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Cisplatin use as a chemotherapeutic agent is restricted due to its nephrotoxicity. The current study investigates the 
possible mechanisms responsible for the nephro-protective effects of simvastatin (SIM) and rosuvastatin (RST) in 
cisplatin-induced nephrotoxicity in rats. Acute nephrotoxicity was induced in rats by single injection of cisplatin 
on the 10th day of the treatment period. Two groups received SIM and RST daily respectively, for 10 days prior to 
cisplatin injection. 5 days post cisplatin injection, blood samples were taken, rats were scarified and renal tissues 
were isolated for biochemical, immunohistochemical and histopathological assessments. Results of the study revealed 
that cisplatin-injected rats showed a reduction in the relative kidney weight with an elevation in the serum kidney 
function and renal inflammatory mediators viz. myeloperoxidase (MPO), tumor necrosis factor-alpha (TNF-α), 
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) and interlukin-1β (IL-1β). Kidneys isolated 
from rats injected with cisplatin showed overexpression of apoptotic markers and a decrease in the expression of 
the anti-apototic markers. SIM and RST significantly improved relative kidney weight, serum kidney function and 
restored renal tissue concentrations of inflammatory mediators. Decreased renal expression of caspases-3, Bax with 
increased Bcl-2 expression and improved histopathological pictures of treatment groups were observed. Our results 
suggest that SIM and RST have nephroprotective properties against cisplatin-induced nephrotoxicity due to their anti-
inflammatory and anti-apoptotic effects.
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INTRODUCTION
Cisplatin (cis-diamminedichloroplatinum II) was 

accidentally discovered over four decades ago, and since then it 
has widely been used for chemotherapy (Arany and Safirstein, 
2003; Wang and Lippard, 2005). Cisplatin is an essential 
antineoplastic agent mainly effective for the treatment of ovarian 
and testicular cancers (Livingston, 1989; Kuhlmann et al., 1997; 
Arany and Safirstein, 2003; Saleh and El-Demerdash, 2005), and 
many other types of cancer (Cohen and Lippard, 2001; Siddik, 
2003). Two main factors generally limit cisplatin use and efficacy: 
acquired resistance to cisplatin and severe adverse effects in 
normal tissues; the latter being the major limiting factor (Wang and 
Lippard, 2005). These adverse include nephrotoxicity, ototoxicity, 

neurotoxicity, bone marrow suppression, anaphylaxis, nausea and 
vomiting (Pabla and Dong, 2008). Dose-dependent cumulative 
nephrotoxicity is considered the main toxicity of cisplatin, where 
about one-third of the patients develop nephrotoxicity after 
cisplatin single dose (50–100 mg/m2) (Shiraishi et al., 2000). 
This may be attributed to cisplatin’s low molecular weight and 
uncharged character which allows free unbound cisplatin in the 
plasma to be filtered by the glomerulus, which further leads to 
trapping of cisplatin in the renal cortex (Launay-Vacher et al., 
2008). 

Cisplatin also accumulates in proximal tubules where 
cisplatin concentration being about five times higher than the 
serum concentration leading to nephrotoxicity (Kodama et al., 
2014). This nephrotoxicity may be severe that it sometimes 
requires dose reduction or even discontinuation of treatment 
(Ramesh and Reeves, 2002). Dose-limiting toxicities of cisplatin 
have impelled the development of the non-nephrotoxic derivative 
carboplatin and other platinum-based preparations. However, 
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cisplatin is the most commonly used chemotherapy drug and 
the drug of choice in many platinum-based therapy regimens 
(Hanigan and Devarajan, 2003). Therefore, it is essential to 
improve knowledge about the pathogenesis of cisplatin-induced 
nephrotoxicity in order to increase patient survival. The major 
pathophysiological mechanisms by which cisplatin induces 
nephrotoxicity, include renal vascular injury, proximal tubular 
injury, inflammation, and oxidative stress. Therefore, cisplatin-
induced nephrotoxicity is considered an ideal model for studying 
the early pathophysiological features of acute nephrotoxicity 
(Safirstein et al., 1986; Ozkok and Edelstein, 2014).

