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ABSTRACT

Introduction: Nitric oxide (NO) has some important roles in endothelial functioning and
renal hemodynamics. Based on previous studies, NO function is different in both genders.
Probably, antioxidant vitamins, as free radical scavengers, have some protective effects on
renal injury.

Objectives: This study aims to search the possible antioxidant effects on nitrite level in both
sexes.

Materials and Methods: The rats were divided into 8 groups each including both male
and female ones; The categories include 1) gentamicin treated, 2) gentamicin and vitamin
E-treated, 3) gentamicin and vitamin C-treated, 4) gentamicin plus vitamin E and C treated.
Nine days after administering drugs, blood samples were collected from the heart. The level of
urea, creatinine (Cr), and nitrite were measured in the animals serum. Also, nitrite level was
measured in the homogenized kidney tissue.

Results: Gentamicin, in male and female rats enhanced serum urea and Cr levels significantly
at the level of P<0.05. In the presence of the vitamins E and C individually urea and Cr levels
decreased significantly too. After GM administration serum nitrite level was higher in female
than male rats at the statistically significant level. Vitamin E increased serum nitrite level in
male and female rats in comparison with GM group. Similarly, the vitamins enhanced kidney
nitrite level which was significantly higher in male than female animals.

Conclusion: This study shows that administrating vitamin E and C could individually have
stronger effect on nitrite more prominently among male rats.

Implication for health policy/practice/research/medical education:

In this experimental study, 68 adult Wistar rats made the subject of the study. Administration of vitamin E and C, in an
individual manner, can have some more favorable effects on urea, creatinine and nitrite level in GM nephrotoxicity than their co-
administration. On the other hand, there is a gender difference, in response to vitamin E and C in which male gender responded
more favorably to the antioxidant vitamins.

Please cite this paper as: Safari T, Miri S, Kourkinejad Gharaei F, NazriPanjaki A, Saeidienik F, Bagheri H, et al. Nitric oxide
metabolite changes in gentamicin-induced nephrotoxicity; the effects of antioxidant vitamins. ] Renal Inj Prev. 2018;7(3):201-205.
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Introduction

causes enhancing vascular resistance and hypertension

Nitric oxide (NO) is produced by NO syntheses from
l-arginine (1-3). Many studies have shown that NO
production in female during pregnancy and after estrogen
administration is more than male (4,5). This mediator has
some important roles in endothelial functioning and renal
hemodynamics (1,2). Studies show that NO deficiency

(6). Previous studies have also revealed that estrogen
increases NO production. On the other hand, researchers
have reported that NO release in response to acetylcholine
is more observed among females (7,8).

GM, as an aminoglycoside antibiotic, is widely used in
gram-negative infections (9-11). It is worth mentioning
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that nephrotoxicity is, unfavorably, the most common
side effect of GM (12,13). Probably, GM, via increasing
free radicals (14) decreases the level of antioxidants and
accelerates the renal damage (15,16). On the other hand,
antioxidant vitamins, as free radical scavengers, have
some important effects on renal diseases (17). Also, these
vitamins can generally increase nitrite level (18).

Enormous studies have shown some contradictory effects
on serum and kidney level of NO. For example, Sadeghi
et al reported that after administration of GM, serum and
kidney levels of NO decreased (19), while Morsy et al
documented that GM increased nitrite levels (20).

Objectives

Based on these facts, the following questions are raised
here; 1) are there any differences in serum and kidney
level of nitrite after GM administration in both genders
and 2) are there any differences in response to antioxidant
vitamins between male and female rats. Regarding these
questions, we sought to examine whether antioxidant
vitamins have any different effects on serum and kidney
nitrite between the two sexes? To test this hypothesis,
male and female rats were selected to be evaluated for
any possible effects of antioxidant vitamins on serum and
kidney nitrite level.

Materials and Methods

Animals

In this research, 68 adult Wistar rats were used from the
animal center of Zahedan University of Medical Sciences.
The female ones weighed 178.0 + 2.5 g and the male
ones 197.4 + 7.2 g on average. These rats were housed at
a temperature of 23-25°C. They had free access to water
and rat chow. They were also acclimatized to their diet
for at least one week prior to the experiment. Moreover,
the experimental procedure of the research was approved
by the Zahedan University Medical Sciences Ethics
Committee.

