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Ischemia and reperfusion are natural steps during kidney transplantation, and ischemia-reperfusion 
injury is a critical condition in which physicians must preserve organ function and control cell damage. As 
leptin is thought to play an important role in the regulation of the immune system and inflammation and cur-
cumin is a potent anti-fibrotic agent, both agents are promising to have therapeutic impact on renal damage. 
The present study was designed to evaluate the effects of leptin and curcumin on renal ischemia-reperfusion 
injury. Forty adult male albino rats were divided into four groups: control; ischemia-reperfusion (I/R), leptin-
treated (leptin was injected intraperitoneally at a dose 100 μg/kg for 3 days prior to ischemia) and curcumin-
treated (curcumin was given orally at a dose of 50 mg/kg/day for 5 days before ischemia). All rats were sac-
rificed 24 hours after reperfusion. Serum urea and creatinine, renal malondialdehyde and total antioxidant 
capacity were measured. Renal TNF-α was assayed by ELISA and P65 and Bax mRNA expression were deter-
mined using RT-PCR. Our results demonstrated a significant increase in P65 and Bax mRNA expression after 
renal ischemia-reperfusion injury compared to control group. Both leptin and curcumin prevented oxidative 
damage of the renal tissues as they lowered MDA and nitric oxide levels, increased antioxidant capacity and 
decreased TNF-α level. It was shown that protective leptin and curcumin effect against kidney IR-induced 
oxidative injury was associated with a down-regulation of P65 and Bax expression. These results show that 
ischemia-reperfusion leads to renal damage and also they reveal that both leptin and curcumin have protec-
tive implications which may be promising agents for avoiding various adverse effects.
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Renal ischemia-reperfusion (IR) injury is a 
critical clinical issue in kidney transplan-
tations, cardiovascular surgery, shock and 

burn and it is the major cause of morbidity and mor-
tality during the perioperative period [1].

Ischemia-reperfusion injury may be related to 
the synthesis of proinflammatory mediators, produc-
tion of oxygen free radicals, and cell apoptosis [2]. 
The mechanisms that lead to the synthesis of proin-
flammatory and apoptotic mediators have been in-

vestigated in recent years [3]. Tumor necrosis factor 
alpha (TNF-α) is an important extracellular initiator 
of IR-induced inflammation and apoptosis. It acti-
vates a group of proteins called nuclear factor-kappa 
β which regulates the inflammatory and apoptotic 
process [4]. 

NF-kB family members consist of five tran-
scription factors in mammalians: RelA/p65, RelB, 
c-rel, NFkB1/p50 and NF-kB2/p52 [5]. These tran-
scription factors form homo- or hetero-dimers 
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to regulate different genes by binding to its target 
sequence on DNA which known as the kB sites. 
NF‑kB has been linked to various forms of experi-
mental and human renal injury [6].

Furthermore NF-κB plays a key role in the im-
mune response so abnormal regulation of NF-κB has 
been associated with inflammation, cancer and in-
appropriate immune development. Moreover it has 
a central role in the expression of proinflammatory 
genes, which are involved in the development of pro-
gressive renal inflammatory disease [4].

During the apoptotic process, early intracel-
lular events occur including mitochondrial changes 
which are mediated by members of the Bcl-2 fami
ly. Bax is the first identified pro-apoptotic member 
of Bcl-2 family [7]. Following a death stimulus, the 
pro-apoptotic family members, BAX and BAK pro-
teins form homo- and hetero-oligomers affecting 
mitochondrial outer membrane permeability and 
the release of inter-membrane space proteins such as 
Cytochrome c and activation of the apoptotic path-
way [8].  

Leptin is adipocyte-derived hormone, plays 
important roles in physiological processes, including 
fat storage and metabolic status which are linked to 
satiety, energy homeostasis, and reproduction in all 
vertebrates [9]. The renal effect of leptin remains 
controversial and it differs according the dose, time 
and administration route. For example, leptin in-
volvement in chronic kidney disease and in obesity-
related glomerulopathy is characterized by hyper-
leptinemia [10]. However, it exhibits cytoprotective 
effects on renal sepsis [11]. 

Curcumin is derived from the plant Curcuma 
longa called turmeric. These compounds play an im-
portant role in diseases prevention and health main-
taining, in addition to its therapeutic effects such as 
anti-inflammatory, anti-tumor and anti-oxidant ac-
tivities [12]. Curcumin may provoke some protection 
against chronic kidney disease and progression to 
end-stage renal failure through affecting inflamma-
tory enzymes and molecules which lead to chronic 
kidney disease [13] but, the evidence is still under 
investigation.

