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Implication for health policy/practice/research/medical education:
The present study investigated the effects of ezetimibe plus atorvastatin against gentamicin-induced kidney injury in an animal 
model. The findings indicated that ezetimibe plus atorvastatin therapy at different doses can ameliorate renal histopathological 
injury following gentamicin toxicity.
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Introduction
Gentamicin (GM), an aminoglycoside antibiotic, is widely 
applied for confronting gram-negative bacterial infections 
due to appropriate antibacterial influence and low cost. 
However, its clinical usage has been confined because of 
the presence of side effects such as nephrotoxicity (1). 
Functionally, GM is able to increment blood urea nitrogen 
(BUN), serum creatinine (Cr) (2) and decline glomerular 
filtration rate (GFR) (3). In addition to the content 
mentioned, GM promotes the production of superoxide 

anion, hydroxyl radical, and hydrogen peroxide during 
oxidative stress by mitochondria of renal cells. Therefore, 
to prevent the damage of oxygen free radicals and reduce 
the GM-induced nephrotoxicity, diverse antioxidants have 
been exploited (4). One group of antioxidants of interest 
is statin, which might alleviate the deleterious effects of 
GM (5). Atorvastatin (AT) is an intrahepatic cholesterol 
level lowering drug, which belongs to statins. Statins 
act via inhibiting a rate-limiting enzyme of cholesterol 
biosynthesis pathway in the liver called 3-hydroxy-3-

Introduction: Co-administration of ezetimibe (EZT) and atorvastatin (AT) has been suggested as 
a new therapeutic strategy for some kinds of kidney injury.
Objectives: This experimental study was designed to evaluate the effects of AT and EZT 
combination against gentamicin (GM)-induced kidney injury in rats.
Materials and Methods: Twenty male Wistar rats were randomly assigned into five equal groups 
and treated as follows; group 1 (control group), group 2 (GM group, daily 80 mg/kg, i.p for 7 
days), group 3 (GM 80 +AT 5+ EZT 2.5 mg/kg), group 4 (GM 80 +AT 25+ EZT 12.5 mg/kg) and 
group 5 (GM 80 +AT 75+EZT 37.5 mg/kg). Kidney sections were examined for histopathological 
parameters including vacuolization of tubular renal cells, degeneration, necrosis, tubular cell 
f lattening and debris in tubular lumen.
Results: Compared to the control group, GM significantly exacerbated histopathological 
parameters. Treatment with AT and EZT combination in different doses could significantly 
decrement levels of vacuolization, necrosis and debris in nephrotoxic rats. Nevertheless, 
degeneration level was significantly reduced reduced by only dose of  AT 75+EZT 37.5.
Conclusion: The findings of this research indicated that AT+EZT therapy at different doses can 
ameliorate renal histopathological injury following GM injection.
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methylglutaryl–coenzyme A (HMG-CoA) reductase. 
The drug enhances liver low-density lipoprotein (LDL) 
receptors expression and LDL uptake from the blood (6,7). 
Multiple studies have indicated that AT through its anti-
inflammatory and immunomodulatory characteristics 
deter the progression of kidney disorders (8,9). Statins also 
neutralize glomerular injury induced by oxidized-LDL in 
human podocytes. In animal models, AT can induce nitric 
oxide accessibility and impede renal histologic failure 
(10). Additionally, AT possesses potent potential in the 
improvement of renal function markers (BUN as well as 
serum Cr) and renal morphology, and amplification of 
antioxidant capability in renal injuries (11, 12). Another 
drug used in dyslipidemia is called ezetimibe (EZT). EZT 
is recognized as a modern cholesterol absorption inhibitor 
drug that barred the absorption of biliary and dietary 
cholesterol without influence on triglycerides or fat-soluble 
vitamins (13,14). Recently, some studies have offered 
that co-administered EZT and statins may have more 
efficiency on hyperlipidemia and renal injuries including 
chronic kidney disease (CKD) (15). For instance, AT and 
EZT combination has been indicated as an appropriate 
option for hyperlipidemia treatment compared to high 
dose statin in rats (16). Furthermore, the EZT potency 
to diminish LDL is 10–18%, while in combination with 
statins lowers LDL by 25% (17). Therefore, it seems that 
the combination of EZT and AT has different effects on 
renal injuries.

Objectives
The present study evaluated the effects of AT and EZT 
combination against GM-induced kidney injury in rats.

Materials and Methods 
Animals and study design
Twenty male Wistar rats with a mean body weight of 200-
250 g in the Medical Plants Research Center in Shahrekord 
University of Medical Sciences were used for this study. 
The animals were kept at a controlled environment 
(temperature; 21-25◦C and light cycle; 12 h dark-12 h 
light). Additionally, the rats were permitted free access to 
pelleted diet and tap water. Rats were randomly assigned 
into five equal groups and treated as follows:

Group 1, as the control group, received no drug. Group 
2 received GM, 80 mg/kg daily for 7 days. All rats in 
groups 3, 4, and 5, first received GM (80 mg/kg) and after 
a 1-hour interval, the combination of AT (at doses of 5, 25, 
and 75 mg/kg, respectively) and EZT (at doses of 2.5, 12.5, 
and 37.5 mg/kg, respectively) was injected daily for 7 days. 

Histopathological examination
At the end of the experiment, the animals’ kidneys were 
dissected out and fixed in buffered formalin for 12 
hours and processed for histopathological examinations. 
Three micrometer-thick paraffin sections were stained 
with hematoxylin and eosin (H&E). All specimens were 

examined for histopathological parameters including 
vacuolization of tubular renal cells, degeneration, necrosis, 
tubular cell flattening and debris in tubular lumen.