Several studies tested the effect of various substances 
to counteract the cisplatin-induced nephrotoxicity. Statins are 
extensively used clinically for lowering elevated serum cholesterol 
levels through inhibition of 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG CoA) reductase; the catalyzing enzyme in 
the rate-limiting step in cholesterol synthesis (Maheshwari et al., 
2013). Many studies suggested that some of the clinical benefits 
of statins are far beyond their cholesterol-lowering activities 
(Munford, 2001; Takemoto and Liao, 2001; Shishehbor et al., 
2003). Statins were shown to exert the so-called pleiotropic 
effects, which include beneficial effects on oxidative damage, 
immune system, thrombosis, inflammation, and vascular & renal 
functions (Davignon, 2004; Mason et al., 2004; Ray and Cannon, 
2005). Statins’ antioxidant effects have been thoroughly tested in 
many studies (Iseri et al., 2007; Dashti-Khavidaki et al., 2013; 
Akalin Ciftci et al., 2015). However, the exact mechanisms 
beyond the anti-apoptotic and anti-inflammatory effects of statins 
in the prevention of cisplatin-induced nephrotoxicity have not 
been well elucidated. 

Therefore, the current study aims at scouting whether 
some statins namely, simvastatin (SIM) and rosuvastatin (RST) 
may exert significant protective effects against cisplatin-induced 
nephrotoxicity in rats with further emphasis on their potential anti-
apoptotic and anti-inflammatory properties. 

MATERIALS AND METHODS

Animals
Adult male albino Wistar rats (average weight: 180-200 

g) were used in the current study. Standard food pellets and tap 
water were provided ad libitum. Animals and food pellets were 
purchased from the animal house colony of the National Research 
Centre, Egypt. Ethical considerations in handling laboratory 
animals stated by the ethics committee of National Research 
Centre were followed throughout the study period.

Preparation of drugs
Cisplatin vials (Cisplatin®, Bristol Mayers Co., USA) 

were used in the current study. Simvastatin (Zocor®, MSD, USA) 
and rosuvastatin (Crestor®, AstraZeneca, USA) were orally 
administered in the current study.

All other chemicals were of the highest commercial 
grade available.

Experimental design
Forty rats were weighed and randomly allocated into four 

groups (10 rats each). Rats of the group one received i.p. injections 

of saline and served as a normal group. Acute nephrotoxicity was 
induced in rats in the other three groups using cisplatin in a single 
nephrotoxic dose of 7 mg/kg on the 10th day of treatment of the 
treatment period according to the method described previously 
(Jones et al., 1991; Saleh and El-Demerdash, 2005). Group two 
received only saline for 10 days and served as cisplatin control 
group. Groups three and four received simvastatin (SIM; 10 mg/
kg, p.o.) and rosuvastatin (RST; 10 mg/kg, p.o.) on daily basis 
for 10 days, respectively. All animals were weighed and sacrificed 
5 days post-Cisplatin administration; blood samples were taken, 
renal tissues were isolated and weighed. The sera and kidneys 
were obtained for the biochemical, immunohistochemical and 
histopathological investigations.

Scarification of animals was carried out by cervical 
dislocation under light ether anesthesia. The two kidneys from 
each rat were instantly extracted and rinsed with PBS (phosphate 
buffer saline) to remove any remaining blood. Whole kidney 
weight was determined. Homogenization of kidney tissue was 
performed using MPW-120 homogenizer (Med instruments, 
Poland) in PBS. The obtained 20% homogenates were stored for 
24 hours at –20°C and then they were centrifuged for 5 minutes at 
5000 x g using a cooling centrifuge (Sigma and laborzentrifugen, 
2k15, Germany). The supernatant was then obtained immediately.

Biochemical analysis
Sera were used for determination of serum creatinine, 

urea, and uric acid levels, using commercially available diagnostic 
kits (Biodiagnostic, Egypt).

Tissue homogenates were assayed for myeloperoxidase 
(MPO) (hycult Biotech, Netherlands), Tumor necrosis factor-
alpha (TNF-α) (RayBiotech, USA), nuclear factor-kappa B (NF-
kB), and interleukin-1β (IL-1β) (R&D Systems, USA) according 
to the supplied manufacturer’s instructions. 

Immunohistochemical examination
Immunostaining of anti-caspase-3 antibodies was 

done by streptoavidin–biotin. Four-micrometer-thick sections 
were deparaffinized and incubated with freshly prepared 0.3% 
hydrogen peroxide in methanol. The sections were then incubated 
with anti-caspase-3 antibody as the primer antibody at a 1:100 
dilution, followed by counterstaining with hematoxylin and eosin 
(H&E). Light microscopy examination was performed thereafter. 
Negative controls were prepared by replacing normal rat serum 
for each primary antibody (Salama et al., 2016). 

One-mm-thick semi-thin sections were deparaffinized 
and incubated with freshly prepared 0.3% hydrogen peroxide 
in methanol. Sections were incubated with either anti-Bcl-2 
antibodies (1:200) or anti-Bax antibodies (5 mg/ml) for the 
localization of Bcl-2 and Bax, respectively. Thereafter, the 
sections were counterstained with H&E and examined with a light 
microscope (Song et al., 2012). 