A number of studies have been performed in 
experimental models of renal disease and the effect 
of exogenous leptin and curcumin on renal damage 
has not yet been fully defined so the current study 
was designed to examine the renal changes hap-
pened as a result of ischemia-reperfusion injury in 
rat model and the effect of leptin and curcumin on 
pro-inflammatory and pro-apoptotic processes in 

this model. This may underlie the complexity of this 
condition and the potential targets for therapeutic 
intervention.

Materials and Methods

Establishment of renal ischemia-reperfusion 
model. The study was approved by the institutional 
ethical committee of Faculty of Medicine - Minia 
University. Rats were fasted for 12 h before surgery. 
After anesthesia with intraperitoneal injection of 
xylazine (10 mg/kg) and ketamine (50 mg/kg bw), 
abdominal hair was removed and an incision was 
made on abdomen along the mediventral line to open 
abdominal cavity. The anesthetized rat was placed 
on a heating pad to maintain the rectal temperature 
constant (37°C) throughout the surgery. Renal cap-
sule was bluntly separated to separate the kidneys. 
Renal pedicles were obstructed for 45 min with arte-
rial clamps. After 45 min of blockage, the clamps 
were taken away, and the kidneys were examined to 
endure reperfusion for 60 min [13].

Animals. Adult male albino rats weighed about 
180: 200 g were used throughout this study. All ani-
mals received humane care according to the criteria 
outlined in the “Guide for the Care and Use of Labo-
ratory Animals” prepared by NIH. They were kept 
at room temperature with natural light/dark cycles 
for one week to acclaim to the lab environment be-
fore inclusion in the study. All rats were provided 
with normal rat pellet diet (NPD) and tap water 
ad libitum. The rats were randomly classified into 
the following four groups (10 rats each): 1 – Con-
trol (C) group, both kidneys in rats were separated 
and exposed for 45 min, but renal pedicles were not 
clipped. 2 – Ischemia reperfusion group (I/R) group. 
In I/R group, bilateral renal pedicles were clipped for 
45 min, followed by perfusion for 1 h to establish I/R 
model. 3 – (I/R) + Leptin treated group: rats received 
leptin at a dose 100 μg/kg. intraperitoneally three 
consecutive days prior to ischemia [14]. 4 – (I/R) 
+ Curcumin treated group: Rats were treated with 
orally 50 mg/kg/day for 5 days before ischemia [15].

Sample collection. All rats in each group were 
sacrificed by decapitation 24 hours after reperfu-
sion. Sera were collected after blood centrifugation. 
The clear sera were stored at −20°C for determina-
tion of serum urea and serum creatinine (Diamond 
Diagnostics, Egypt). In all animals, one kidney was 
divided into two parts; one part was stored at −80°C 
for RNA extraction and the other part was homoge
nized for biochemical analysis.
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Analysis of renal homogenates. The excised 
kidney specimens for biochemical assay were 
weighed and homogenized separately in potassium 
phosphate buffer 10 mM pH (7.4). The ratio of tis-
sue weight to homogenization buffer was 1:10. The 
homogenates were centrifuged and the resulting su-
pernatant was used for measurement of renal malon-
dialdehyde (MDA) and total antioxidant capacity 
(TAC) according to the manufacturer' instructions 
(Biodiagnostic, Egypt). Renal tumor necrosis fac-
tor was assayed according to rat TNF-α ELISA Kit 
(Glory Science Co., Ltd, USA). NO was measured by 
enzymatic colorimetric methods using commercial 
kits (Biodiagnostic, Egypt). 

Real-time PCR for the relative quantification of 
P65 and Bax mRNA level. Real-time PCR was used 
for quantitative assessment of P65 and Bax expres-
sion in rat renal tissues. Total RNA was extracted 
from homogenized kidney using RiboZol solution 
(Amresco, Solon, USA) following the manufactu
rer’s instructions. 

