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INTRODUCTION
Gentamicin is one of the Aminoglycoside antibiotics that 
are commonly used in the treatment of many serious gram-
negative bacterial infections. They are bactericidal against most 
gram-negative bacteria including Enterobacter, Klebsiella, 
Salmonellsa, Escherchia coli, Proteus, Pseudomonas, Serratia, 
and Shigella. They also have a synergistic effect against gram-
positive organisms such as Staphylococcus epidermidis.1 
The antibacterial activity of aminoglycosides results from 
inhibition of protein synthesis in the bacteria through binding 
to the 30s ribosomal subunit irreversibly.2

Gentamicin usually induced nephrotoxicity and renal 
function impairment,3,4 the specific mechanism of gentamicin 
induced nephrotoxicity may be due to the accumulation of 
gentamicin in the proximal convoluted tubules that impairs 
mitochondrial function, affects tubular transport, increases 

oxidative stress and forms free radicals that mostly results 
in kidney atrophy. These changes are usually reversible, but 
long term treatment with gentamicin can result in irreversible 
renal injury.5

Atorvastatin which is one of the drug class statins is a 
competitive inhibitor of HMG-CoA reductase enzyme; the 
rate-limiting step in cholesterol synthesis, therefore it is 
indicated for lowering blood cholesterol level and preventing 
cardiovascular disease through its anti-inflammatory effect that 
plays a role in plaque stabilization and prevention of strokes.6,7

Statins have additional effects, called ‘pleiotropic effects’ which 
involve anti-inflammatory, anti-oxidant, anti-proliferative, pro-
apoptotic and antifibrotic effects as well as improving renal 
hemodynamics so that these effects can protect the diseased 
kidney depending on the pathophysiological mechanism of 
renal damage and the stage of progression.8,9
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The aim of the study was to investigate the possible protective 
effect of atorvastatin on gentamicin-induced renal toxicity in 
the rat model.

MATERIALS AND METHODS
A total of 30 mature Wistar male rats (100–150 g) were 
included in this study. The animals were taken from the 
Animal House of the College of Medicine, University of 
Kufa and kept in polypropylene coops in the Animal House, 
College of Medicine, University of Babylon at temperature 
(25 ± 2°C). Rats were allowed to access a commercial pellet 
diet and water ad libitum freely. The Protocol of this study 
was approved by the Local Research Ethics Committee in the 
College of Pharmacy, University of Babylon, and in agreement 
with International Requirements of the Experimental Animal 
Research. The rats were left 1-week for adaptation then 
divided into three groups randomly, each group with ten rats, 
as in the following: Group 1 rats were given normal standard 
diet and considered as a control group. The baseline values 
of all measured parameters were obtained from this group. 
Group 2 rats were given gentamicin 100 mg/kg/day (Megental 
[Menarini International; Italy]), intraperitoneally for four 
weeks.10 Group 3 rats were given gentamicin in a dose of 100 
mg/kg/day intraperitoneally together with Atorvastatin 10 mg 
per kg per day orally, by gavage tube, (Atorvastatin Sandoz; 
Australia) for four weeks.11 After the 4 weeks blood samples 
were obtained from all rats to determine the experimental 
parameters which include serum level of urea, creatinine, 
cystatin C, total antioxidant status (TAS), total oxidant status 
(TOS) and tissue malondialdehyde (MDA) (considered as one 
of the lipid peroxidation end-products in the cells) in addition 
to histological study for kidney. Rats underwent laparotomy 
under chloroform anesthesia and 3 mL of blood was taken from 
the heart directly, the blood samples were left for 30 minutes in 
serum tube to stand and clot, then centrifuged at 3000 rpm for 
10 minutes, and the experimental parameters were measured 
from the resulted serum.

The two kidneys also were isolated from every rat, 
the first one was maintained in formalin 10% to study the 
histopathological changes and the second one was washed with 
ice-cold 0.9% saline to remove any RBCs or clot, then was 
stored in deep freezer at –80°C to measure tissue concentration 
of  MDA according to Tomotsu et al. method.

DETERMINATION OF SERUM PARAMETERS
Estimation of urea was performed depending on the procedure 
provided with the kit from the Biomerieux company,creatinine 
was determined depending on the procedure supplied with 
the kit from Syrbio company.13-16 Serum cystatin-C was 
estimated using Enzyme-Linked Immunosorbent Assay 
(ELISA) method.Kits that are commercially available were 
used for determination of TAS and TOS, according to Erel, 
O. methods.,17

HISTOPATHOLOGICAL STUDY
Paraffin-embedded histological sections of a kidney that 
were stained with hematoxylineosin and prepared according 

to Bancroft and Steven method. Then a light microscope 
was used to examine them and determine the changes in the 
tubules and glomeruli. The diameters of the glomeruli and 
renal tubules were measured using Ocular micrometer and 
stage micrometer.18

STATISTICAL ANALYSIS
By using Statistical Package for Social Science (SPSS 24 IBM, 
Armonk, United state America), the results were expressed as 
mean ± standard error of mean ( SEM), all the differences in 
means of the variables between control and gentamicin group, 
and Gentamicin with atorvastatin  group were analyzed by 
analysis of variance (one way ANOVA) test. A significant 
difference was set at a p-value of < 0.05. 