Histopathological examination
Kidney tissues obtained from all groups were fixed in 

10% formalin followed by washing, dehydration, and fixation 
in paraffin. Five-mm-thick sections were stained with H&E 
and examined using a light microscope (Carleton et al., 1967). 
Random high microscopic fields were examined for evaluation 
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of the histopathological lesions using binocular Olympus CX31 
microscope (Bancroft et al., 1996).

Statistical analysis
All the values are presented as means ± standard error 

of the means (SE). One way analysis of variance (ANOVA) was 
used to compare between different groups, followed by Tukey’s 
multiple comparison post hoc test. p ˂ 0.05 was considered the 
cutoff value of significance. GraphPad prism® software was used 
to perform these statistical tests.

RESULTS

Effects of SIM and RST on relative kidney weight
Initial and final body weights of rats of different 

groups were recorded and all groups showed a non-statistically 
significant change in their initial and final body weights. 
Cisplatin administration (7 mg/kg, i.p) caused a significant 
decrease in kidney weight to 74% when compared to normal 
group. Simvastatin (10 mg/kg/day; p.o.) administration caused 
a significant increase in kidney weight to 129% while RST (10 
mg/kg/day; p.o.) administration caused a non-significant increase 
in kidney weight to 125% when compared to cisplatin control 
group. Moreover, Cisplatin administration (7 mg/kg, i.p) caused 
a significant decrease in kidney weight/final body weight ratio% 
when compared to normal group. SIM (10 mg/kg/day; p.o.) and 
RST (10 mg/kg/day; p.o.) administration significantly increased 
and almost normalized kidney weight/final body weight ratio% as 
compared to cisplatin control group (Table 1).

Table 1: Effects of SIM and RST on the change in body weight, kidney weight 
and relative kidney weight in cisplatin-induced acute nephrotoxicity in rats.

Groups Percent change in body 
weight (%)

Kidney weight 
(g)

Relative kidney 
weight (g/100 
body weight)

Normal 94% ± 0.03 1.17 ± 0.04 0.99b ± 0.01

Cisplatin control 
(7 mg/kg, i.p)

94% ± 0.02 0.87a ± 0.05 0.64a ± 0.02

Cisplatin + SIM
(10 mg/kg, p.o.)

93% ± 0.04 1.12b ± 0.03 0.96b ± 0.04

Cisplatin + RST
(10 mg/kg, p.o.)

85% ± 0.03 1.09 ± 0.12 0.94b ± 0.02

Rats of the normal group received i.p. injections of saline. Group 2 received 
only saline p.o. for 15 days and served as cisplatin control group. Groups 3 and 
4 received simvastatin (SIM; 10 mg/kg, p.o.) and rosuvastatin (RST; 10 mg/
kg, p.o.) respectively for 15 days. Acute nephrotoxicity was induced in groups 
2, 3 and 4 by a single injection of cisplatin (7 mg/kg, i.p) on the 10th day of 
treatment. All animals were sacrificed 5 days after Cisplatin injection. Initial 
and final body weights, as well as kidney weight, were recorded. 
Data is presented as mean ± SE (n = 10).
aSignificantly different from Normal group at p < 0.05 (Tukey’s post hoc test).
bSignificantly different from Cisplatin control group at p < 0.05 (Tukey’s post 
hoc test).

Biochemical parameters

Effects of SIM and RST on serum kidney functions
Cisplatin administration (7 mg/kg, i.p) resulted in a 

significant elevation in serum concentration of creatinine, urea, and 

uric acid to 150%, 179%, and 174% respectively when compared 
to normal group. SIM (10 mg/kg/day; p.o.) administration showed 
decrease in serum concentration of creatinine, urea, and uric acid 
to 141%, 87%, and 97% respectively and this effect was similar 
to control group, while RST (10 mg/kg/day; p.o.) administration 
resulted in significant decrease in serum concentration of 
creatinine, urea, and uric acid to 57%, 68%, and 73% respectively 
as compared to cisplatin control group (Table 2).

Table 2: Effects of SIM and RST on serum kidney functions in cisplatin-induced 
acute nephrotoxicity in rats.

Groups Creatinine
(mg/dL)

Urea
(mg/dL)

Uric acid
(mg/dL)

Normal 21.81 ± 1.65 42.81 ± 5.12 0.98 ± 0.11

Cisplatin control 
(7 mg/kg, i.p)

32.62a ± 1.32 76.63a ± 3.61 1.71a ± 0.14

Cisplatin + SIM
(10 mg/kg, p.o.)

