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Abstract 

We investigated the effects of montelukast (Mk) in acute kidney injury (AKI) experimentally induced by gentamicin (Ge). 
We used Wistar rats, distributed in 4 groups: group I (control): distilled water 0.5 mL/100 gbw p.o. 10 days; group II (Ge): 
Ge 80 mg/kgbw i.p. 7 days; group III (Ge + Mk): Ge 80 mg/kgbw i.p. 7 days and Mk 10 mg/kgbw p.o. 10 days; group IV 
(Mk): Mk 10 mg/kgbw p.o. 10 days. The following parameters: serum concentration of urea, creatinine, superoxide 
dismutase (SOD), glutathione peroxidase (GPx), total antioxidant status (TAS) and urinary proteins levels were determined 
before the experiment (I0) and after 3, 7 and 10 days, and the kidneys were anatomo-pathologically evaluated. After 7 days, 
urea and creatinine levels significantly (p < 0.001) increased, while SOD, GPx and TAS significantly (p < 0.001) decreased in Ge 
group, compared with I0 and with Ge + Mk, Mk, respectively with the control groups. Mk reduced the severity of renal lesions 
induced by Ge. The dose of 10 mg/kgbw of Mk revealed a protective renal effect on the experimental AKI induced by Ge. 
 
Rezumat 

S-au investigat efectele montelukastului (Mk) în insuficiența renală acută (IRA) indusă experimental cu gentamicină (Ge). 
S-au folosit şobolani Wistar împărţiţi în 4 grupuri: grup I (martor): apă distilată 0,5 mL/100 g corp/zi p.o. 10 zile; grup II 
(Ge): Ge 80 mg/kgc/zi i.p. 7 zile; grup III (Ge + Mk): Ge 80 mg/kgc/zi i.p. 7 zile şi Mk 10 mg/kgc/zi p.o. 10 zile; grup IV 
(Mk): Mk 10 mg/kgc/zi p.o. 10 zile. S-au urmărit concentraţiile serice de uree, creatinină, superoxid dismutaza (SOD), glutation 
peroxidaza (GPx), capacitatea totală antioxidantă (TAS) şi proteinele urinare înainte de experiment (I0) şi după 3, 7 şi 10 zile. 
Pentru evaluarea anatomopatologică s-au prelevat rinichii la 3, 7 şi 10 zile. La lotul Ge, după 7 zile, ureea şi creatinina au 
crescut semnificativ (p < 0,001), iar SOD, GPx şi TAS au scăzut semnificativ (p < 0,001) comparativ cu I0 şi loturile Ge + 
Mk, Mk, respectiv cu lotul martor. Mk a redus severitatea leziunilor morfologice renale induse de Ge. Mk în doză de 10 
mg/kgc a avut efect protector la nivel renal pe modelul experimental de IRA indus de Ge. 
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Introduction 

Acute kidney injury (AKI) represents a major 
clinical problem, affecting more than 5% of the 
hospitalized patients, with a very high mortality 
rate [2, 5, 26]. Literature data show that AKI can 
lead to long term complications, such as: 
exaggerated hypertensive response to angiotensin 
II, proteinuria, interstitial renal fibrosis [3, 16, 25]. 
For this reason the development of new therapies for 
the management of AKI remains a target of great 
interest. 
Gentamicin (Ge) is an antibiotic from the class of 
aminoglycosides, widely used for its effects on 
gram-negative bacteria. The clinical use of Ge is 
limited by nephrotoxicity, an important adverse 
effect representing 10-20% of all cases of AKI [14]. 

The toxic mechanism of gentamicin on kidney is 
mainly due to the induction of reactive oxygen 
species (ROS), which stimulate the activation of 
proapoptotic and proinflammatory mediators [13, 
15, 20]. Montelukast (Mk), a selective CysLT1 
leukotriene receptor inhibitor, is being known for 
its anti-inflammatory and antioxidant properties. 
Recent literature data show that Mk plays an 
essential role in removing free radicals, balancing 
the antioxidant status and regulating the generation 
of inflammatory mediators [22, 23, 24]. 
 
