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Introduction
L‑arginine as an amino acid is an important 
precursor for the formation of nitric 
oxide (NO).[1,2] NO is a soluble gas. This 
gas plays important roles in endothelial 
functions.[3] According to previous studies, NO 
function is related to gender.[4] It was reported 
that L‑arginine has some protective roles 
against gentamicin (GM) nephrotoxicity;[5] 
however, the role of gender is not clear. Some 
reports indicate that chronic renal diseases 
have lower prevalence in female.[6‑8] On 
the other hand, they have a lower risk for 
renal end‑stage diseases.[6‑8] NO is a potent 
vasodilator factor in kidney and female 
sex hormones increase NO production.[9‑11] 
GM is an aminoglycoside antibiotic.[12,13] It 
is an effective drug against Gram‑negative 
infections.[13‑15] Its clinical application is 
limited because of renal nephrotoxicity in 
about 15%–30% of patients.[16,17] The exact 
impact of gender on GM nephrotoxicity is not 
well known. There are reports that male rats 
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Abstract
Background: L‑arginine is an important precursor for the formation of nitric oxide (NO). According 
to previous studies, NO function is related to gender. Likewise, chronic renal diseases have lower 
prevalence in female. Gentamicin (GM) is an aminoglycoside antibiotic. According to some studies, 
males are more sensitive to GM renal nephrotoxicity. This study attempts to find protective effects 
of L‑arginine on GM nephrotoxicity in male and female rats. Methods: Male and female rats were 
divided into eight groups: Rats were randomly assigned to 8 groups each including both male and 
female rats. The first and second groups received vehicle (saline), the third  and fourth groups 
received gentamicin (80 mg/kg), the fifth and sixth  groups received L‑arginine (150 mg/kg), and 
finally, seventh and eighth groups received gentamicin+ L‑ arginine. Next, 9 days after administering 
drugs, blood samples were collected from the heart. After making sacrifices, the level of blood urea, 
creatinine (Cr), nitrite, and malondialdehyde (MDA) was measured in serums. Likewise, nitrite 
and MDA were measured in the homogenized kidney tissue. Results: GM significantly increased 
serum level of urea and Cr in male and female rats (P < 0.05). However, co‑administration of 
GM + L‑arginine significantly did not decrease urea and Cr level in male rats, whereas, in female 
rats, they significantly reduced (P < 0.05). In response to GM, renal MDA level increased in male 
and female rats (P < 0.05), and in the presence of GM + L‑arginine, the level of MDA significantly 
decreased in both genders (P < 0.05). Conclusions: L‑arginine demonstrated some protective effects 
in female rats but did not protect against GM nephrotoxicity in male rats for unknown reasons, 
probably related to the effects of sex hormones which needs further studies to be confirmed.
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are more sensitive to GM nephrotoxicity.[18,19] 
Human studies indicate that the prevalence of 
GM nephrotoxicity in men is more than that 
of women.[19] Moreover, NO has some pivotal 
roles in endothelial functions, and L‑arginine 
as an endogenous donor has also important 
roles in endothelial function.[20,21] Based on 
these facts, the aim of this study was finding 
protective effects of L‑arginine on GM 
nephrotoxicity in male and female rats.

Methods
Animals

Sixty adult female rats (weight: 
162.0 ± 4.1 g) and male rats (weight: 
184.4 ± 7.2 g) were the subjects of this 
study. In this research, the Wistar rats were 
used from the Animal Centre of Zahedan 
University of Medical Sciences. The rats 
were housed at a temperature of 23°C–25°C. 
The rats had free access to water and rat 
chow. The rats were acclimatized to this diet 
for at least 1 week before the experiment. 
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The experimental procedure was approved in advance by 
the Zahedan University Medical Sciences Ethics Committee.

In accordance with the experimental protocol, the rats were 
randomly assigned to eight groups each including both 
male and female rats. The first and second groups received 
vehicle (saline) (n = 9). Similarly, the third and the fourth 
groups (n = 6–8) received a regular dose of gentamicin 
(GM) (80 mg/kg) for 9 days.[22] The fifth and the sixth 
groups (n = 7) received a continuous dose of L‑arginine 
(150 mg/kg, ip)[23] for 9 days. The seventh and the eighth 
groups (n = 6–8) received a dose of GM (80 mg/kg) + 
L‑arginine (150 mg/kg, ip) constantly for 9 days.