26.06 ± 1.92 66.50a ± 1.33 1.66a ± 0.14

Cisplatin + RST
(10 mg/kg, p.o.)

18.47b ± 2.04 52.45b,c ± 2.96 1.24b ± 0.08

Rats of the normal group received i.p. injections of saline. Group 2 received 
only saline p.o. for 15 days and served as cisplatin control group. Groups 3 and 
4 received simvastatin (SIM; 10 mg/kg, p.o.) and rosuvastatin (RST; 10 mg/
kg, p.o.) respectively for 15 days. Acute nephrotoxicity was induced in groups 
2, 3 and 4 by a single injection of cisplatin (7 mg/kg, i.p) on the 10th day of 
treatment. All animals were sacrificed 5 days after Cisplatin injection. Blood 
samples were collected and sera were separated.
Data is presented as mean ± SE (n = 10).
aSignificantly different from Normal group at p < 0.05 (Tukey’s post hoc test).
bSignificantly different from Cisplatin control group at p < 0.05 (Tukey’s post 
hoc test).
cSignificantly different from Cisplatin + SIM group at p < 0.05 (Tukey’s post 
hoc test).

Effects of SIM and RST on renal inflammatory markers and 
cytokines

Cisplatin administration (7 mg/kg, i.p) resulted in a 
significant abrupt elevation in tissue concentration of MPO, 
TNF-α, NF-kB, and IL-1β to 472%, 695%, 546% and 617% 
respectively when compared to normal group. SIM (10 mg/
kg/day; p.o.) administration resulted in significant decline in 
tissue concentration of MPO, TNF-α, NF-kB and IL-1β to 37%, 
33%, 39% and 34% respectively. Moreover, RST (10 mg/kg/
day; p.o.) administration resulted in significant decline in tissue 
concentration of MPO, TNF-α, NF-kB, and IL-1β to 54%, 42%, 
51% and 58% respectively as compared to cisplatin control group. 
The effect of RST was significantly better than that of SIM in all 
the aforementioned tissue parameters (Table 3).

Immunohistochemical determination of Caspase-3, Bcl-2, 
and Bax in kidney tissue

Immunohistochemical determination of caspase-3 
showed negative immunostaining in normal rats and mild 
immunostaining in of the tubular lining epithelium in cortex 
and medulla of cisplatin control group. Administration of either 
simvastatin or rosuvastatin resulted in negative caspase-3 
immunostaining of the tubular lining epithelium in cortex and 
medulla (Figure 1).

Immunohistochemical determination of Bcl-2 showed 
mild immunostaining in normal and cisplatin control groups. 
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Administration of either simvastatin or rosuvastatin resulted in 
severe Bcl-2 immunostaining of the tubular lining epithelium in 
cortex and medulla; signifying resolving of apoptosis (Figure 2).

Table 3: Effects of SIM and RST on renal inflammatory markers and cytokines 
in cisplatin-induced acute nephrotoxicity in rats.

Groups MPO
(U/g)

TNF-α
(pg/g tissue)

NF-kB
(ng/g tissue)

IL-1β
(Pg/g tissue)

Normal 1.10 ± 0.01 4.25 ± 0.25 0.69 ± 0.06 5.30 ± 0.27

Cisplatin control 
(7 mg/kg, i.p)

5.21a ± 0.26 29.53a ± 1.39 3.76a ± 0.06 32.73a ± 2.14

Cisplatin + SIM
(10 mg/kg, p.o.)

1.90a,b  ± 0.07 9.85a,b ± 0.30 1.46a,b ± 0.03 11.13a,b ± 0.44

Cisplatin + RST
(10 mg/kg, p.o.)

2.79a,b,c ± 0.08 12.38a,b,c ± 0.69 1.92a,b,c ± 0.48 19.13a,b,c ± 0.48

Rats of the normal group received s.c. injections of saline. Group 2 received 
only saline p.o. for 15 days and served as cisplatin control group. Groups 3 
and 4 received simvastatin (SIM; 10 mg/kg, p.o.) and rosuvastatin (RST; 
10 mg/kg, p.o.) respectively for 15 days. Acute nephrotoxicity was induced 
in groups 2, 3 and 4 by a single injection of cisplatin (7 mg/kg, i.p.) on the 
10th day of treatment. All animals were sacrificed 5 days after Cisplatin 
injection. The kidneys were removed, homogenized and the homogenate 
was obtained. 
Data is presented as mean ± SE (n = 10).
aSignificantly different from Normal group at p < 0.05 (Tukey’s post hoc 
test).
bSignificantly different from Cisplatin control group at p < 0.05 (Tukey’s post 
hoc test).
cSignificantly different from Cisplatin + SIM group at p < 0.05 (Tukey’s post 
hoc test).

