
Research in Pharmaceutical Sciences, April 2026; 21(2): 227-235 School of Pharmacy & Pharmaceutical Sciences 
Received: 26-10-2024 Isfahan University of Medical Sciences 
Peer Reviewed: 30-12-2024 
Revised: 28-06-2025 
Accepted: 08-07-2025 
Published: 24-04-2026 

 
Original Article 

 

 
 

Protective effects of cilostazol against cisplatin-induced hepatorenal 
toxicity in male mice 

 
Elham Hakimizadeh1, Fatemeh Khajehasani2, Morteza Amirteimoury3, Ayat Kaeidi4,  

Jalal Hassanshahi5, and Iman Fatemi3,* 
 
1Physiology-Pharmacology Research Center, Research Institute of Basic Medical Sciences, Rafsanjan University of 
Medical Sciences, Rafsanjan, Iran. 
2Department of Radiology, Afzalipour Medicine School, Kerman University of Medical Sciences, Kerman, Iran. 
3Research Center of Tropical and Infectious Diseases, Kerman University of Medical Sciences, Kerman, Iran. 
4Immunology of Infectious Diseases Research Center, Research Institute of Basic Medical Sciences, Rafsanjan University 
of Medical Sciences, Rafsanjan, Iran. 
5Molecular Medicine Research Center, Research Institute of Basic Medical Sciences, Rafsanjan University of Medical 
Sciences, Rafsanjan, Iran. 

 
Abstract 

Background and purpose: Cisplatin (CPN) is a widely used and potent chemotherapy drug for cancer 
treatment. However, one of the major side effects of CPN is hepatorenal toxicity. Recently, cilostazol (CSZ), 
a type III phosphodiesterase inhibitor, has promising effects against liver and kidney toxicities. We assessed 
the effects of CSZ against CPN-induced hepatorenal toxicity (CIHR) in male mice.  
Experimental approach: Twenty-four male mice were randomly assigned as follows: control group (no 
treatment), CPN group (treated with 20 mg/kg CPN on day one of the experiment), and CPN + CSZ 3 and                  
15 groups (treated with CPN on day one of the experiment plus CSZ (3 and 15 mg/kg) orally for four days). 
Biochemical, oxidative, and histological investigations were conducted to evaluate the effectiveness of CSZ 
in protecting the liver and kidneys from CPN-induced damage.  
Findings/Results: The results showed that treatment with CSZ, especially at 15 mg/kg, significantly reduced 
the CPN-induced increase in serum concentrations of biochemical markers such as alkaline phosphatase, 
aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, and creatinine. Furthermore, CSZ 
treatment at 15 mg/kg also restored the hepatorenal oxidative stress factors, including superoxide dismutase, 
malondialdehyde, and glutathione peroxidase. Histological examination revealed a significant improvement in 
groups receiving CSZ (15 mg/kg) compared to the CPN-treated group, alongside biochemical and oxidative 
results. 
Conclusion and implications: The findings of this investigation point towards the potential of CSZ as a viable 
contender for subsequent exploration in the realm of devising efficacious therapeutic approaches for CIHR. 
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INTRODUCTION 
 

Cisplatin (CPN) is a platinum-containing 
anticancer drug that forms cross-links in a 
single strand of DNA and between two strands 
(1). This mechanism inhibits DNA synthesis, 
leading to the death of tumor cells in all stages 
of the cell cycle (2). This drug has a strong anti-
neoplastic effect on different kinds of cancers, 
such as esophageal and stomach cancers, as 
well as genitourinary tract cancers, especially 
testicular, ovarian, and bladder cancers (3). 
However, one of the main side effects of CPN 
is hepatorenal toxicity, which limits its use in 
treatment (4). The drug is primarily 
concentrated in the kidney, especially within 
the proximal tubule, which causes renal toxicity 
and symptoms such as kidney swelling, 
proteinuria, and an elevation of serum blood 
urea nitrogen (BUN) and creatinine (Cr) (5,6). 
Additionally, hepatotoxicity caused by CPN is 
marked by significantly increased serum levels 
of alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), and alanine 
aminotransferase (ALT) (7). Several 
mechanisms contribute to CPN-induced 
hepatorenal toxicity, including tissue oxidative 
damage and the generation of reactive oxygen 
species (ROS), which are considered the most 
significant mechanisms (8). ROS, particularly 
hydroxyl radicals, can lead to lipid 
peroxidation, destruction of cell membranes, 
and oxidation of nucleic acids and proteins (6). 
One of the key preventive factors against CPN-
induced oxidation damage is the enhancement 
of antioxidant enzyme activity, such as 
glutathione peroxidase (GPx) and superoxide 
dismutase (SOD) (9,10). 