RESULTS
The mean ± SEM of creatinine for control, gentamicin, and 
gentamicin with atorvastatin, groups were 0.77 (± 0.03) mg/
dL, 1.27 (± 0.04) mg/dL, 0.79 (± 0.02) mg/dL, respectively. 
ANOVA showed a very high significant elevation (p < 0.001) in 
the mean of creatinine in the gentamicin group in comparison 
with control and Gentamicin with atorvastatin  groups, as 
shown in Figure 1.

The mean ± SEM of urea for the control group, gentamicin 
group, and gentamicin with atorvastatin group were 37.76 (± 
2.45) mg/dL, 72.43 (± 2.84) mg/dL, 38.91 (± 0.59) mg/dL, 
respectively. ANOVA showed very high significant elevation 
(p < 0.001) in urea mean in gentamicin group in comparison 
with (control and Gentamicin with atorvastatin groups) as 
shown in (Figure 1).

The mean ± SEM of Cyctatinc for the control group, 
gentamicin group, and Gentamicin with atorvastatin group 
were 0.86 (± 0.04) mg/L, 2.23 (± 0.13) mg/L, 0.9 (± 0.01) mg/L 
respectively. ANOVA showed very high significant elevation 
(p < 0.001) in the mean of Cyctatin c in gentamicin group in 
comparison with (control and Gentamicin with atorvastatin 
groups) as shown in (Figure 1).

Figure 1: Mean ± SEM for creatinine and cystatin c  in the control 
group, gentamicin group, and Gentamicin with atorvastatin groups.
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The mean ± SEM of MDA for control group , gentamicin 
group ,and Gentamicin with atorvastatin  group were 0.76 (± 
0.03) nmol/mg, 2.5 (± 0.1) nmol/mg, 0.88 (± 0.01) nmol/mg, 
respectively. ANOVA showed very high significant elevation 
(p < 0.001) in the mean of MDA in the gentamicin group in 
comparison with (control and Gentamicin with atorvastatin 
groups) as shown in Figure 2.

The mean ± SEM of TAS for the control group, gentamicin 
group, and gentamicin with atorvastatin group were 4.59 (± 
0.16) mmol Trolox Equiv. Per L, 2.32 (± 0.2) mmol Trolox 
Equiv. per L, 4.24 (± 0.07) mmol Trolox Equiv. Per L, 
respectively. ANOVA showed a very high significant decrease 
(p < 0.001) in the mean of TAS in the gentamicin group in 
comparison with (control and Gentamicin with atorvastatin 
groups) as shown in Figure 2.

The mean ± SEM of TOS for the control group, gentamicin 
group, and gentamicin with atorvastatin group were 10.92 
(± 0.29) µmol H2O2 Equiv./L, 17.94 (± 0.45) µmol H2O2 

Equiv./L,10.63 (± 0.17) µmol H2O2 Equiv./L, respectively. 
ANOVA showed very high significant elevation (p < 0.001) in 
the mean of TOS in the gentamicin group in comparison with 
(control and Gentamicin with atorvastatin groups) as shown 
in Figure 2.

RESULTS OF HISTOPATHOLOGICAL 
EXAMINATIONS 
Figure 3 represents the histological micrographs of kidney from 
the control group (Group I), which revealed normal histology.

Gentamycin administrations to rats result in glomerular 
dilation, mild glomerulonephritis, congestion in addition to 
necrotic cells that are seen among the tissue with brush border 
loss and dilation of the interstitial connective tissue among 
renal tubules with enlargement, abnormal morphology of renal 
tubules, with the regenerative process (Figure 4).

Treatment with atorvastatin revealed a significant degree 
of protection for the tubules and glomeruli Figure 5. 

Figure 2: Mean ± SEM for TAS, TOS, and MDA  in the control group, 
gentamicin group, and Gentamicin with atorvastatin  groups.

Figure 3: Photomicrograph showing normal section of rats’ kidney 
of group I: (G) glomeruli (tuft of blood capillary). (P) renal proximal 
convoluted tubule, (D) renal distal convoluted tubule. (H&E stain 400x)

Figure 4: Histopathological changes of Kidney in group II (rats treated 
with gentamicin at dose 100 mg per kg per day i.p. for four weeks) 
demonstrated: necrotic and degenerative changes with abnormal shape 
and hemorrhage of the glomeruli (GN). Severe damage with disruption 
of epithelial lining cells was noticed. In the proximal convoluted tubules, 
complete disrupted epithelium and varying degree of necrosis were seen 
(E). Distal convoluted tubules revealed damage with flattened epithelium 

and elongated nuclei (F) in addition to hemorrhage (H). 