cDNAs were synthesized using SensiFAST TM 
cDNA synthesis Kit (Bioline). cDNA was synthe-
sized at 42°C for 15 min then at 85°C for 5 min fol-
lowed by immediate cooling on ice. Real-time poly-
merase chain reaction was performed using 10 μl of 
SYBR Green QPCR Mix (SensiFAST™ SYBR® 
Lo-ROX Kit, Bioline). The SYBR green data were 
analyzed with a relative quantification to GAPDH 
(Glyceraldehyde-3-phosphate dehydrogenase) as 
reference gene. The sets of primers used were as 

follows: P65 sense primers, 5′ GGCCTCATCCA-
CATGAACTT-3′, P65 antisense, 5′-CACTGTCAC-
CTGGAAGCAGA-3, Bax sense primers, 5′-GGA-
GACACCTGAGCTGACCT-3′, Bax antisense 
primers, 5′-CTCAGCCCATCTTCTTCCAG-3′ and 
GAPDH sense primers: 5′-GTCGGTGTGAACG-
GATTTG-3′ and antisense 5′-CTTGCCGTGGGTA-
GAGTCAT-3′. The relative expression level of each 
gene was calculated using the formula 2(-ΔΔCt). Thus, 
results were graphed as relative expression compared 
with control group.

Statistical analysis. All data were represented 
as mean ± standard error of the mean (mean ± SEM). 
Data including P65 and Bax expression were ana-
lyzed by one-way analysis of variance (ANOVA) fol-
lowed by the Bonferroni multiple comparison test. 
A P value ≤ 0.05 was considered to indicate statis-
tical significance. SPSS (version 20) was used as 
analyzing software.

Results and Discussion

The renal injury markers, serum urea and cre-
atinine were significantly higher in renal ischemia 
group than that in control group. Adding either lep-
tin or curcumin significantly lower serum urea or 
creatinine compared to renal ischemia group but 
can’t reach to control level as shown in (Fig. 1)

As shown in Table 1 ischemia-reperfusion 
group showed significantly higher MDA, NO and 
TNF-α and significantly lower TAC than the control 
group. Ischemia-reperfusion + leptin and ischemia-

Fig. 1. Changes of serum urea (A) and creatinine (B) in different groups (10 rats each). Data are presented as 
mean ± SEM, a – significant from control, b – significant from renal ischemia group (P < 0.05)
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reperfusion + curcumin groups showed significantly 
lower MDA, NO and TNF-α and significantly higher 
TAC than IR group with non-significant change with 
control. 

Relative expression of P65 mRNA by real time 
PCR. Our results demonstrated a highly signifi-
cant increase in P65 mRNA expression after renal 
ischemia-reperfusion injury compared to control 
group (P = 0.001). On the other hand, leptin could 
significant decrease its expression (P = 0.03) and 
curcumin was able to highly significantly decrease 
its expression (P = 0.001). Relative expression in 
both groups was non-significant compared to con-
trol group (P = 0.08), (P = 0.07) respectively (Fig. 2). 

Relative expression of Bax mRNA by real time 
PCR. Our results reveal that there is highly signifi-
cant upregulation of pro-apoptotic Bax gene ex-
pression in kidney of ischemia-reperfusion group 
(P = 0.001). On the other hand, curcumin was able 
to significantly reduced Bax mRNA level compared 

T a b l e  1. Effects of ischemia-reperfusion alone or with leptin or curcumin on renal MDA, TAC-, NO (nitrite), 
and TNF-α levels

Control I/R I/R + leptin I/R +curcumin
MDA, nmol/gm 8.79 ± 0.39 15.77 ± 0.36a 8.61 ± 0.50b 7.56 ± 0.43b

TAC, nmol/gm 1.20 ± 0.32 0.60 ± 0.04a 1.10 ± 0.25b 1.30 ± 0.30b

NO, µmol/gm 31.06 ± 1.16 50.99 ± 0.55a 30.66 ± 0.97b 32.82 ±1.01b

TNF-α, pg/mg 
tissue protein 17.55 ± 1.07 35.0 ± 1.2a 16.9 ± 1.2b 17.0 ± 0.9b

Data are presented as mean ± SEM. asignificant from control, bsignificant from IR group. Significant level was set at 
P < 0.05, n = 10

Fig. 2. Relative expression of P65 mRNA in study 
groups (10 rats each). Data are presented as mean ± 
SEM. aSignificant from control, bsignificant from I/R 
group. Significant level was set at P < 0.05

Fig. 3. Relative expression of Bax mRNA in study 
groups (10 rats each). Data are presented as mean ± 
SEM. aSignificant from control, bsignificant from I/R 
group. Significant level was set at P < 0.05

to I/R group (P = 0.001) reaching to non-significant 
level compared to control group (P = 0.16) while 
leptin decreased its expression (P = 0.001) but still 
significantly higher than control group (Fig. 3).