Fig. 1: A. Photomicrograph of kidney sections prepared from a normal rat 
showing negative caspase-3 immunostaining of the tubular lining epithelium 
in cortex and medulla (Caspase-3 immunohistochemistry, H&E X 80). B. 
Photomicrograph of kidney sections prepared from a cisplatin control rat 
showing mild caspase-3 immunostaining of the tubular lining epithelium in 
cortex and medulla (Caspase-3 immunohistochemistry, H&E X 80). C. 
Photomicrograph of kidney sections prepared from a rat treated with SIM 
(10 mg/kg, p.o.) for 15 days and cisplatin (7 mg/kg, i.p.) on the 10th day of 
treatment showing negative caspase-3 immunostaining of the tubular lining 
epithelium in cortex and medulla (Caspase-3 immunohistochemistry, 
H&E X 80). D. Photomicrograph of kidney sections prepared from a rat 
treated with RST (10 mg/kg, p.o.) for 15 days and cisplatin (7 mg/kg, i.p.) 
on the 10th day of treatment showing negative caspase-3 immunostaining 
of the tubular lining epithelium in cortex and medulla (Caspase-3 
immunohistochemistry, H&E X 80).

Fig. 2: A. Photomicrograph of kidney sections prepared from a normal rat 
showing mild Bcl-2 immunostaining of the tubular lining epithelium in cortex 
and medulla (Bcl-2 immunohistochemistry, H&E X 80). B. Photomicrograph 
of kidney sections prepared from a cisplatin control rat showing mild Bcl-2 
immunostaining of the tubular lining epithelium in cortex and medulla (Bcl-
2 immunohistochemistry, H&E X 80). C. Photomicrograph of kidney 
sections prepared from a rat treated with SIM (10 mg/kg, p.o.) for 15 days 
and cisplatin (7 mg/kg, i.p.) on the 10th day of treatment showing severe 
Bcl-2 immunostaining of the tubular lining epithelium in cortex and medulla 
(Bcl-2 immunohistochemistry, H&E X 80). D. Photomicrograph of kidney 
sections prepared from a rat treated with RST (10 mg/kg, p.o.) for 15 days and 
cisplatin (7 mg/kg, i.p.) on the 10th day of treatment showing severe Bcl-2 
immunostaining of the tubular lining epithelium in cortex and medulla (Bcl-2 
immunohistochemistry, H&E X 80).

Immunohistochemical determination of Bax showed 
normal immunostaining in normal rats and severe immunostaining 
in cisplatin control group. Administration of simvastatin resulted 
in negative Bcl-2 immunostaining while administration of 
rosuvastatin resulted in moderate immunostaining of the tubular 
lining epithelium in cortex and medulla (Figure 3).

Fig. 3: A. Photomicrograph of kidney sections prepared from a normal rat 
showing negative Bax immunostaining of the tubular lining epithelium in cortex 
and medulla (Bax immunohistochemistry, H&E X 80). B. Photomicrograph 
of kidney sections prepared from a cisplatin control rat showing severe Bax 
immunostaining of the tubular lining epithelium in cortex and medulla 
(Bax immunohistochemistry, H&E X 80). C. Photomicrograph of kidney 
sections prepared from a rat treated with SIM (10 mg/kg, p.o.) for 15 days 
and cisplatin (7 mg/kg, i.p.) on the 10th day of treatment showing negative 
Bax immunostaining of the tubular lining epithelium in cortex and medulla 
(Bax immunohistochemistry, H&E X 80). D. Photomicrograph of kidney 
sections prepared from a rat treated with RST (10 mg/kg, p.o.) for 15 days and 
cisplatin (7 mg/kg, i.p.) on the 10th day of treatment showing moderate Bax 
immunostaining of the tubular lining epithelium in cortex and medulla (Bax 
immunohistochemistry, H&E X 80). 
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Histopathological examination of renal tissue
Histopathological examination of renal tissue from 

normal rat showed normal structure of the glomeruli and 
tubules. Cisplatin control rats showed coagulative necrosis and 
severe degenerative changes in the tubular lining epithelium. 
Administration of either simvastatin or rosuvastatin resulted 
in improvement of the overall histopathological picture of the 
kidneys (Figure 4).