Ethical issues
This study was performed according to the regulations 
of the Research Ethics Committee of Iranian Ethical 
Guidelines for the use of animals in research. Additionally, 
all animal experiments were in accordance with protocols 
approved by the United States National Institutes of Health 
(NIH, 1978). This study was also approved and supported 
by Ethics Committee of NIMAD (National Institute for 
Medical Research Development; http://nimad.ac.ir,ethical 
in Iran) (Ethical code#IR.NIMAD.REC.1399.024, Grant# 
972048). 

Statistical analysis
All data were expressed as the mean ± standard error 
(SE). Differences between the groups were assessed with 
one-way ANOVA followed by post hoc Tukey’s test using 
GraphPad Prism version 4.03. P < 0.05 was assumed to be 
statistically significant.

Results
Considerable differences were found in histopathological 
parameters including vacuolization, degeneration, 
necrosis, flattening and debris between groups (P<0.001) 
(Figures 1A-E). Additionally, the results of Tukey’s post-
hoc test revealed that injection of GM significantly 
exacerbated vacuolization (P < 0.001), degeneration 
(P < 0.001), necrosis (P < 0.001), flattening (P < 0.001), 
and debris (P < 0.01) in the rats, compared to the control 
group. 

There were substantial differences in vacuolization 
(P < 0.001 and P < 0.01), flattening (P < 0.05) and 
degeneration (P < 0.05 and P<0.01) between groups 3 and 
4 compared to the control group. 

Additionally, treatment with AT and EZT combination 
in different doses (AT 5+EZT 2.5, AT 25+EZT 12.5, 
AT 75+EZT 37.5) could significantly decrement levels 
of vacuolization (P < 0.01 and P < 0.001), flattening (in 
order of dose, P < 0.05, P < 0.01 and P < 0.001), necrosis 
(P < 0.001) and debris (P < 0.05) in nephrotoxic rats. 
Nevertheless, degeneration level was significantly reduced 
by only dose of  AT 75+EZT 37.5 (P < 0.05).

Discussion
It has been illustrated that patients with CKD suffer a 
secondary type of intricate dyslipidemia, as a major cause of 
cardiovascular disease (CVD) (18). Actually, dyslipidemia 
contributes to the advancement of CKD. Epidemiological 
reports have conveyed that CKD occurrence may be 
related to elevated serum total cholesterol and decreased 
high-density lipoprotein (HDL). Therefore, the utilization 
of hypocholesterolemic drugs including EZT and 
statins can be useful in ameliorating cholesterol levels 
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and inhibiting renal dysfunction through their unique 
properties (19-21). 

In this study, we investigated the effects of AZ and EZT 
combination against renal histopathological alterations 
following GM injection in an animal model. The 
findings indicated that administration of GM induces 
histopathological alterations in the rats’ kidneys in 
agreement with other studies (22,23). In the present study, 
treatment of nephrotoxic rats with different doses of 
AT+EZT could improve the severity of renal impairment. 
Levels of vacuolization, flattening, necrosis and debris 
decreased significantly with three doses of AT+EZT 
compared to GM group, while in terms of degeneration, 
only a considerable difference was observed between 
AT 75+EZT 37.5 group and GM group. In this regard, 
numerous publications demonstrated more efficiency of 
statins with EZT in the improvement of CVD in patients 
with CKD (24, 25). For instance, it has been exhibited that 
the 10 mg of EZT+ different doses of statin has a severe effect 
on decreased LDL cholesterol levels by affecting pathways 
of cholesterol absorption and synthesis. In addition, 10 mg 
of EZT+20 mg of simvastatin diminished atherosclerotic 
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Figure 1. The effects of EZT and AT combination on histopathological 
parameters, including vacuolization (A), degeneration (B), flattening (C), 
necrosis (D) and debris (E) in GM-induced kidney injury. *P < 0.05 versus 
the control group, **P < 0.01 versus the control group,***P < 0.001 versus 
the control group, #P < 0.05 versus GM group, ##P < 0.01 versus GM 
group, ###P < 0.001 versus GM group. GM: gentamicin, AT: atorvastatin, 
EZT: ezetimibe.

incidents in patients with CKD. Co-administration of EZT 
and statins was suggested as a new therapeutic agent for 
further prevention of hypercholesterolemia and CVD (26, 
27). Recently, Singh et al with the evaluation of AT versus 
EZT on diabetic nephropathy reported that circulating 
cholesterol and renal fibrosis attenuated via both AT and 
EZT. However, the effect of AT in reducing renal injury 
was more than EZT (28). 

GM poisonous on the kidney is via several mechanisms 
consisting of stimulation of apoptosis, necrosis, increase 
in endothelin-1 (ET-1) and transforming growth factor-β 
(TGF-β), elevated monocyte/macrophages penetration 
and oxidative stress (29). Multiple studies on animals 
demonstrated beneficial effects of statins against 
nephrotoxicity following drugs such as GM via different 
mechanisms containing improvement of oxidative stress 
status, deterrence of drug accumulation in the tubular 
cells, antithrombotic and anti-inflammatory effects (30-
32). Additionally, EZT has been shown nephroprotective 
activity through its antioxidant properties (33,34). Thus, 
it seems that AT+EZT therapy is lucrative in reducing the 
severity of nephropathologic complications due to GM 
administration.

Conclusion
To sum up, the findings of this research indicated that 
the treatment with EZT plus AT at different doses can 
ameliorate renal histopathological injury following GM 
injection. However, the present study could not clearly 
show the effective doses of the drugs. Considering the 
prooxidant action of antioxidants in some situations, such 
as high doses (35), we recommend that further research 
should be undertaken to determine the effective doses and 
action mechanism of EZT and AT against GM-induced 
kidney injury.
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