All animals were sacrificed 9 days after GM administration, 
and blood samples were taken from each animal. The levels 
of blood urea, creatinine (Cr), malondialdehyde (MDA), 
and nitrite were measured. During the study, the weights 
of rats were recorded daily. At the end of the experiment, 
their left kidneys were subjected to histopathological 
investigations, and their right kidneys were homogenized 
and centrifuged to determine the supernatant MDA and 
nitrite levels. GM was obtained from Caspian Company in 
Iran, and L‑arginine was bought from Fluka‑Garatie.

Measurements

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

MDA levels of serum and the supernatant from the 
homogenized tissue were quantified according to the 
manual methodology. Briefly, 500 µL of the sample was 
mixed with 1000 µL 10% trichloroacetic acid. The mixture 
was vigorously shaken and centrifuged at 2000 g for 
10 min; 500 µL of the supernatant was added to 500 µL 
0.67% thiobarbituric acid. The solution was then incubated 
in hot water bath at the temperature of 100°C for 10 min. 
After cooling, the absorbance was measured at 532 nm. 
The concentration of MDA was reported as µmol/L for the 
serum and as nanomol/100g of tissue for kidney.[22]

The removed kidney was fixed in 10% formalin solution, 
embedded in paraffin for histopathological staining. The 
hematoxylin and eosin stains were applied to examine the 
tubular damage. The presence of acute tubular injuries 
such as tubular dilation and simplification, tubular cells 
swelling, necrosis, tubular casts, and intraluminal cell 
debris with inflammatory cells infiltration were considered. 
As mentioned above, based on the intensity of tubular 
lesions, they were scored from 0 to 4, while the score of 
zero was assigned to the normal tissue without damage.[22] 
The assessment was conducted by two pathologists blindly. 
The pathologic changes of the kidneys were recorded using 
a grading scale of 0–4 which was based on subjective 
impression of the extent of cortical changes as follows:

•	 0 = indistinguishable from control
•	 1 = minimal, ≤25% cortex affected
•	 2 = Mild > 25% and ≤ 50% cortex affected
•	 3 = Moderate > 50% and ≤ 75% cortex affected
•	 4 = Sever ≥ 75% cortex affected.

This grading scale is adapted from Goering and coworkers[24] 
with minor modification

Statistical analysis

Data are expressed as mean ± SEM. The levels of urea, 
Cr, MDA, and SOD 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. The groups 
were compared by the Kruskal‑Wallis or Mann‑Whitney U 
tests with regard to the KTDS. P values less than 0.05 were 
considered statistically significant using SPSS version 16 
(Chicago, IL, USA) for the data.

Results
The results will be discussed under three subsections including 
(1) the effects of GM on kidney weight, (2) the effects of GM 
on serum urea, Cr, nitrite, and MDA level and KTDS, and 
(3) the effects of GM on kidney nitrite and MDA level.

Effect of gentamicin on kidney weight

In both genders, the use of GM significantly increased 
kidney weight (P< 0.05), but co‑administration of L‑arginine 
did not have any effects on kidney weight [Figure 1].

Effect of gentamicin on serum urea, creatinine, nitrite, and 
malondialdehyde level and kidney tissue damage score

The present study showed that the administration of 
GM significantly increased serum level of urea and Cr 
in male and female rats similarly (P < 0.05). However, 
co‑administration of GM and L‑arginine in male gender, 

Figure 1: Kidney weight per 100 gram of body weight (KW/100 (g) BW). The 
groups received, Vehicle, Gentamicin 80 mg/kg(GM), L‑arginine 150 mg/kg 
(LA) and L‑arginine +Gentamicin (L+GM) for 9 days; *Indicate significant 
difference from vehicle group in the same gender (P < 0.05)
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contrary to the expectation, did not decrease urea nor Cr 
level. Similarly, this co‑administration increased urea and 
Cr levels significantly in comparison with GM group 
in male rats (P < 0.05). On the other hand, L‑arginine 
attenuates urea and Cr level in female rats when compared 
with GM group at the significant level (P < 0.05). 
These findings are compatible with the renal pathologic 
examination [Figures 2‑4]. In female rats, L‑arginine has a 
stronger effect in reducing urea and Cr levels.