Fig. 4: A. Photomicrograph of kidney sections prepared from a normal rat 
showing no histopathological alteration and the normal histological structure 
of the glomeruli and tubules at the cortex were recorded (H&E X 40). B. 
Photomicrograph of kidney sections prepared from a cisplatin control rat 
showing coagulative necrosis and severe degenerative changes in the tubular 
lining epithelium (H&E X 40). C. Magnification of figure 4B showed swelling 
in the endothelial cells lining the congested glomerular tufts (H&E X 80). D. 
Photomicrograph of kidney sections prepared from a rat treated with SIM (10 
mg/kg, p.o.) for 15 days and cisplatin (7 mg/kg, i.p.) on the 10th day of treatment 
showing mild congestion in the glomeruli and the intertubular blood vessels at 
the cortex (H&E X 40). E. Magnification of figure 4D showed improvement 
of the overall histopathological picture of the kidneys in this group (H&E X 
80). F. Photomicrograph of kidney sections prepared from a rat treated with 
RST (10 mg/kg, p.o.) for 15 days and cisplatin (7 mg/kg, i.p.) on the 10th day 
of treatment showing mild degenerative changes in the lining epithelium of the 
tubules. (H&E X 40). G. Magnification of figure 4F showed mild improvement 
of the overall histopathological picture of the kidneys in this group (H&E X 80).

DISCUSSION
Nephrotoxicity is the key limitation of cisplatin-based 

chemotherapy protocols. Direct toxicity of cisplatin through 
oxidative stress (Lieberthal et al., 1996; Baliga et al., 1998), 
inflammation and cytokine activity has been implicated in the 
pathogenesis of cisplatin-induced nephrotoxicity (Deng et al., 
2001; Ramesh and Reeves, 2002; Ramesh and Reeves, 2004). The 
recent observation that 3-Hydroxy-3-methyl-gutaryl coenzyme 
A (HMG-CoA) reductase inhibitors or statins, the most effective 
group of lipid-lowering drugs, possess more clinical benefits 
related to anti-inflammatory properties, immunomodulatory 
effects (Blanco-Colio et al., 2003) and recently anti-oxidative 
mechanisms (Haendeler et al., 2004). However, the mechanism 
by which statins could protect against cisplatin-induced 
nephrotoxicity is not well defined.

In the present study, cisplatin administration resulted in 
a significant decrease in kidney weight and kidney weight/body 
weight ratio compared to normal rats. Significant nephrotoxicity 
was observed after cisplatin administration as detected by 
elevations in serum creatinine, urea, and uric acid. In accordance, 

others reported increases in serum creatinine, and blood urea 
nitrogen (Saleh and El-Demerdash, 2005; Shimeda et al., 2005; 
Palipoch et al., 2014). Regardless their lipid-lowering activities, 
some statins possess favorable effects on the cardiovascular 
system, immune system, oxidative damage, immune system, and 
vascular & renal functions (Davignon, 2004; Mason et al., 2004; 
Ray and Cannon, 2005; Akalin Ciftci et al., 2015). Previous data 
demonstrated the protective actions of statins on oxidative stress in 
the kidney and other different body organs (Iseri et al., 2007; An et 
al., 2011; Khoshnoud et al., 2011; Dashti-Khavidaki et al., 2013). 
In the present study, administration of SIM (10 mg/kg) and RST 
(10 mg/kg) resulted in a significant increase in kidney weight and 
kidney weight/final body weight ratio when compared to cisplatin 
control group. Moreover, renal dysfunction was improved by SIM 
and RST administration.

Cisplatin is metabolically converted to a more potent 
toxin that causes DNA injury, mitochondrial DNA and respiration 
damage with activation of apoptotic pathways, and initiation of 
inflammatory responses (Miller et al., 2010). Significant elevation 
of myeloperoxidase (MPO) level in cisplatin nephrotoxicity has 
been observed along with pro-inflammatory cytokines; TNF-α, and 
IL-1β indicative of provoked inflammatory response as reported 
earlier (Amirshahrokhi and Khalili, 2015). Myeloperoxidase 
(MPO) was found to exert a primary role in chronic inflammation 
(Podrez et al., 2000) as well as in oxidative damage in various body 
organs (Vita et al., 2004) and demonstrates an essential mechanistic 
link between oxidation and inflammation (Madhusudhana Rao et 
al., 2011).

