPO activity of the IR group (15.72 (15.49-17.89))
were higher than all groups (Sham 11.63 (10.37-14.85), VitC
14.16 (12.98-16.63)), it was remarkably decreased in the IR
+Mel (13.97 (11.10-15.78)) and the IR+Mel+VitC (12.85
(11.56-14.37)) groups by the Melatonin and Melatonin
+Vitamin C pretreatment compared to the IR group (p<0.05).

A marked increase in the SOD activity levels were observed in
the IR+Mel+VitC (46.35 (37.68-58.48)) and the IR+Mel (35.95
(22.20-39.33)) groups compared to the IR group (16.00
(11.35-18.38)) (p<0.05). Overall, the best results in
biochemistry were observed in the I/R+MEL+VitC and the I/R
+MEL groups. But, combined application of Melatonin and
Vitamin C revealed more efficient results in almost all
parameters. The results of the histological examination showed
that while there was no difference among the microscopic
injury scores of the IR+Mel (5.0 (4.0-6.0)), the IR+VitC (3.0
(2.0-7.0)) and the IR+Mel+VitC groups (3.0 (2.0-5.0), P
>0.05), the microscopic injury scores of theIR+Mel+VitC
groups were significantly different from the microscopic injury
scores of the IR group (8.0 (4.0-8.00), P<0.05) (Table 1).
Combinatorial pretreatment with the Melatonin and Vitamin C
(3.0 (2.0-5.0)) resulted in a substantially lower microscopic
injury score compared to that in the IR group (P<0.05) (Table
1). While cortical necrosis were seen in the tubules and
glomeruli of the IR group, there was healing structure as well
as small glomeruli and dilated bowman space in the IR+VitC
and the IR+Mel groups respectively. The best recovery signs of
cortical necrosis were observed in the IR+Mel+VitC group
(Figure 1).

Discussion
Ischemia-reperfusion (I/R) causes the generation of superoxide
and other the ROS products such as hydrogen peroxide and
hydroxyl radical. The early rise in the ROS causes to lipid
peroxidation of the membranes, tissue damage and the loss of
renal function in the I/R-induced models of acute kidney injury
[24]. The I/R causes also generation of the proinflammatory
cytokines and chemokines from renal endothelial and
parenchymal cells [25]. These harmful effects of the I/R can be
prevented by effective antioxidant and anti-inflammatory
agents. In this regard, combination of melatonin and Vitamin C
were used in the present study, and their combined protective
effects were compared to their individual ones on the I/R injury
in adult rats. In the present study, impaired renal functions
were evidenced by elevated serum urea, creatinine and the
IMA levels and elevated kidney tissue the MPO activity and
the MDA levels as well as depleted kidney tissue the SOD and
the CAT activities in the I/R group. On the other hand,
asymmetrical and shrunken glomeruli, cortical necrotic
changes of the epithelium lining tubules (star) and glomeruli
(arrowhead) in renal histology clearly demonstrated the
alteration in renal structure after the I/R injury (Figure 1).

Pretreatment with Melatonin and Vitamin C resulted in marked
improvement in renal functions, manifested by significant
decrease of kidney the MPO activity and the MDA level, and

serum urea, creatinine and the IMA levels and significant
increase in kidney the CAT and the SOD activities. Also,
histopathological improvements were noticed in all
pretreatment groups. But, regression of the histopathological
changes caused by ischemia was remarkable in the combined
pretreated group. Glomeruli and tubules appeared apparently
healthy and also most of the tubules, with less necrosis and
infiltration. In the present study, we used another serum
marker, the IMA, in addition to urea and creatinine levels for
detecting of the protective effects of Melatonin and Vitamin C
alone and in combination against renal I/R injury. It has been
already suggested that the IMA may serve as early biomarker
for renal the IR injury. Amasyali et al. demonstrated that, the
rising the IMA levels might be useful for the prediction of
necrosis in renal the IR injury [26]. Our results on urea,
creatinine and the IMA levels were in agreement with previous
studies [26-28].

