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Background: Renal ischemia/reperfusion (I/R) injury may be related to activity of renin-
angiotensin system (RAS), which is gender-related. In this study, it was attempted to compare 
the effect of angiotensin II (Ang II) receptor type 1 (AT1R) blockade; losartan in I/R injury in 
male and female rats.
Materials and Methods: Male and female Wistar rats were assigned as sham surgery, control 
I/R groups treated with vehicle, and case I/R groups treated with losartan (30 mg/kg). Vehicle 
and losartan were given 2 hours before bilateral kidney ischemia induced by clamping renal 
arteries for 45 minutes followed by 24 hours of renal reperfusion. 
Results: The I/R injury significantly increased the serum levels of blood urea nitrogen (BUN) 
and creatinine (Cr), and kidney tissue damage score in both genders. However, losartan 
decreased these values in female rats significantly (P < 0.05). This was not observed in male 
rats.
Conclusion: Losartan protects the kidney from I/R injury in female but not in male rats 
possibly because of gender-related difference of RAS. 
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Introduction
Renal ischemia/reperfusion (I/R) injury is the most com-
mon cause of acute kidney injury (AKI), which is associat-
ed with increased morbidity and mortality rates in clinic. 
It occurs in hypovolemic conditions, septic shock, renal 
transplantation, or cardiovascular surgery (1). Generation 
of reactive oxygen species (ROS) highly increases during 
ischemia and reperfusion, and the overproduction of ROS 
promotes cell membrane peroxidation and inhibits anti-
oxidant system and causes mitochondrial dysfunction (2). 
It is known that ischemia in extensive level leads to ne-
crosis of proximal and outer medulla parts (3). Renin-an-
giotensin system (RAS) plays a predominant role in blood 
pressure regulation in both genders. The end product of 

RAS, angiotensin II (Ang II), binds to two main subtypes 
of receptors; namely angiotensin II type 1 and 2 recep-
tors (AT1R and AT2R). This system has a significant role 
in I/R process, and it is reported that losartan, an AT1R 
blocker, inhibits elevation of serum creatinine (Cr) level 
induced by I/R injury (4). However, the AT1R expression 
is higher in males while females have higher AT2R expres-
sion levels; therefore, kidney circulation may be different 
between the genders (5), and male hormone; testosterone 
may contribute to development of I/R injury in mice (6,7).
Losartan is usually prescribed for hypertension treat-
ment. It is also known that the RAS activity may be gen-
der-related (5,8). Therefore, we hypothesized that AT1R 
blockade may provide a gender-related effect in I/R injury 
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model in rats. 

Materials and Methods
Thirty-four age-matched male and female Wistar rats 
were used in this study (18 male and 16 female). The sham 
groups (group 1: male, n = 6, and group 2: female, n = 6) 
were subjected to sham surgery. Control groups (group 3: 
male, n = 5, and group 4: female, n = 5) received saline as 
vehicle two hours before induction of ischemia. The case 
groups (group 5: male, n = 7, and group 6: female, n = 5) 
were treated the same as control groups except they re-
ceived losartan (30 mg/kg) instead of vehicle. Bilateral 
kidney ischemia was induced by clamping renal arteries 
for 45 minutes. Then, the clamps were removed to induce 
renal reperfusion. Twenty-four hours post reperfusion, 
the animal was anesthetized again, blood samples were 
obtained via heart puncture, and after sacrificing the ani-
mals, the left kidney was removed for staining and pathol-
ogy investigation. Right kidney was homogenized and 
centrifuged to obtain supernatant for the measurement. 
The serum levels of Cr and blood urea nitrogen (BUN) 
were measured by quantitative diagnostic kits (Pars 
Azmoon, Tehran, Iran). Serum and tissue levels of nitrite 
were measured by an assay kit that involves the Griess 
reaction. Malondialdehyde (MDA) levels in serum and 
tissue were also measured manually. The left kidney was 
kept in 10% formalin solution and embedded in paraf-
fin. The samples were stained by hematoxylin and eosin 
(H&E), and the tissue damage was determined by two 
pathologists who were totally blind to the study protocol. 
Accordingly, the kidney tissue damage was determined 
based on tubular membrane loss, brush borders and tu-
bular dilation and simplification, and tubular cell swelling 
and necrosis. Finally, injury proportion (%) was reported.

Ethical issues 
The research followed the tenets of the Declaration of 
Helsinki. The research was approved by ethical commit-
tee of Isfahan University of Medical Sciences. Prior to the 
experiment, the protocols were confirmed to be in accor-
dance with the Guidelines of Animal Ethics Committee of 
Isfahan University of Medical Sciences.