Drugs

Gentamicin was purchased from Caspian Company in
Iran, vitamin E and C were obtained from Sigma (St.
Louis, MO, USA) and Scharlab S.L Spain, respectively.

Experimental protocol

The animals were randomly assigned to eight groups each
including both male and female ones. The first and second
groups, each including nine rats, received gentamicin (80
mg/kg/d) for 9 days (21). Similarly, the third and fourth
groups, each including nine rats, received a regular dose
of gentamicin (80 mg/kg/d) + vitamin E (1 g/kg/d) for 9
days (22). The fifth and sixth groups, each consisting of
eight animals, obtained a continuous dose of gentamicin
(80 mg/kg/d) + vitamin C (250 mg/kg/d) for 9 days (23).
The seventh and eighth groups, each consisting of eight
animals, obtained a dose of gentamicin + vitamin E and
C, simultaneously for duration of 9 days.

On the next day, after the end of drug administration,
blood samples were taken from the heart of each animal.
The serum levels of urea, creatinine (Cr) and nitrite were
measured. During the study, the animals’ weights were
measured and recorded on a daily basis. Also, kidney
nitrite level was measured in the homogenized tissue.

Measurements

The levels of serum Cr and urea were determined using
quantitative diagnostic kits (Pars Azmoon, Iran). The level
of nitrite (stable NO metabolite) in serum and supernatant
was measured using a colorimetric assay kit (Promega
Corporation, USA) that involves the Griess reaction.

Ethical issues

The research followed the tenets of the Declaration of
Helsinki. This project was approved by Ethics Committee
of Zahedan University of Medical. Prior to the experiment,
the protocols were confirmed to be in accordance with
the guidelines of Animal Ethics Committee of Zahedan
University of Medical Sciences (code# 7475).

Statistical analysis

Data are expressed as mean + SEM. The levels of urea,
Cr, nitrite and kidney weights were analyzed by one-way
analysis of variance (ANOVA) followed by the Tukey test.
These parameters were compared in each group between
male and female by t-Student test. P values less than 0.05
were considered statistically significant using SPSS version
16 for the data analysis

Results

According to this study, the comparison of kidney weight
in all groups did not show any significant difference in
male and female rats.

GM 80 mg/kg for 9 days, in male and female rats enhanced
serum urea and Cr levels at the significant level of P<0.05,
which approves kidney damage (Table 1). In the presence
of vitamin E and C individually, urea and Cr levels were
decreased significantly in both genders. The concomitant
use of antioxidant vitamins does not have any effect on
urea and Cr levels (Table 1).

In response to GM, serum nitrite level was significantly
higher in female rats than male rats (Figure 1). In the
presence of vitamin E, serum nitrite level has significantly
increased in male and female rats in comparison with GM
group, that also shows a significant difference between
both gender. Vitamin C alone and co-administration of
antioxidant vitamins had no observable effect on serum
nitrite level in male rats but in female rats this effect was
significant and decreased nitrite level (Figure 1).

The comparison of the kidney level of nitrite in the groups
treated by GM did not show a significant difference
between both genders. Following the administration
of antioxidant vitamins, kidney nitrite level increased
compared with GM group, at the statistically significant
level (Figure 2). It is worth mentioning that in male rats,
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Table 1. Blood urea and creatinine in male and female rats

Nitric oxide metabolite changes in kidney

Urea (mg/dL)

Creatinine (mg/dL)

Group Male Female Male Female

GM 116.94+4.18* 132.14+2.36* 2.14+0.25* 1.5+0.25*
G+E 60.62+2.89 64.14+6.93 1.14+0.09 0.9+0.07
G+C 58.93+3.37 56.8013.18 1.42+0.20 0.81+0.04
G+E+C 110.31+5.69 127.42+8.47 1.62+0.1 1.21+0.19

All groups received gentamicin 80 mg/kg/d (GM), GM+ vitamin E 1 g/kg/d (G +E), GM + vitamin C 250 mg/kg/d (G +C) and GM + vitamin E and C (G +
E +C) for 9 days. * indicates significant difference between GM group with G + E and G+C groups (P < 0.05). Values are expressed as mean + SEM.

in response to vitamins treatment, the increase of kidney
nitrite level was higher than that of female rats (P <0.05).