Furthermore, the renal tissue the MDA levels in the I/R group
was increased compared to sham group, indicating the
presence of enhanced lipid peroxidation due to the I/R injury.
There was a significant reduction of kidney tissue the MDA
levels in the ischemic rats pretreated with Melatonin and
Vitamin C alone and in combination. But combined
pretreatment of Melatonin and Vitamin C demonstrated more
efficient results in preventing of lipid peroxidation (Table 1).
The MDA results of the present study were in agreement with
previous studies [27-29]. In addition, significant increase in
renal the SOD and the CAT activities were evident in the
combined pretreated groups. These findings on the SOD and
the CAT activities were in agreement with studies of Singh and
Chander and Mohammed and Lasheen [2,30]. These increasing
effects on the SOD and the CAT activities could be attributed
to the reduction of the ROS and subsequently reduction of any
depressor effect of the ROS on gene expression of these
enzymes [2]. Moreover, none of the treatment groups caused a
significant change in the GPx activity compared to the IR
group. Although the highest the GPx activity level was in the
combination group, but it did not reached the significant level.
This could be due to insufficient reduction of depressor effect
of the ROS on gene expression of this enzyme [2].

In renal ischemia reperfusion injury, the neutrophils play a
major role in oxidant injury of the kidney via NADPH oxidase
and myeloperoxidase (MPO) activities of neutrophils.
Therefore, inhibition of neutrophil recruitment to ischemic
tissues during reperfusion and diminishing of the tissue the
MPO activity, which is an index of tissue neutrophil
infiltration, are essential in the prevention and treatment of
ischemia reperfusion injury. In a number of oxidative stress
models, such as liver, renal and skeletal muscle ischemia
reperfusion, it has been demonstrated that Melatonin and
Vitamin C treatment reduce the increase in the MPO activities
[31-33]. In the present study, elevated levels of the MPO
activity was inhibited by Melatonin and Vitamin C either alone
or in combination (Table 1). But combined application of
Melatonin and Vitamin C revealed more efficient results in
reduction of the MPO activity. Ischemia reperfusion promotes
also generation of the proinflammatory cytokines and
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chemokines from renal endothelial and parenchymal cells [25].
The cytokines and the ROS produced by the I/R injury
upregulate the expression of adhesion molecules [34]. The
combination of chemokines, cytokines and adhesion molecules
lead to recruitment, activation and sequestration of leukocytes,
which generate further the ROS and cytokines and potentiated
the injury [35]. In this regard, while several studies
demonstrated that proinflammatory cytokines such as the TNF-
α, IL-β and IL-6 levels in kidney increased by experimental
renal I/R [36-38], but Kurcer et al showed that renal ischemia
reperfusion did not cause an increase in the TNF-α, IL-β and
IL-6 levels and based on these results they suggested that
protection effect of Melatonin from renal I/R injury is not
mediated by proinflammatory cytokines [27]. In relation to
this, because we did not investigate any proinflammatory
parameters, we don’t know which one is true for our
experimental conditions. However, it is obviously true that a
portion of the protective effect of melatonin and Vitamin C in
the present study comes from reduction in the MPO activity
and the ROS generation of neutrophils, indicating that the
protective effect of both agents is neutrophil dependent.

Melatonin and Vitamin C have been used as antioxidant and
anti-inflammatory agent in many previous studies individually
or in combination with another agent [13,30,39-42]. To the best
of our knowledge, this is the first study showing of their
combination in renal I/R injury in rats. The biochemical and
histopathological results in the present study suggest that
Melatonin and Vitamin C pretreatments prevented renal
damage induced by I/R, but combined application of Melatonin
and Vitamin C revealed more efficient results in preventing
renal cell damages (Table 1 and Figure 1). This substantial
protection in the combination group could possibly originate
from the synergy between antioxidant and the anti-
inflammatory effects of the both molecules. However, the
nature of this synergy remains to be demonstrated. In addition,
since the treatment mechanisms of Melatonin and Vitamin C
were studied by many previous studies in detail in the
literature, we aimed to investigate just the protective effects of
combined application of Melatonin and Vitamin C against
renal I/R injury by exploring the antioxidant and anti-
inflammatory effects in the present study. However, we believe
that the mechanisms suggested in the literature so far are also
strongly likely in the present study.

In conclusion, combined pretreatment with Melatonin and
Vitamin C seems to have higher anti-inflammatory and
antioxidant properties than individual pretreatments with either
agent alone. Thus, prophylaxis with Melatonin and Vitamin C
has a potential to reduce the severity of renal injury in renal
ischemia-reperfusion in the rat.
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