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BaSIC SCIenCe

IntroduCtIon

Leptin, a 167-amino acid peptide hormone, is the product of 
the obese (ob) gene and acts on central receptors for leptin (OB 
receptor) that control food intake and energy expenditure. It is 
specifically secreted by adipose tissue in mice, rats, and humans 
[1, 2]. It can influence hematopoiesis, thermogenesis, reproduction, 
angiogenesis, and immune homeostasis [1]. Leptin also has a pro-
tective effect on some tissues from I/R-induced organ failure and 
tissue damage [2].

Ischemia results in injury of tissue when the blood flow is in-
terrupted, but a more severe tissue injury comes when blood flow 
is restored [3, 4]. Ischemia/reperfusion (I/R) injury often occurs in 
clinical practice and is associated with high morbidity and mortal-
ity. It is important to improve the ability of organs, including the 
heart, brain, gastrointestinal tract, and kidney, to tolerate ischemic 
injury [3, 4]. Although several mechanisms have been proposed to 
explain the pathogenesis of I/R injury, most of the attention has 
focused on the role of apoptosis.

The kidney plays a central role in the regulation of body salt and 
water balance. Dysregulation of transporters in the kidney is re-
sponsible for altered salt and water balance in severe pathophysio-
logical states, including nephrotic syndrome, nephrogenic diabetes 
insipidus, hypertension, and acute renal failure [5]. I/R injury of the 
kidney is characterized by a series of events, including changes in 
vascular tone, enhanced vascular permeability to plasma proteins, 
and structural alterations in the renal tubule [6, 7]. However, gene 
expression and cell death mechanisms in I/R induced renal tissue 
were not sufficiently evaluated.

When tissue is exposed to destructive agents it immediately 
expresses different kinds of tumor suppressor genes to protect its 
genomic stability. P53, named as the “guardian of genome”, is one 
of the most important tumor suppressor genes. If DNA is damaged 
by agents, the cell expresses the p53 gene and repairs the damaged 
DNA [8]. However, if DNA is not repaired successfully, p53 stimu-
lates apoptotic cascades to prevent malignant cell formation. On 
the other hand, during normal fetal development, p53 expression 
may clearly be detected in developing tissues [9].  

Apoptosis, also termed “physiological cell death,” is a type of 
cell death. It is characterized by absence of cellular lyses and in-
flammation and represents a crucial mechanism of I/R injury [10]. 
The apoptotic mechanism is the most important process shaping 
organs during the intraembryonic period [11] and sustains the 
physiological balance of the number of cells during life [12]. At the 
same time, if the cells damaged by chemical or radioactive agents 
in organs are not repaired by anti-oncogenes, the apoptotic process 
is stimulated by such mediators as p53 (a guardian of genome), 
bcl-2, and caspases when damaged cells are eliminated to prevent 
malignancy. If some tissue is exposed to stress, the apoptotic index 
increases because of the increase in the number of injured cells. 
This reaction is beneficial for the organism. 

In this study, we decided to evaluate the effects of leptin on 
p53 gene expression and apoptosis in I/R induced renal injury.

MaterIalS and MethodS

Twenty-four Spraque-Dawley rats weighing 300-350 g of ei-
ther sex were used in the experiments. Rats were supplied from the 
Eskisehir Osmangazi University Experimental Research Center. They 
were group housed in polycarbonate cages (45 × 24 × 21 cm), in a 
temperature (21 ±1°C) and humidity (45-55%) controlled room that 
was maintained on a 12/12 reversed light cycle (lights off at 8:00 am). 
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aBStraCt

Introduction. Ischemia due to arterial occlusion, shock, 
or organ transplantation is a common cause of cell 
death and organ failure. This study was designed to 
assess the possible protective effects of leptin in isch-
emia/reperfusion (I/R) injury of renal tissue.
Material and methods. Twenty-four male Sprague-
Dawley rats were used. The animals were divided into 
3 groups. Control, I/R, and I/R+Leptin group. Rats were 
subjected to renal ischemia for 60 min. The I/R+Leptin 
group was pretreated with leptin (10 μl, i.p), which was 
administered 2 hours prior to the ischemia process. Then 
the clamps were removed and reperfusion was applied 
for 60 min. After reperfusion the kidneys were removed. 
Samples were collected and stained with hematoxylin 
and eosin (H&E) as well as immunohistochemically with 
p53. Apoptosis kits were used and positive cells were 
counted with an image analysis program and analyzed 
statistically. Also, in routine staining, the degree of 
edema, vascularization, and infiltrative cell migration 
was semiquantitatively evaluated. 
results. The number of p53 positive and apoptotic cells 
was smaller in the leptin treated group than the I/R 
group (respectively p=0.004 and p=0.016). At the same 
time, the scores obtained from the I/R+Leptin group were 
smaller than from the I/R group (for edema p=0.002, for 
vascularization p=0.004, and for infiltration p=0.009).
Conclusions. These results suggest that leptin reduces 
renal oxidative injury and facilitates repair. Leptin may 
have a role as a renoprotective agent by inhibiting p53 
positive cells and apoptosis.
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They were fed with a standard rat chow (Oguzlar yem, Eskisehir, 
Turkey) and allowed to drink water ad libitum. All experimental pro-
tocols were approved by the Eskişehir Osmangazi University Intu-
itional Local Animal Care and Use Committee.