The oxidative stress exerted by cisplatin activates the 
transcription factor—nuclear factor kappa B (NF-kB)—thus 
promoting the production of pro-inflammatory cytokines, such 
as TNF-α (Ramesh and Reeves, 2002). Our data reported further 
increase in the transcription factor NF-kB when compared to 
normal group. Moreover, NF-kB plays major roles in oxidative 
stress, inflammation and regulation of gene coding for cytokines 
and apoptosis, accordingly, kidney tissue pro-inflammatory 
cytokines TNF-α & IL-1β and kidney tissue NF-kB were 
elevated significantly after cisplatin administration in mice 
(Pan et al., 2015). Also in line with the current data; Liu et al., 
(2016) stated that the main mechanism for cisplatin-induced 
nephrotoxicity was through tubular epithelial cell apoptosis where 
caspases-3 was highly expressed (Liu et al., 2016). Caspase-3 
immunohistochemistry reported mild reactivity in cisplatin-
treated group compared to normal counterparts. Being the most 
important mechanism involved in proximal tubular injury (Wei 
et al., 2007), apoptosis is induced through stimulation of death 
receptors such TNF-α leading to activation of different caspases 
(Strasser et al., 2000). 

The activation of the previous apoptotic pathway strongly 
implicate the mitochondrial apoptotic pathways in cisplatin-
induced tubular cell death which was evident by overexpression 
of Bax while under expression of Bcl-2 in the tubular lining 
epithelium in cortex and medulla by immunohistochemistry in 
cisplatin-exposed kidneys. Meanwhile, cisplatin administration 
leads to translocation of Bax in mitochondria (Lee et al., 2001) 
and subsequently, overexpression of caspases 3, 8 and 9 occur 
as prompt as 12 hours post cisplatin (Kaushal et al., 2001). 
Upon activation of Bax, a shift between the equilibrium of the 
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pro- and antiapoptotic Bcl-2 proteins directs to the pro-apoptotic 
pathways, specifically caspase-dependent one (Pabla and Dong, 
2008) explaining the reason behind less expression of Bcl-2 after 
cisplatin administration. In accordance, treatment of cultured 
tubular cells with cisplatin led to reduction and degradation of 
the anti-apoptotic proteins including Bcl-2, Bcl-XL, and Mcl-1 
(Jiang et al., 2006). While pro-apoptotic proteins viz. Bax and 
Bak are not changed (Yang et al., 2007). Therefore, the ratio 
between Bax and Bcl-2 has been reported to be elevated during 
cisplatin nephrotoxicity (Sheikh-Hamad et al., 2004). This shift 
in apoptotic gene expression to enhance the activation of Bax is 
greatly believed to trigger mitochondrial injury and apoptosis. 
Recent studies showed that cisplatin administration markedly 
enhanced Bax expression leading to apoptosis and nephrotoxicity 
in mice (Wei et al., 2007) and decreased Bcl-2 expression level in 
mice kidney tissues (Tilyek et al., 2016). 

Acute nephrotoxicity was further proved by the 
histopathological variations including swelling and vacuolation 
of the lining endothelium of the glomerulus as well as tubular 
degeneration and dilation of the blood vessels with focal minute 
haemorrhage in the cortical section. Severe tubular swelling, 
necrosis, and degeneration in glomeruli, proximal, and distal 
tubules were also apparent in the current investigation. Iseri et 
al. (2007) stated that cisplatin produced severe nephrotoxicity 
manifested by elevation of blood urea nitrogen (BUN) and 
serum creatinine as well as a decrement in creatinine clearance 
value, elevation in kidney tissue MPO concentration along with 
significant histopathological changes (Ozkok and Edelstein, 
2014). 

Administration of SIM and RST markedly protected 
against cisplatin-induced elevation in renal tissue MPO, TNF-α, 
IL-1β, NF-kB and caspase-3, suggesting significant protection 
against cisplatin-induced nephro-inflammation and apoptosis. Our 
data is in agreement with Iseri et al. (2007) who demonstrated that 
the beneficial actions of SIM against cisplatin-induced kidney and 
liver damage in rats were through prevention of lipid peroxidation, 
tissue fibrosis, and conservation of antioxidant glutathione. 
Similarly, SIM and RST protective effects against cisplatin-
induced acute kidney injury were mainly via improvement of lipid 
peroxidation, renal function as well as their lipid-lowering effects 
(Maheshwari et al., 2013). Further, pravastatin protected against 
cisplatin-induced kidney oxidative stress damage and attenuated 
apoptosis manifested by changes in p53 apoptotic cells in renal 
proximal tubules (Fujieda et al., 2011), and improved serum 
creatinine, BUN, kidney tissue GSH, MDA, SOD and catalase 
with decreased histopathological damage induced by cisplatin in 
mice (An et al., 2011).