Discussion

There are three main findings in this research are
discussed in the following. Firstly, the administration of
vitamin E and C can, individually, decrease urea and Cr
level in both genders. Secondly, vitamin E can by itself
increase serum nitrite level in male and female rats;
while this increase was higher in female rats. Thirdly, in
the presence of antioxidant vitamins, kidney nitrite level
enhanced in comparison with that of GM group, but it was
significantly higher in male rats.

Previous studies have documented that antioxidant
vitamins with increase of NO synthase activity can
enhance NO level, which is consistent with our results.
They have also reported that the vasodilator effect of
NO improves the blood flow which can, in its own turn,
decrease tissue damage (24). In another study, Jilanchi et
al have shown that, in cisplatin nephrotoxicity, vitamin E
modified BUN and Cr level in male rates; while this effect
was not observed in female rats (22). Actually, antioxidant
vitamins act as free radical scavengers, therefore, the
decrease of kidney damage can improve BUN and Cr level.
In their research, the increased serum level of nitrite in
female rats can be due to the higher level of inducible NO
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Figure 1. Serum Nitrite level, The groups received gentamicin
80 mg/kg/d (GM), GM+ vitamin E, 1 g/kg/d (G +E), GM +vitamin
C, 250 mg/kg/d (G +C) and GM + vitamins E and C (G + E +C)
for 9 days. The symbols indicate significant difference; $ from
GM group, B from G+C or G+E+C groups, © from G+E, G+C
or G+E+C groups in the same gender (P<0.05). The symbol
T indicates significant difference from female rats in the same
group (P<0.05).

synthase (iNOS) and the presence of estrogen in female
rats (22). Estrogen enhanced iNOS expression which in its
own turn increases NO level. Normally, Estrogen induces
oxidative stress which increases nitrite level (25), that this
is true with our study.

The results of the study by Sadeghi et al, have shown that
GM reduces kidney nitrite level. They have also reported
that treatment with pomegranate flower extract improves
BUN and Cr level and decreases renal damage (19).

NO, as an important biologic agent is synthesized by
three types of NO synthase isoform consisting of neural
NOS (nNOS), endothelial NOS (eNOS) and inducible
NOS (iNOS) (26,27). Our study shows that the decrease
of nitrite resulted from GM-treatment, was improved
by vitamin E and C, hence it could compensate for the
decrease of nitrite. Another study has reported that
antioxidant vitamins can elicit NO level and improve
endothelial functioning (28).

Contrary to our findings, Morsy at al, documented that
GM could increase NO level (20). Other studies reported
that NO does not have any important role in renal
hemodynamic. However, NO can regulate the functioning
of renal tubules (29). In this regard, Narita et al have shown
that lowering of NO can positively affect renal damage and
glomerulosclerosis (30). Additionally, there were reports
that NO has an important role in acute renal failure and
induced kidney damage by reaction with superoxide and
proxy nitrite production (31) which is inconsistent with
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Figure 2. Kidney Nitrite level, The groups received gentamicin
80 mg/kg/d (GM), GM+ vitamin E, 1 g/kg/d (G +E), GM +vitamin
C, 250 mg/kg/d (G +C) and GM + vitamins E and C (G + E +C)
for 9 days. The symbol © indicates significant difference from
G+E, G+C or G+E+C groups in the same gender (P<0.05). The
symbol 1 indicates significant difference from female rats in the
same group (P<0.05).
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the findings of our study.

Based on the other studies, deficiency of NO causes
vascular contraction and increase in blood pressure.
Probably, during its shortages, the increase of NO will
have favorable effects (24). In this regard, Baylis reported
that different paths which reduce NO level can play a
pivotal role in chronic kidney diseases. This NO decrease
has connection with its decline of production (32).
Reckelhof et al illustrated that although eNOS protein
and mRNA level in kidney are observed more in female
than male rats. However, the functional response to NO
synthase inhibition was more in male than female animals
(4). In our study, this effect may lead to a higher sensitivity
to GM which may result in higher kidney nitrite levels
in male animals. Other studies have also shown that the
expression of nNOS between two genders has significant
differences. While this induction of hypertension did not
have any effect on nNOS but stimulated eNOS expression
in male rats (33).

Conclusion

Results of this study show that the administration of
vitamin E and C, in an individual manner, can have some
more favorable effects on urea, Cr, and nitrite level in GM
nephrotoxicity than their co-administration. On the other
hand, there is a gender difference, in response to vitamin
E and C in which male gender responded more favorably
to the antioxidant vitamins.
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