Animals were randomly divided into three groups, each con-
sisting of 8 animals; a control group, an ischemia-reperfusion (I/R) 
group, and a leptin, and I/R (leptin+I/R) group.

Leptin (10 μg/kg, i.p) was administered 2 hours prior to the 
ischemia process. The rats were anesthetized during all surgical 
procedures with ketamine (50 mg/kg, i.p) and rompun (20 mg/kg, 
i.p) and placed on a temperature regulated table (37 ºC +0.5ºC) to 
maintain body temperature. The abdominal region was shaved with 
a safety razor and sterilized with povidone iodine solution. A middle 
incision was made and a non-traumatic vascular clamp was applied 
to the left renal pedicle for 60 minutes followed by reperfusion for 
60 minutes. None of the animals died during the I/R period. At the 
end of the reperfusion period, rats were killed and the left kidneys 
were removed and stained with H&E as well as immunohistochem-
ically with p53 and apoptosis kits. Positive cells were counted with 
an image analysis program and analyzed statistically. On the other 
hand, after routine staining, the degree of edema, vascularization, 
and infiltrative cell migration was semi-quantitatively evaluated. 

histological determinations
All the specimens were fixed in 10% neutral formalin, dehydrat-

ed in increasing alcohol series, cleared in xylene, and embedded in 
paraffin. Several 5 micron sections obtained from these specimens 
were mounted on poly-L-lysine coated slides.

dna nick end-labeling of tissue Sections
Dead cells that exhibited DNA fragmentation were determined by 

the TDT-mediated dUTP-biotin nick end-labeling (TUNEL) technique 
using a commercial kit (Tdt-Fragel DNA Fragmentation Detection 
kit QIA33 Calbiochem, Darmstadt). After the sections were depar-
affinized and rehydrated, they were washed in tris-buffered saline 
(TBS) for 5 minutes. Two mg/ml Proteinase K 1:100 in 10 mM Tris pH 
was used for permeabilization of tissues at room temperature for 
20 minutes and then rinsed with TBS. Ten percent H2O2 in methanol 
was used for inactivation of endogenous peroxidases at room tem-
perature for 5 minutes and then rinsed with TBS. After equilibration, 
a buffer 1:5 in deionized water was applied and all sections were cov-
ered with 3 μl TdT enzyme plus 57 μl TdT Labeling Reaction mix and 
covered with a piece of parafilm and then incubated at 37oC for 1.5 
hours in a humidified chamber. At the end of incubation, the sections 
were washed with TBS and the labeling reaction was ended with Stop 

Buffer at room temperature for 5 minutes and then washed with TBS 
again. For detection, all sections were covered with 100 μl of Blocking 
Buffer at room temperature for 10 minutes and conjugate in Blocking 
Buffer was applied in a humidified chamber at room temperature for 
30 minutes. After the sections were washed with TBS, 100 μl solution 
prepared with one tablet of diaminobenzidine (DAB) plus an H2O2/
urea tablet in tap water was applied at room temperature for 15 min-
utes and then rinsed with deionized water. One hundred μl of methyl 
green counterstain solution was used for counterstaining of sections 
at room temperature for 3 minutes. Then the slides were dipped 2 
times into absolute ethanol and xylene, respectively, and mounted 
with Entellan (Sigma, St Louis, MO).

Statistical analysis
Data were expressed as mean ± SEM and analyzed with the 

Mann-Whitney U test. A value of p <0.05 was considered statisti-
cally significant. For statistical analysis the program SPSS 10.0 for 
Windows was used. 

reSultS

To examine the effects of leptin on an I/R injured kidney, rats 
were treated with leptin prior to I/R injury. 