Administration of GM significantly increased nitrite serum 
level in male rat and co‑ treatment with L‑arginine did 
not have any effect on serum nitrite level. Evaluation of 
MDA level showed no meaningful differences between 
the groups in both sexes [Table 1]. The administration 

of GM induced renal damage in male and female rats 
although intensity of the damage was lower in male rats 
than female ones. The simultaneous presence of L‑arginine 
with GM, unexpectedly and significantly, increased kidney 
damage (P < 0.05). However, the intensity of the damage 
was lower in female rats although the level of kidney 
damage was not significant in comparison with GM 
group [Figure 3].

Effect of gentamicin on kidney nitrite and malondialdehyde 
level

GM significantly decreased nitrite level in male and 
female rats compared to vehicle group (P < 0.05). On 
the other hand, co‑administration of L‑arginine does not 
have any significant effect on  kidney nitrite level in both 
gender [Figure 5a].

According to the result of this study, treatment with 
GM significantly increased MDA level in both genders 
(P < 0.05) and co‑treatment with L‑arginine significantly 
decreased significantly, in both sexes [Figure 5b].

Discussion
Here, the most noteworthy findings of the study are 
presented in the order of importance. The most vital 
finding was the gender‑related difference in the protective 
role of L‑arginine in GM‑induced nephrotoxicity. The 
administration of GM increased serum level of urea and 
Cr in male and female rats, but treatment with L‑arginine 
only in female rats showed attenuation of the effect of 
GM. In this study, after the administration of GM, serum 
level of nitrite increased in both genders, whereas the 
kidney level reduced. Concurrently, L‑arginine with GM 
had no effect on serum level of nitrite. On the contrary, 
kidney level of nitrite significantly decreased in female 
rats. Treatment with GM significantly increased MDA 
level in both genders, and the co‑administration of GM 
and L‑arginine could significantly decrease MDA level in 
both sexes.

Table 1: The nitrite and malondialdehyde serum level in 
each group

Group Nitrite (µmol/L)±SEM MDA (µmol/L)±SEM
Male Female Male Female

Vehicle 0.12±0.019 0.19±0.031 7.87±0.619 10.99±0.759
GM 0.26±0.043* 0.27±0.039 8.83±0.687 10.61±0.895
LA 0.15±0.023 0.15±0.018 9.01±1.027 11.67±0.679
L + GM 0.11±0.008 0.17±0.011 7.48±0.581 11.76±1.052
*Significant difference from the vehicle group. GM=Gentamicin, 
LA=L‑arginine, L+GM= L‑arginine + Gentamicin, 
MDA=Malondialdehyde, SEM=Standard error of mean

Figure 3: Kidney tissue damage score (KTDS), The groups received, 
Gentamicin 80 mg/kg(GM) and L‑arginine +Gentamicin (L+GM) for 9 days; 
& indicate significant difference  from GM group in the same gender (P < 0.05)

Figure 2: Blood urea (a) and Cr(b). The groups received, Vehicle, Gentamicin 
80 mg/kg(GM), L‑arginine 150 mg/kg (LA) and L‑arginine +Gentamicin 
(L+GM) for 9 days. The symbols indicate significant difference;* from 
vehicle group, $ from GM group in the same gender (P<0.05). The symbol 
† indicates significant difference from male rats in the same group (P<0.05)
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In fact, the role of NO in renal function is controversial. 
In this regard, our findings are compatible with  Christo 
et al.’s report who found that after 10 days of GM 
administration, serum Cr and urea level increased. In the 
same way, nitrite serum level increased and its urinary 
level reduced.[25] However, in contrast with our findings, 
two studies showed that the protective properties of 
L‑arginine have been observed in male albino rats in 
GM‑induced renal failure.[5,26] Similarly,   Schneider 
et al. showed that the administration of L‑arginine 
improved the expression of NO and recovery phase 
ischemic acute renal failure in males gender. [27] Another 
study discovered that, in the presence of GM, nitrite 
production increases, and co‑incubation mesangial cells 
with L‑NAME decreases its level.[28] Other studies have 
demonstrated that NO and its metabolite, for example, 
peroxynitrite, probably has a substantial role in kidney 
damage in vitro[29,30] and in vivo.[31,32]