Recently, SIM ameliorated gentamicin-induced increase 
in serum creatinine and proximal tubular cell necrosis in a dose-
dependent manner (Jabbari et al., 2011), while statins reduced 
intracellular gentamicin concentration (Antoine et al., 2010). 
Moreover, RST decreased cyclosporine-induced nephrotoxicity, 
tubular apoptosis, atrophy and fibrosis by decreasing expression 
of Bax/Bcl-2 ratio (Nam et al., 2012).

The effect of statins on the expression levels of the pro- 
and anti-apoptotic Bcl-2 family of proteins has been proposed as 
one of the mechanisms involved in different protective properties 
of statins. Our findings revealed that SIM and RST treatment in 

cisplatin nephrotoxicity greatly affected the expression levels of 
Bax and Bcl-2 towards the pathways that reduce apoptosis and 
cell death by decreasing Bax and increasing Bcl-2 immunostaining 
in rat tubular cells. Of note, SIM reported negative Bax while 
severe Bcl-2 immunostaining in rat renal tissues, meanwhile, RST 
showed moderate Bax but severe Bcl-2 expression. In accordance, 
mice receiving oral SIM (120 μmol/kg for 21 days) reported a 
significant increase in brain Bcl-2 gene expression (Johnson-
Anuna et al., 2005). 

Previous studies on guinea pigs demonstrated that SIM 
increased Bcl-2 protein levels whilst Bax protein levels were 
significantly reduced, with further neuroprotection of dissociated 
brain cells when challenged with sodium nitroprusside and 
the Bcl-2 protein inhibitor (Franke et al., 2007). Further, SIM 
(2.4 μmol/kg i.p./day, 2 or 8 weeks) exhibited neuroprotective 
properties in a rat model of Huntington’s disease (Patassini et al., 
2008). Other studies demonstrated that statins increased Bcl-2 
abundance and decreased apoptosis in vivo (Malik et al., 2011; 
Qin et al., 2012; Rajtik et al., 2012). 

Several in vitro studies support the notion that statins 
increase Bcl-2 and reduce apoptosis, providing neuroprotective 
activity through increased Bcl-2 mRNA and protein levels 
upon SIM treatment of mouse primary neurons challenged with 
oligomeric amyloid β-protein (Johnson-Anuna et al., 2007). 
Moreover, fluvastatin (0.01-0.1 μM) increased Bcl-2 mRNA 
expression and protein levels in human vascular endothelial cells 
challenged with H2O2 (Xu et al., 2008). Recently, treatment with 
atorvastatin, SIM, and pravastatin augmented Bcl-2 protein levels 
and decreased markers of apoptosis in different cell types such as 
mesenchymal stem cells (Dong et al., 2011), human osteosarcoma 
cells (Zhao et al., 2012), and human atrial trabeculae (Lemoine 
et al., 2012), respectively. Although it is controversial whether 
Bcl-2 levels are decreased or increased by statins, such effects 
are dependent on statin concentrations (Johnson-Anuna et al., 
2007; Zhao et al., 2012) and cell type as neoplastic cells may react 
differently to statins compared to normal cells (Spampanato et al., 
2012). Much remained to find out how the concentration of statins 
is a critical factor influencing the cellular death/survival pathways 
in vivo. 

Presumably, present data revealed that SIM and RST 
possess protective activity against cisplatin-induced nephrotoxicity 
via anti-inflammatory and anti-apoptotic mechanisms that reduce 
inflammatory markers; MPO, cytokines; TNF-α, Il-1β, and Nf-kB 
with a subsequent shift in expression levels of Bax and Bcl-2 
towards cell survival and nephroprotection. Those observations 
were further augmented by significant improvement in the 
histopathological picture of renal tissues treated with SIM, while 
mild improvement was observed in rosuvastatin-treated renal 
tissues compared to cisplatin. 

Our data highlights that the protective effects of SIM 
and RST might be attributable to their anti-apoptotic and anti-
inflammatory effects along with their already proven antioxidant 
activity. In conclusion, the current study revealed that SIM and 
RST protected against cisplatin-induced nephrotoxicity as they 
managed to increase kidney weight and kidney relative index, 
improve renal dysfunction (serum creatinine, urea, and uric 
acid) and reduce renal tissue levels of MPO, TNF-α, IL-1β and 
NF-kB. Alteration in the expressions of renal caspase-3, Bax 
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and Bcl-2 proteins in glomerular and tubular epithelium by SIM 
and RST was also significant with improvement in the overall 
histopathological picture. Thus, the study suggests SIM and RST 
as potent nephroprotective agents via mechanisms expand beyond 
their antioxidant and vascular effects to include anti-inflammatory 
and anti-apoptotic properties. 
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