Ischemia-reperfusion injury is associated with 
serious multiple-organs dysfunctions including 
brain, heart, gastrointestinal and systemic inflam-
matory response syndrome [16].

Ischemia–reperfusion injury in the kidney is 
used as a model of acute renal injury, which is as-
sociated with high mortality rate. Previous studies 
have described the related factors such as systemic 
inflammation induced by inflammatory mediators 
and apoptosis [17]. Inflammation is a physiologi-
cal response that mediates tissue repair after injury 
which linked to the pathogenesis of IR-induced acute 
renal injury [18]. 

Understanding the mechanism of ischemia-
reperfusion injury may provide a strong approach 
for injury prevention and for novel therapeutic op-
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portunities. In the present work, ischemia-reperfu-
sion produced renal damage manifested by signifi-
cant increase in serum urea and creatinine levels. In 
addition, it produced a significant increase in renal 
MDA, NO and TNF-α with subsequent decreased in 
of TAC as compared with the control. The genera-
tion of reactive oxygen species (ROS) causes oxida-
tive stress which promotes endothelial dysfunction, 
local inflammatory responses and DNA damage 
[19]. Ischemia–reperfusion (I/R) injury of both brain 
and heart has common mechanisms represented by 
oxidative stress [20]. 

Activation of NF-κB promotes pro-inflam-
matory cytokines including tumour necrosis factor 
(TNF)-α, interleukins (ILs) and nitric oxide (NO) 
which may finally cause renal damage [4]. This may 
explain the upregulation of P65 mRNA and pro-ap-
optotic, Bax gene expression after IR injury which 
may be a consequence of NF-kB activation. As 
TNF-α activates the mitochondrial apoptosis path-
way and results in apoptosis of renal tubule cells by 
increasing the expression of Bax gene [21]. This was 
similar to previous study which revealed the effect 
of NF-kB in folic acid-induced renal inflammation 
which was evidenced by a significant increase in the 
expression of P65 as well as over-expression of Bax 
gene [5]. Also TNF-α and NF-κB levels were both 
increased in the cisplatin-induced nephrotoxicity 
[22]. Moreover pretreatment with NF-κB inhibitor 
significantly decreased TNF-α gene expression [23] 

Interestingly our results revealed that leptin 
could attenuate nephrotoxic effects of I/R injury as 
it decreased MDA, NO and TNF-α and increased 
TCA in renal tissue, this is in agree with previous 
study which showed that leptin decreases intestinal 
IR injury [24].  Furthermore, leptin has been consid-
ered an important factor for treating brain ischemia/
reperfusion injury [25] as it has an anti inflammato-
ry effect through inhibiting the expression of tumor 
necrosis factor (TNF) α, IL-6, IL-1β and increasing 
the expression of IL-10 [26].

On assessment of P65, leptin could significant-
ly decrease its mRNA expression and could down-
regulate the expression of Bax gene in renal tissue 
in a significant way and although previously leptin 
caused no significant change in Bax mRNA expres-
sion in pancreatic tissue but when Bax protein ex-
pression was analyzed by Western blotting, it was 
found that incubation with leptin caused a significant 
28% decrease [27]. Furthermore, leptin enhanced the 
nuclear translocation of p50 and p65 in cortical neu-

rons with down-regulation of Bax expression [28]. 
Moreover, it was demonstrated that leptin represses 
BAX expression at the transcriptional level in pla-
cental cell line [29] supporting that ischemic pre-
conditioning can protect ischemia-reperfusion renal 
damage possibly by decreasing Bax expression and 
increasing Bcl-2 expression [30].

In the current work, Curcumin has protective 
effect against I/R renal damage through antioxidant 
effects by reduction renal (MDA, NO & TNF-α) with 
elevation in renal TAC compared with IR group. 
Curcumin has a beneficial effect  in treatment of 
various kidney diseases such as diabetic nephropa-
thy [31], chronic renal failure [32, 33] and nephro-
toxicity [34-36]. Furthermore, it could serve as a 
therapeutic agent for glomerulonephritis [37] as it 
significantly attenuated both renal dysfunction and 
oxidative stress, thereby presenting its potential to 
treat diabetic nephropathy [31, 38, 39]

Although a clinical trial’s in human suggests 
that increase consumption of curcumin may increase 
risk of renal stones development in susceptible indi-
viduals [40]. However a previous research showed 
that the antioxidant effect of curcumin was able 
to decrease oxidative stress and lipid peroxidation 
caused by calcium stones [41]. 