Our findings in female gender are approved by other studies 
which show that either L‑arginine or exogenous NO donors 
attenuate ischemia‑induced tubular injury in vivo.[33,34]

On the other hand, there are conflicting results about the 
effects of gender on GM‑induced nephrotoxicity. Some 
studies on animals and human beings have reported 
controversial results about the effects of gender on GM 
nephrotoxicity. For example, male Fisher 344 rats are 
more sensitive to GM nephrotoxicity than female rats.[35] 
In contrast, among isolated perfused rats, kidney of the 

Fisher 344 strain, no significant difference was found 
between male and female rats.[36] Interestingly, gender 
differences of GM or tobramycin nephrotoxicity were not 
observed in Sprague‑Dawley (SD) rats.[35,37] However, Ali 
et al. reported that there were partial sex‑related differences 
in SD rats in response to GM and the administration of 
testosterone and estradiol did not significantly alter the 
nephrotoxicity.[38] In human studies, it was reported that 
induced GM nephrotoxicity is observed more among 
females than males.[19] Other studies have demonstrated that 
men are more susceptible to the morphologic and functional 
effects of GM nephrotoxicity than women.[18] Investigations 
performed by Sweileh have shown that gender differences 
did not exist with GM but amikacin‑induced nephrotoxicity 
which is, in its own turn, a sex‑related phenomenon.[39]

The main mechanism influencing gender differences is 
not clearly known yet. However, the differences in sex 
hormones and pharmacokinetics are involved. On the other 
hand, there are reports that testosterone is not involved 
in GM nephrotoxicity but estrogen exacerbates.[40] Sex 
hormones may be engaged in this dissimilarity caused by 
differences of NO synthase expression or the role of NO on 
the renal system.[41,42] The production of NO and activity of 
NO synthase enzyme are increased by estradiol.[43] In turn, 
estradiol enhances the release of NO among females more 
than males.[44,45]  Reckelhoff et al. found that although levels 

Figure 4: The pathology images (magnification: 100X) of kidney tissue in  
experimental groups. a‑d ,male and e‑h,female rats, the groups  received 
Vehicle, Gentamicin 80 mg/kg, L‑arginine  (150mg/kg) and L‑arginine+ 
gentamicin for 9 days, respectively
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Figure 5: Kidney level of nitrite(a) and MDA(b). The groups received, 
Vehicle, Gentamicin 80 mg/kg(GM), L‑arginine 150 mg/kg (LA) and L‑arginine 
+Gentamicin (L+GM) for 9 days;. The symbols indicate significant difference; 
* from vehicle group, $ from GM group in the same gender (P<0.05). 
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of endothelial nitric oxide synthase messenger RNA and 
protein are higher in females than in males. On the other 
hand, in males, the renal vasculature is more responsive to 
NO synthase inhibition. Therefore, they suggest that renal 
vascular is probably more dependent on NO in male than 
in female rats.[46] In this study, after the administration of 
GM, the higher injuries in male rats may be related to 
more vascular responses in these animals.

In addition, it was suggested that extrarenal factors are 
involved in GM nephrotoxicity.[36] Hepatic metabolism may 
have a role in aminoglycosides nephrotoxicity and gender 
differences in this metabolism.[47] These findings suggest 
that renal membrane‑binding affinity drugs, for example, 
GM, are closely linked to the nephrotoxic potential. 
In this way, several correlations have been mentioned 
between renal brush border membrane‑binding affinity 
of aminoglycoside and aminoglycoside nephrotoxicity, 
including the greater binding affinity in male versus 
female rats.[48] Therefore, the results support other findings 
in the literature who have previously reported the higher 
susceptibility of nephrotoxicity in males. In sum, further 
investigations are recommended to study more detailed 
impacts of gender on GM‑induced nephrotoxicity.

Conclusions
The results of this study confirmed that L‑arginine has 
some protective effects on GM‑induced nephrotoxicity in 
female rats. This phenomenon may probably be interrelated 
to the effects of sex hormones. However, its mechanisms 
need to be further investigated to achieve more accurate 
findings.
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