Figure 5: Histopathological changes of Kidney in group III of rats treated 
with gentamicin 100 mg per kg per day intraperitoneally concomitantly 
with Atorvastatin 10 mg per kg per day for four weeks revealed less 
damage, infiltration of polymorphonuclear cells inside capillary tuft (L), 
normal arrangement of tubules and normal brush border of proximal 
convoluted tubules (P), with mild hemorrhage (H) normal epithelial lining 

of distal convoluted tubule with vacuolization of nuclei (D). 
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Regarding the effect on the diameters of glomeruli and renal 
tubules; it was found that gentamicin treatment results in 
significant raise (p < 0.05) in the diameters of glomeruli and 
renal tubules in comparison with the control group, while 
concomitant treatment with atorvastatin revealed normal 
diameters in comparison with the control group, Table 1.

DISCUSSION

Effect of Gentamicin on selected parameters
Injections of gentamicin in a dose of 100 mg per kg per 
day results in decreased renal function as characterized by 
increased serum urea and creatinine levels.

Serum urea level increased significantly, and this finding 
is consistent with that reported by A.A. Al-Dhawailie, this 
may be attributed to increasing the production of urea nitrogen 
due to protein catabolism, and insufficient excretion of urea 
nitrogen.19 Serum creatinine level increased significantly, and 
this result was consistent with a previous study performed 
by Al-Majed et al.,20 this is due to reduction in glomerular 
filtration rate.21 Tissue MDA level increased significantly, 
and this finding was consistent with that obtained by Karatas 
et al.,22 this means that gentamicin treatment-induced lipid 
peroxidation as a results of oxidative stress production which is 
mediated by superoxide anions from the mitochondrial origin  
and hydroxyl radicals from hydrogen peroxide.23

Cystatin C is a member from the cysteine protease family. 
It’s a protein produced by cells that contain a nucleus at a 
constant rate. It has a low molecular weight so that it can be 
filtered readily through the glomeruli, and then in the proximal 
tubule, it undergoes reabsorption and metabolism.24 Therefore, 
serum cystatin C level is a good indicator for evaluation of 
renal function, and its level starts to increase during renal 
disorders even when there is a moderate decline in GFR, so 
it’s considered to be a more sensitive indicator than serum 
creatinine.25,26 Therefore, the significant elevation in serum 
cystatin c level in this study can be attributed to a reduction 
in the glomerular filtration rate. 

Renal toxicity from gentamicin is usually attributed 
to the generation of reactive oxygen species.27 This study 
revealed significant elevation in TOS and decreased in TAS 
in a nephrotoxic group compared to the control group. These 
findings are in harmony with studies of Hozayen et al., who 
found that administration of gentamicin to rats increases 

hydrogen peroxide production in renal cortical mitochondria 
which results from increased production of superoxide anions. 
Both hydrogen peroxide and Superoxide anion can interact to 
form hydroxyl radical, which is reactive and unstable radical.28

Effect of atorvastatin treatment on the studied 
parameters
Serum urea and creatinine levels decreased significantly, and 
this may be attributed to increasing glomerular filtration rate 
similar to that reported by Rajiv Agarwal, MD.29 Tissue MDA 
level decreased significantly and this finding is in harmony with 
that found by V. Tandon et al, this is attributed to increasing 
nitric oxide which acts as a scavenger for superoxide free 
radical anions that is responsible for LDL oxidation,30 in 
addition statins can reduce free radical generation, and this 
can explain the significant decrease in TOS and increase in 
TAS after atorvastatin treatment.31

Serum cystatin C decreased significantly after atorvastatin 
treatment, and this result was similar to that was found by 
(Akiko et al.), and this can be due to increase in glomerular 
filtration rate.32

Histopathological examination of the kidney for the control 
group revealed normal histology, while those of gentamicin 
treated rats showed extensive damage. This may be attributed 
to the generation of the highly reactive species as a result of 
oxidative stress induced by gentamicin. On the contrary, the 
treatment with atorvastatin revealed a significant degree of 
protection for the tubules and glomeruli and this can be due to 
its antioxidant properties. These results came in consistent with 
other studies that demonstrated histological changes in kidney 
tissue of animals treated with gentamicin and the protective 
effects of various agents.33-35 

CONCLUSION
This study showed that high dose gentamicin treatment can 
cause nephrotoxicity that can be prevented by coadministration 
of atorvastatin. 
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