Our results demonstrated that curcumin could 
highly significantly decrease the expression of P65 
subunit (the active subunit of NF-kB). This in agree 
with a previous study which showed that curcumin 
prevented glomerular, interstitial, tubular epithe-
lial and endothelial cellular damage by decreasing 
of iNOS and p65 expression and serum nitric oxide 
levels [42].

It was shown that the anti-inflammatory ef-
fects of curcumin is linked to down-regulation of 
the expression of NF-kB-regulated gene, including 
COX-2, MMPs, Bax, and caspase-3 [43]. This was 
in agree with our results as curcumin could decrease 
the expression of bax gene in renal tissue. Although 
curcumin can both stimulate and inhibit apoptotic 
signaling, however, the curcumin effects on various 
cells depend on the concentration and the time of 
used treatment [44, 45].

Ghosh and his collagues [46] showed that cur-
cumin treatment improved kidney function in ani-
mals with chronic renal failure through antagonizing 
the effect of TNF-α elicited NF-kB activation and 
macrophage infiltration; this may reveal that the 
anti-inflammatory property of curcumin may be re-
sponsible for alleviating chronic renal failure. 

M. M. Ragy, M. M. Ramzy
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Curcumin is able to prevent renal injury 
through several mechanisms; (A) By the reduction 
of oxidative stress by preventing the generation of 
O2

• and scavenging different reactive oxygen spe-
cies, (B) by preventing the Nrf2 degradation, thus 
an increase of many anti-oxidant enzymes. (C) by 
reducing the inflammatory transcription factors such 
as NF-κB through inhibition of IκBα kinase (IKK) 
and TNF-α [47].

Conclusion. The current study suggested that 
both leptin and curcumin may protect kidney against 
IR-induced oxidative injury, probably through at-
tenuating oxidative stress which is related to the 
dysregulation of both pro-inflammatory and pro-
apoptotic processes and that was supported by de-
creasing TNF-α and down-regulating P65 and Bax 
expression. Additional research is required to imple-
ment applications as clinical treatments in humans.
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Лептин і куркумін 
впливають на ушкодження 
нирки за ішемії–реперфузії 
через регуляцію експресії 
генів Р65 та Вах
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Ішемія та реперфузія – критичний етап 
трансплантації нирки, під час якого лікарі мають 
зберегти функцію органів і контролювати по-
шкодження клітин. Оскільки вважається, що 
лептин відіграє важливу роль у регуляції імунної 
системи та запалення, а куркумін є потужним 
антифібротичним засобом, обидва агенти мо-
жуть бути перспективними в терапії ушкоджен-
ня нирок. У роботі оцінювали вплив лептину та 
куркуміну на ушкодження нирок, спричинене 
ішемією–реперфузією. Сорок дорослих самців 

щурів-альбіносів було поділено на чотири гру-
пи: контроль; з ішемією–реперфузією (ІР); за 
введення лептину (внутрішньочеревинно у дозі 
100 мкг/кг упродовж 3-х діб перед ішемією); за 
введення куркуміну (внутрішньочеревинно в 
дозі 50 мг/кг упродовж 5 діб перед ішемією). Усіх 
щурів забивали через 24 год після реперфузії. У 
сироватці крові вимірювали вміст сечовини та 
креатиніну, у тканині нирки – вміст малонового 
діальдегіду (MDA) та загальну антиоксидантну 
активність. Вміст TNF-α в нирках аналізували 
за допомогою ELISA, експресію мРНК P65 та 
Bax визначали методом RT-PCR. Спостерігали 
значне збільшення експресії мРНК P65 та Bax 
після ішемії–реперфузії нирок порівняно з кон-
трольною групою. Як лептин, так і куркумін 
запобігали окисному ураженню ниркової ткани-
ни, оскільки знижували рівень MDA та оксиду 
азоту, вміст TNF-α, підвищували антиоксидант-
ну активність. Показано, що захисний ефект леп-
тину та куркуміну від спричиненого ішемією–
реперфузією ураження нирки пов’язаний зі 
зниженням рівня експресії P65 та Bax. Таким 
чином, одержані результати продемонстрували, 
що лептин і куркумін виявляють захисну дію у 
разі спричиненого ІР ушкодженння нирок.

К л ю ч о в і  с л о в а: ішемія–реперфузія, 
нирка, Bax, P65, куркумін, лептин.
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