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Introduction
Kidney ischemia is the most common 
disturbance in clinic which is accompanied 
with acute renal failure (ARF). ARF may 
occur in condition of transplantation, 
renal vascular surgery, and shock.[1] The 
membrane injury through production of 
oxygen‑free radicals is the side effect 
of ischemia‑reperfusion (IR) injury.[2] It 
is also demonstrated that gender is an 
important parameter in pathophysiology 
of ARF and inflammatory processes in the 
kidney.[3] It is known that male was more 
susceptible than female in acute renal 
injury in mice.[4] Due to the formation of 
stress oxidative during IR injury, usually, 
antioxidant agents’ potentially are candidate 
to protect the kidney against IR injury. 
Previously, we reported that the agents 
such as Γ‑aminobutyric acid, diminazene 
aceturate, and estrogen as antioxidants 
could protect the kidney against IR 
injury.[5‑7] Trace elements play an important 
role in body metabolism, and some of them 
perform antioxidant properties. Among 
them, zinc (Zn) is a trace element and 
antioxidant prevents oxidative stress. Zn 
is known as essential microelement for 
growth, metabolism, and it is active part 
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Abstract
Background: Zinc (Zn) knows as essential microelement which prevents oxidative stress. The effect 
of Zn supplement on renal function parameters in rats subjected to renal ischemia‑reperfusion (IR) 
injury was investigated. Methods: Male and female rats were subjected to renal IR with and without 
Zn sulfate (10 mg/kg/day for 5 days) supplementation. The kidney function markers and histology 
findings in Zn‑treated group were compared with sham and control groups. Results: The serum 
levels of blood urea nitrogen and creatinine (Cr) and kidney tissue damage score were increased 
significantly after renal injury (P < 0.05) gender dependently, but no alterations were observed for 
these markers in Zn‑treated animals after renal IR injury. Cr clearance was significantly different 
between genders (P < 0.05); however, Zn supplementation increased the Cr clearance and kidney 
nitrite level significantly in male rats (P < 0.05). Zn also increased urine flow in female (P < 0.05), 
but it did not alter urine load of Na (UNaV) and percentage of Na excretion (ENa%). Conclusions: Zn 
may improve renal function after IR injury gender dependently.
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of superoxide dismutase.[8] The protective 
effect of Zn against IR injury in some 
organs such as spinal cord and myocardium 
was reported.[9,10] The antioxidant effect 
of Zn mediated through the induction of 
metallothionein.[11] The protective role of 
Zn and its antioxidants effect on renal 
IR injury was investigated before;[11‑13] 
however, the role of gender was not 
reported. It is proposed that the protective 
role of Zn against renal IR is gender 
related, and this study was designed to 
investigate the effect of Zn supplement 
on renal function parameters in male and 
female rats subjected to renal IR injury.

Methods
Forty‑eight adult male and female 
rats (180 ± 10 g) were randomized into six 
groups. All experiments were approved by 
the Isfahan University of Medical Sciences’ 
Ethics Committee.

Groups 1 and 2: male (n = 8) and 
female (n = 8) rats as sham groups 
were anesthetized with chloral hydrate 
injection (450 mg/kg; ip) and subjected to 
surgery without renal IR injury. Groups 3 
and 4: male (n = 8) and female (n = 8) rats 
as control groups received vehicle (saline) 
for 5 consecutive days, and 2‑h post 
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last injection, the rats were anesthetized and subjected 
to surgery and renal IR injury. The renal IR injury was 
induced by clamping both left and right kidney vascular 
for 45 min followed by 24‑h reperfusion. Groups 5 and 6: 
male (n = 8) and female (n = 5) rats as Zn groups received 
the same regimen and procedures as Groups 3 and 4, 
respectively, except Zn sulfate (10 mg/kg/day; ip) instead 
vehicle. Next day after surgery (18 h after reperfusion), all 
animals were kept in metabolic cage for next 6 h for urine 
collection.

Finally, blood samples were obtained through heart 
puncture and the animal was sacrificed humanly. The left 
kidney was fixed in 10% formalin solution and stained 
(H and E method). Kidney tissue damage score (KTDS) 
was graded from 1 to 4 while score 0 was assigned to 
normal kidney tissue. The right kidney was homogenized 
and centrifuged. The levels of serum creatinine (Cr), 
blood urea nitrogen (BUN), and urine Cr were determined 
using quantitative diagnostic kits (Pars Azmoon, Iran). 
The serum and kidney levels of nitrite (stable nitric oxide 
metabolite) were measured using Griess method. The levels 
of sodium (Na) in serum and urine were measured using 
flame photometer assay.