Materials and Methods 

The experiment was carried out on Wistar male rats 
(210 - 320 g weight). During the experiment the 
animals were housed in metabolic cages, at a 
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temperature of 22 - 24ºC, with free access to water 
and standard granulated food. The rats were 
distributed in 4 groups of 12 animals each, as 
following: group I (control) received distilled water 
p.o. 0.5 mL/100 gbw daily for 10 days, group II 
(Ge) received Ge 80 mg/kgbw/day i.p. daily for 7 
days, group III (Ge + Mk) received simultaneously 
Ge 80 mg/kgbw/day i.p. daily for 7 days and Mk 10 
mg/kgbw/day p.o. daily for 10 days and group IV 
(Mk) received Mk 10 mg/kgbw/day p.o. daily for 
10 days. 
Before the beginning of the experiment (I0) and at 
3, 7 and 10 days after the first dose of gentamicin, 
blood samples were collected from retro-orbital 
plexus, after the rats were anesthetized with 
halothane. Urine samples were also taken at the 
same time moments in the experiment. Using 
diagnostic kits RANDOX and Rx Daytona 
analyser, the following biochemical parameters: 
blood concentration of urea, creatinine, erythrocyte 
superoxide dismutase (SOD), glutathione peroxidase 
(GPx) and total antioxidant status (TAS) and 
urinary proteins levels were determined. 
For the histopathological evaluation, at 3, 7 and 10 
days in the experiment, 3 rats of each group were 
anesthetized and both kidneys were removed. The 
tissue samples were processed using haematoxylin-
eosin staining and were examined by optic 
microscopy using Nikon Eclipse 50i device. The 
following changes were quantified: degeneration 
and necrosis of renal tubules, interstitial 
inflammation, accumulation of calcium and 
proteins in renal tubules, regeneration. It was used a 
lesion severity scale from 1 to 4: (1) – mild damage 
(< 25%), (2) – medium damage (25 - 50%), (3) – 
moderate damage (50 - 75%), (4) – severe damage 
(> 75%). 
The obtained data was statistically analysed using 
one-way ANOVA test and t-student test. The 
values p < 0.05 were considered statistically 
significant. The study protocols were approved by 
the Ethics Committee of Research of ”Gr. T. Popa” 
University of Medicine and Pharmacy, Iasi, in 
accordance with the Law of Research no. 206/2004, 
as well with the actual legislation of the European 
Union. 
 
Results and Discussion 

The biochemical analysis revealed that the serum 
concentrations of urea and creatinine increased 
significantly 7 days after the Ge administration (p < 
0.001). At the same time, there were not registered 
any significant variations of urea and creatinine 
levels in the group treated simultaneously with Mk 
and Ge, compared to initial values (Figure 1 and 
Figure 2). 

 

 
Figure 1. 

Variation of serum urea (mg/dL) in Ge, Ge + Mk, 
Mk groups compared to control group 

*p < 0 .001 vs. I0 
 

 
Figure 2. 

Variation of serum creatinine (mg/dL) in Ge, Ge + 
Mk, Mk groups compared to control group 

*p < 0.001 vs. I0 
 
The urinary proteins levels increased significantly 
in Ge group at 3, 7 and 10 days, compared with I0. 
In Ge + Mk group, the level of urinary proteins was 
also increased vs. I0, but the elevation was 
significantly lower than in the Ge group (Figure 3). 

 

 
Figure 3. 

Variation of urinary proteins (g/L) in Ge, Ge + Mk, 
Mk groups compared to control group  

*p < 0.001 vs. I0 ; ** p < 0.001 vs. Ge at 7 days 
 

The values of SOD and GPx decreased significantly 
at 7 and 10 days in the group treated with Ge, 
compared to the initial I0 determination. During the 
experiment, there were observed no significant 
variations in the activity of antioxidant enzymes in 
Ge + Mk group (Figure 4 and Figure 5). 
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Figure 4. 

Variation of erythrocyte SOD (U/mL blood) in Ge, 
Ge + Mk, Mk groups compared to control group  

*p < 0.001 vs. I0 
 

 
Figure 5. 

Variation of GPx  (U/mL blood) in Ge, Ge + Mk, 
Mk groups compared to control group 

*p < 0.001 vs. I0; **p < 0.01 vs. I0 
 

 
Figure 6. 

Variation of plasmatic TAS (nmol/mL plasma) in 
Ge, Ge + Mk, Mk groups compared to control group  

*p < 0.001 vs. I0; **p < 0.05 vs. I0 
 

The total antioxidant status (TAS) in Ge group 
decreased significantly at 7 and 10 days compared 
to I0. There were observed no significant variations 

of TAS in Ge + Mk group, compared to I0 
determination (Figure 6). 
The histopathological evaluation revealed a normal 
kidney morphology in both Mk and control groups. 
After 7 days of treatment, it was noticed the 
degeneration and the presence of necrosis (3rd 
degree) zones, localized mostly in the proximal and 
distal renal tubules, associated with areas of 
inflammation (3rd degree), in the group treated with 
Ge (Figure 7). At the same time, in the Ge + Mk 
group, there were identified degeneration and 
necrosis areas, but with a milder degree of severity 
compared to those observed in the Ge group 
(Figure 8). Moreover, the inflammatory processes 
were found in smaller areas (1st degree), associated 
with regenerative modifications (3rd degree) in the 
proximal and distal tubules (Tabel I). 

 

 
Figure 7. 

Group Ge 7 days, col. HE, x100. Necrosis and 
degeneration (3rd degree), inflammation (3rd 

degree), hyaline casts. 
 

 
Figure 8. 

Group Ge + Mk 7 days, col. HE, x40. Necrosis and 
degeneration (2nd degree), inflammation (1st 

degree), regeneration (3rd degree).