Microscopic determinations
Edema, vascularization, and infiltration fields were seen in the 

I/R group relative to the control and leptin treated group in H&E 
tissue determinations. However there were some inflammatory 
cells and edema in the leptin treated group, but these fields were 
smaller and weaker than in the I/R group. In the control group, 
all the structures of the kidney were normal in appearance. H&E 
stained sections of rat kidneys are shown in figs 1 and 2. 

apoptosis
After 60 min of ischemia and 60 min of reperfusion, the num-

ber of apoptotic cells significantly decreased in the leptin+I/R group 
(Fig. 3) when compared to the I/R group (Fig. 4), (p=0.004) . There 
were no apoptotic cells in the control group.

p53 expression
P53 (+) cells in the leptin+I/R group (Fig. 5) decreased relative 

to the I/R group (Fig. 6) and this difference between the groups 
was significant (p: 0.016). In the control group, the glomerular 
structure and tubules in the cortex and medulla were normal in 
appearance.

fig. 1. Histologic views of rat kidney in the leptin+I/R group (H&E, x100). fig. 2. Histologic views of rat kidney in the I/R group (H&E, x100).
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dISCuSSIon

In this study the number of p53 expressing and apoptotic cells 
was significant in the I/R injured renal tissue, whereas the number 
of apoptotic cells was decreased in the leptin treated group. These 
results show that leptin plays an important role in the attenuation 
of I/R induced renal injury by decreasing the number of apoptotic 
cells and p53 expression. 

Acute renal failure caused by ischemia is a complex syndrome 
involving renal vasoconstriction, extensive tubular damage, tubu-
lar cell necrosis, glomerular filtration failure, and glomerular in-
jury [13].  The mechanisms underlying I/R damage to kidneys are 
most likely multi-factorial and interdependent, involving hypoxia, 
inflammatory responses, and free radical damage [6, 14].  A num-
ber of processes have been implicated in the pathogenesis of oxy-
gen deprivation-induced cell injury. These include: disturbances of 
the cells calcium metabolism, activation of phospholipases with 
the production of toxic lipid metabolites, and loss of cell volume 
[15, 16].  

Apoptosis (programmed cell death) is a physiologically con-
trolled mechanism that occurs in several pathological situations 
[16]. It is increasingly recognized as a major mode of cell death 
after ischemic injury to the kidney. Ischemia/reperfusion (I/R) in-
jury is accompanied by multiple changes in signaling molecules and 
metabolic effectors that can, independently or in concert, trigger 
cell death in various ways. These mechanisms include changes in 

intracellular pH, calcium, ceramide, and free radicals as well as ade-
nosine triphosphate (ATP) depletion and hypoxia. While all of these 
factors are grossly deranged during abrupt necrotic cell death, they 
can also be specific effectors of apoptotic death under certain cir-
cumstances [17]. In some experimental studies researchers used 
many agents to induce apoptosis, but the mechanisms involved in 
leptin-induced I/R apoptosis of the kidney are not well known.

Some of the research found in literature was focused on apop-
tosis by using various agents. There is also some research related to 
leptin on different organs, but the mechanisms involved in leptin-
induced I/R apoptosis on kidney are not well known. 

In our previous study, leptin was shown to have a protective 
effect on gastric and renal tissue in rats when injured by I/R mecha-
nisms [2, 18].  Some research reports that leptin inhibits apoptosis 
in the thymus and stellate cells as well as B and T lymphocytes 
[19-21].  Magarinos reported that the possible effects of leptin on 
trophoblastic cell proliferation, survival, and apoptosis in humans 
[22] as well as its effects through ovarian receptors can suppress 
mammalian ovarian cell apoptosis [23]. Leptin also stimulates pro-
liferation and inhibits apoptosis in human colon cancer cells [24].  
In light of these studies we chose to investigate the effects of leptin 
on apoptosis in kidney tissue and we showed that leptin signifi-
cantly decreases the number of apoptotic and p53 (+) cells in I/R 
induced renal tissue injury. P53 expression during I/R induced renal 
injury indicates genomic damages. Leptin can repair these genomic 
damages in I/R induced renal tissue injury.

fig. 3. Apoptotic cells of rat kidney in the leptin+I/R group (x200).

fig. 5. P53 positive cells of rat kidney in the leptin+I/R group (x200).

fig. 4. Apoptotic cells of rat kidney in the I/R group (x200).

fig. 6. P53 positive cells of rat kidney in the I/R group (x200).
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ConCluSIon

Pretreatment with leptin seems to be effective in prevention of 
I/R induced renal tissue injury by decreasing the number of apop-
totic and p53 (+) cells. These results revealed an important role of 
leptin in I/R induced apoptosis and suggest that leptin might be 
useful in protecting renal tissue against I/R associated injury.
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