Statistical analysis

Data were presented as the mean ± standard error of mean. 
Comparison between the groups in each gender was tested 
by ANOVA and Tukey test. Comparison between each 
parameter in two genders was done by independent sample 
Student’s t‑test. KTDS between the groups was compared 
by Kruskal–Wallis or Mann–Whitney test. P ≤ 0.05 
indicates a statistically significant.

Results
The results indicated that after renal IR injury 
(24‑h postreperfusion), the serum levels of BUN and Cr 
and KTDS were increased significantly (P < 0.05) in both 
male and female rats while these increased parameters were 
statistically different between genders (P < 0.05) [Figure 1]. 
In addition, no alterations were observed for the serum 
levels of BUN and Cr and KTDS in Zn‑treated animals, 
after renal IR injury. Cr clearance was significantly different 
between male and female in all the groups (P < 0.05); 
however, Zn supplementation increased the Cr clearance 
and kidney nitrite level significantly in male rats at 24‑h 
postreperfusion (P < 0.05) when compared with control 
and sham groups, and such observation was not seen in 

Figure 1: The serum levels of blood urea nitrogen and creatinine and creatinine clearance, urine flow, sodium urinary output per g kidney tissue (UNaV), and 
percentage of sodium excretion (ENa %) in experimental groups. The star (*) indicates a significant difference from other groups in the same gender (P < 0.05). 
The sign (#) shows a significant difference from control group (P < 0.05)
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female rats [Figure 1]. On the other hand, Zn increased 
urine flow (UF) significantly in female at 24‑h postrenal 
IR injury (P < 0.05), but it did not alter urine load of 
Na (UNaV) and percentage of Na excretion (ENa%). Tissue 
nitrite level increased in male Zn group compared to the 
other groups in the same gender while such observation 
was not seen in female. The UF in female control group 
showed significant difference (P < 0.05) when compared 
with female sham and Zn groups. The tissues images of 
kidney for all the groups of experiment are demonstrated 
in Figure 2.

Discussion
The present study showed that renal IR injury decreased 
renal function in male and female rats due to increase 
of serum BUN and Cr levels, KTDS and decrease of Cr 
clearance. However, administration of Zn improved renal 
function in both genders. Zn alteration was reported in 
hemodialysis patients,[14] and it may prevent the progression 
of the injury and improves the healing process in injured 
testes in rats by its antioxidant effect.[15] It is observed that 
patients with chronic failure have lower level of serum 
Zn.[16,17] Some studies also showed that Zn had protective 
effect on renal IR injury.[11,18,19]

Yilmaz and Mogulkoc indicated that supplementation 
of Zn and melatonin causes a protective effect in renal 
IR by inhibiting the oxidant systems and activating the 
antioxidant system in the kidney.[12] Zn also inhibits 
apoptosis and plays a protective role on renal IR injury 
possibly due to decreasing of oxidative stress and reducing 
caspase‑3 activity.[17]

Regarding the gender and based on our data, it seems that 
Zn is more protective in male than female rats against 
renal IR injury because the serum levels of BUN and Cr 
and KTDS were lower, and Cr clearance and tissue level of 
nitrite were higher by Zn in male than female. One reason 
may be related to sex hormones. Sexual hormones were 
reported to be protected the kidney against IR injury.[7,20]

Conclusions
According to our finding, Zn may improve renal function 
after IR injury, possibly to its antioxidant effects as 
previously reported,[6,7,11,18,19] and its protective role is 
gender related due to sex hormone and maybe other 
unknown factors.

Financial support and sponsorship

This research was supported by Isfahan University of 
Medical Sciences (Grant #294240).

Conflicts of interest

There are no conflicts of interest.

Received: 05 Jul 17 Accepted: 12 Nov 17
Published: 17 May 19

References
1. Bonventre JV, Zuk A. Ischemic acute renal failure: An 

inflammatory disease? Kidney Int 2004;66:480‑5.
2. Guan YF, Pritts TA, Montrose MH. Ischemic post‑conditioning 

to counteract intestinal ischemia/reperfusion injury. World J 
Gastrointest Pathophysiol 2010;1:137‑43.

3. Kher A, Meldrum KK, Wang M, Tsai BM, Pitcher JM, 
Meldrum DR, et al. Cellular and molecular mechanisms of sex 
differences in renal ischemia‑reperfusion injury. Cardiovasc Res 
2005;67:594‑603.