Table I 
Quantitative analysis of histopathological changes in Ge, Ge + Mk, Mk groups compared to control group after 7 

days 
Group n tubular necrosis tubular degeneration inflammation regeneration 

0  1  2  3  4 0  1  2  3  4 0  1  2  3  4 0  1  2  3  4 
Control 6 6  0  0  0  0 6  0  0  0  0 6  0  0  0  0 6  0  0  0  0 
Ge 6 0  2  0  4  0 0  0  0  6  0 0  0  2  4  0 0  0  0  0  0 
Ge + Mk* 6 0  1  2  3  0 0  0  3  3  0 3  3  0  0  0 3  0  0  3  0 
Mk 6 6  0  0  0  0 6  0  0  0  0 6  0  0  0  0 6  0  0  0  0 

n – number of examinated sections 
(1) – mild damage (< 25%), (2) – medium damage (25 - 50%), (3) – moderate damage (50 - 75%), (4) – severe damage (> 75%) 
*p < 0.05 vs. Ge 
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The understanding of aminoglycoside nephrotoxicity 
is clinically important and the investigation based 
on the use of experimental animal models may lead 
to a better knowledge of cellular mechanisms of 
renal injury. Gentamicin-induced oxidative stress 
may induce renal vasoconstriction and the 
decreasing of glomerular filtration rate [13, 17]. In 
our study, the i.p. administration of 80 mg/kgbw 
Ge, for 7 days was associated with an increase of 
serum urea and creatinine, compared to control 
group (203 ± 33.14 mg/dL vs. 32.86 ± 4.62 mg/dL 
for urea, respectively 2.97 ± 0.66 mg/dL vs. 0.59 ± 
0.05 mg/dL for creatinine), after 7 days of treatment. 
Simultaneous oral administration of 10 mg/kgbw 
Mk for 10 days resulted in a decrease of renal 
impairment induced by Ge, evidenced by the 
reduction of serum urea and creatinine levels (34.8 ± 
6.49 mg/dL vs. 203 ± 33.14 mg/dL for urea, 
respectively 0.63 ± 0.06 mg/dL vs. 2.97 ± 0.67 mg/dL 
for creatinine) at the same time of determination. 
Similar results were reported by other authors [11, 22]. 
Mk, a selective reversible cys-leukotriene-1(CysLT1) 
receptor antagonist, possesses antioxidant properties 
[9], and it is a well-known anti-asthmatic drug, 
reducing airway eosinophilic inflammation. 
Literature data also show that the CysLT1 
antagonist has an anti-ulcer activity, being 
beneficial in various inflammatory bowel diseases 
[6, 28], as well as a protective effect in burn-
induced oxidative injury of the skin [21]. Mk has 
also partially protective activity in the experimental 
intoxication with carbon tetrachloride [7]. Some 
recent studies highlight that Mk is a potent free 
radical scavenger, balancing oxidant-antioxidant 
status and regulating the generation of inflammatory 
mediators [13, 24]. Mk treatment antagonizes the 
CysLT1 receptors and could decrease cytokine 
production and renal lesions in nephrotoxicity 
induced by Ge. 
The Ge induced nephrotoxicity was associated with 
a low activity of antioxidant enzymes [22, 27]. The 
results of the present study showed that in rats treated 
with Ge, an acceleration of lipid peroxidation and a 
reduction of antioxidant enzymes activity (with a 
decreasing of SOD, GPx and TAS levels, compared 
with initial values I0 and with control group) occur. 
It is known that Mk inhibits neutrophil infiltration 
and lipid peroxidation [19]. Our study demonstrated 
that Mk administration prevented the decrease of 
the antioxidant enzymes (SOD, GPx) activity and 
TAS in Ge + Mk group, compared to Ge group. 
After 7 days of treatment, the level of SOD in Ge + Mk 
group compared to Ge group was 265 ± 27.72 U/mL 
vs. 187 ± 29.95 U/mL, suggesting a protective role 
of Mk. The obtained data is consistent with other 
existing studies in the literature [4]. 
According to biochemical changes that sustain the 
antioxidant effect of Mk, the morphological 

evaluation revealed that Mk also was efficient in 
protecting the kidney against injury induced by Ge. 
Our data are consistent with other results on Mk 
effects in experimental acute renal failure [5, 12]. 
In Ge group there were produced important 
structural changes in the kidney, with cortical 
damage, tubular epithelium alteration, degeneration 
(3rd degree of severity), necrosis (3rd degree), 
tubular dilations and protein accumulation at the 
tubules level. Similar modifications have been 
reported in other studies that investigated the 
histopathological alterations of renal tissue in 
animals treated with Ge [8, 18]. These 
morphological disturbances may be due to the 
formation of reactive radicals, as a consequence of 
the oxidative stress induced by Ge. 
In our study the histopathological lesions observed 
in Ge + Mk group had a milder severity compared 
with those in Ge group (2nd degree for degeneration 
and necrosis, 1st degree for inflammation). Our 
obtained data are consistent with the information 
existing in other studies [12, 24]. 
 
Conclusions 

The administration of Mk 10 mg/kgbw p.o. for 10 
days manifested a protective effect against the acute 
kidney failure induced by Ge. Mk diminished renal 
function impairment, limited the lipid peroxidation 
process and improved the severity of 
histopathological lesions induced by Ge. 
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