Statistical analysis 
The data are expressed as mean ± SEM. The groups were 
compared in terms of the serum levels of BUN, Cr, nitrite, 
and MDA; and tissue nitrite and MDA levels using the 
one-way analysis of variance (ANOVA) followed by the 
least significant difference (LSD) test. The kidney tissue 
damage score (KTDS) was analyzed using the Kruskal-
Wallis and Mann-Whitney U tests. The P value less than 
0.05 was considered significant.

Results 
Effects of losartan on serum levels of BUN and Cr, kidney 
weight and KTDS
The I/R injury significantly increased the serum levels of 
BUN and Cr in both genders when compared with the 

sham group. However, this increase was higher by losartan 
in males. Such observation was not seen in females, and 
losartan attenuated the induced increase of serum levels 
of BUN and Cr by I/R injury. Such findings were in line 
with the data obtained for kidney weight (KW) and KTDS 
(Figure 1).

Effects of losartan on serum and kidney levels of nitrite 
and MDA and bodyweight 
The groups; neither male nor female groups, demonstrat-
ed no significant changes in serum and kidney levels of ni-
trite and MDA, and in bodyweight (BW) change (Table 1).

Discussion
In this study, we attempted to investigate the effect of 
losartan as AT1R blocker on renal I/R in male and female 
rats. We demonstrated that pretreatment with losartan 
accelerated kidney injury in male but not in female rats. 
Ischemia occurs in arterial occlusion, organ transplanta-
tion, and shock and leads to cell and organ injury. Fol-
lowing kidney ischemia, when reperfusion occurs, it lead 
to further injury in tissue and development of acute renal 
failure (ARF) (9). In the present study, we observed ARF 
induced by renal I/R injury in male and female rats, which Angiotensin II blockade and ischemia/reperfusion 
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Figure 1. Serum levels of BUN and Cr, KW and KTDS in male 
and female rats as sham-operated (sham), ischemia/reperfusion 
(I/R) (isch), and I/R treated with losartan (isch + L) groups. * and 
# indicate significant difference (P < 0.05) from the sham and isch 
groups, respectively.
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was characterized by increase in BUN and Cr serum lev-
els, KW, and KTDS (10). 
The RAS has a role in regulation of blood pressure in 
both genders and exert pivotal effect in progression and 
enhancement of renal injury (11). Ang II exerts its effect 
via two receptor subtypes; AT1R and AT2R (12). Studies 
have indicated that AT2 receptor plays contrary roles in 
regulation of blood pressure in males, which can be seen 
as a vasodilatory response (13). 
It has been demonstrated that females have higher renal 
AT2:AT1 receptor ratio than males. It provides evidence 
for vasoconstrictor/vasodilator balance of RAS in males 
and females (14), and the contribution of this system in 
development of cardiovascular diseases can be gender-
related (15). 
Ang II is one of the important vasoactive agents involves 
the ROS production during ARF (16) via overexpression 
and action of NADPH (17). High level of Ang II during 
reperfusion period causes deleterious effect in kidney tis-
sue such as necrosis and apoptosis (2) and reduction in 
mRNA level of AT1R (4). Accordingly, losartan plays an 
important role in systemic hemodynamic in ARF (4). In 
addition, it is well known that males are more sensitive to 
I/R-induced kidney injury than females; possibly due to 
sex hormone. Testosterone inhibits nitric oxide synthase 
activity and result in greater inflammatory response (6), 
and worsens renal injury in kidney diseases (18). In this 
regard, the risk of cardiovascular disease in males and 
menopause women is related to the protective effect of 
estrogen (19).
Females are protected against I/R injury because sexual 
hormones affect expression of cytokinin and vascular 
regulatory factors that are released after ischemia injury 
(20). Some evidence showed that the reason for these 
differences is the effect of gender on RAS; as sexual hor-
mones and gender affect Ang II and AT1R . In conclusion, 
as AT2R receptor expression in females is greater than that 
in males, it can be considered that inhibition of AT1R by 
losartan alter renal blood flow differently in males and fe-
males (21), and it increases stimulation of AT2R receptor 
in the kidney, while AT2 has a vasodilatory effect caused 
to elevate perfusion and GFR in kidney. Therefore, it can 
improve IRI and renal hemodynamics in female rats. 
It is also indicated that estrogen upregulate AT2R in fe-
males (14,22) and protect females against Ang II-induced 
hypertension (15,23).
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