4. Kang KP, Lee JE, Lee AS, Jung YJ, Kim D, Lee S, et al. 
Effect of gender differences on the regulation of renal 
ischemia‑reperfusion‑induced inflammation in mice. Mol Med 
Rep 2014;9:2061‑8.

5. Vafapour M, Nematbakhsh M, Monajemi R, Mazaheri S, 
Talebi A, Talebi N, et al. Effect of Γ‑aminobutyric acid on 
kidney injury induced by renal ischemia‑reperfusion in male 
and female rats: Gender‑related difference. Adv Biomed Res 
2015;4:158.

6. Malek M, Nematbakhsh M. The preventive effects of diminazene 
aceturate in renal ischemia/reperfusion injury in male and female 
rats. Adv Prev Med 2014;2014:740647.

7. Iran‑Nejad A, Nematbakhsh M, Eshraghi‑Jazi F, Talebi A. 
Preventive role of estradiol on kidney injury induced by renal 
ischemia‑reperfusion in male and female rats. Int J Prev Med 
2015;6:22.

Figure 2: The tissue images of kidney for all the groups of experiment. More damages were seen in control groups

[Downloaded free from http://www.ijpvmjournal.net on Sunday, May 19, 2019, IP: 94.199.137.126]



Moslemi, et al.: Zinc and renal ischemia/reperfusion

International Journal of Preventive Medicine 2019, 10: 684

8. Tupe RS, Tupe SG, Tarwadi KV, Agte VV. Effect of different 
dietary zinc levels on hepatic antioxidant and micronutrients 
indices under oxidative stress conditions. Metabolism 
2010;59:1603‑11.

9. Viswanath K, Bodiga S, Balogun V, Zhang A, Bodiga VL. 
Cardioprotective effect of zinc requires erbB2 and akt during 
hypoxia/reoxygenation. Biometals 2011;24:171‑80.

10. Türüt H, Kurutas EB, Bulbuloglu E, Yasim A, Ozkaya M, 
Onder A, et al. Zinc aspartate alleviates lung injury induced by 
intestinal ischemia‑reperfusion in rats. J Surg Res 2009;151:62‑7.

11. Ogawa T, Mimura Y. Antioxidant effect of zinc on acute renal 
failure induced by ischemia‑reperfusion injury in rats. Am J 
Nephrol 1999;19:609‑14.

12. Yilmaz M, Mogulkoc R, Baltaci AK. Effect of three‑week 
zinc and melatonin supplementation on the oxidant‑antioxidant 
system in experimental renal ischemia‑reperfusion in rats. Acta 
Clin Croat 2015;54:395‑401.

13. Guo L, Li P, Meng C, Lu R, Yang Y, Zhou Y, et al. Protective 
effect of zinc on mouse renal ischemia‑reperfusion injury 
by anti‑apoptosis and antioxidation. Curr Pharm Biotechnol 
2014;15:577‑82.

14. Krachler M, Wirnsberger G, Irgolic KJ. Trace element status of 
hemodialyzed patients. Biol Trace Elem Res 1997;58:209‑21.

15. Boran C, Ozkan KU. The effect of zinc therapy on damaged 
testis in pre‑pubertal rats. Pediatr Surg Int 2004;20:444‑8.

16. Condon CJ, Freeman RM. Zinc metabolism in renal failure. Ann 
Intern Med 1970;73:531‑6.

17. Mansouri K, Halsted JA, Gombos EA. Zinc, copper, magnesium 
and calcium in dialyzed and nondialyzed uremic patients. Arch 
Intern Med 1970;125:88‑93.

18. Oksuz H, Bulbuloglu E, Senoglu N, Ciralik H, Yuzbasioglu MF, 
Kilinc M, et al. Re‑protective effects of pre‑ and post‑laparoscopy 
conditioning, zinc, pentoxifylline, and N‑acetylcysteine in an 
animal model of laparoscopy‑induced ischemia/reperfusion 
injury of the kidney. Ren Fail 2009;31:297‑302.

19. Atahan E, Ergun Y, Belge Kurutas E, Cetinus E, Guney Ergun U. 
Ischemia‑reperfusion injury in rat skeletal muscle is attenuated 
by zinc aspartate. J Surg Res 2007;137:109‑16.

20. Pongkan W, Chattipakorn SC, Chattipakorn N. Roles of 
testosterone replacement in cardiac ischemia‑reperfusion injury. 
J Cardiovasc Pharmacol Ther 2016;21:27‑43.

[Downloaded free from http://www.ijpvmjournal.net on Sunday, May 19, 2019, IP: 94.199.137.126]