Cilostazol (CSZ) is a selective 
phosphodiesterase type III inhibitor that 
prevents platelet aggregation and dilates 
peripheral blood vessels. It is commonly used 
to treat ischemic symptoms associated with 
peripheral vascular diseases, such as 
intermittent claudication (11). CSZ is generally 
well tolerated, with mild to moderate side 
effects, including headache, heart palpitations, 
and tachycardia (12). Research has indicated 
that CSZ has protective effects against liver and 
kidney toxicities via different mechanisms. For 
instance, it has been shown that CSZ reduces 

gentamicin-induced kidney damage by 
decreasing apoptotic markers and 
malondialdehyde (MDA) and increasing 
antioxidative markers such as SOD and GPx 
(13). In another study, simultaneous usage of 
CSZ and rosuvastatin reduces inflammatory 
markers and improves kidney damage caused 
by a high-fat diet (14). Additionally, a study by 
Chian et al. showed that CSZ improved diabetic 
nephropathy by reducing free radical 
production and inflammatory markers (15). 
Furthermore, CSZ has beneficial effects          
against thioacetamide-induced hepatotoxicity 
by regulating inflammatory cytokines and 
apoptotic markers (13). Moreover, it has been 
demonstrated that administering CSZ to 
animals with cholestatic liver injury induced by 
common bile duct ligation, improved hepatic 
functions and lowered fibrosis (16). 

Considering the antioxidant properties of 
CSZ and the impact of free radicals in CPN-
induced hepatorenal toxicity (CIHR), we 
assessed the effect of CSZ on CIHR in male 
mice by analyzing the biochemical, oxidant, 
and histological indices. 
  

MATERIALS AND METHODS 
 
Animals and experimental design 

Twenty-four male albino mice (30 ± 2 g) 
were prepared by the animal house of Rafsanjan 
University of Medical Sciences and maintained 
under standard conditions (21 ± 1 °C, 12/12-h 
dark/light cycle) in polycarbonate cages                   
(3 per cage) with free access to water and food. 

The mice were assigned to four groups                   
(n = 6) including control group: normal mice 
with no treatment; CPN group: treated with 
CPN (20 mg/kg, i.p. injection) on day one of the 
experiment (17); CPN + CSZ 3 group: treated 
with CPN (20 mg/kg, i.p. injection) on day one 
of the experiment and CSZ (3 mg/kg, orally) for 
four days; CPN + CSZ 15 group: treated with 
CPN (20 mg/kg, i.p. injection) on day one of the 
experiment and CSZ (15 mg/kg, orally) for                   
four days. 
  
Ethical considerations 

Approval for the present research was 
granted by the Ethics Committee of Kerman 
University of Medical Sciences (Ethic No. 
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IR.KMU.REC.1400.502). All experiments 
adhered to the guidelines of the ethics 
committee of Kerman University of Medical 
Sciences and the European Communities 
Council Directive 86/609/EEC of 24 November 
1986. 
 
Sample collection 

Twenty-four hours after the final 
administration of drugs, the mice were 
anesthetized, and blood specimens were 
collected from the orbital sinus and underwent 
centrifugation (3000 rpm, 15 min) to isolate the 
serum, which was then stored at -20 °C for 
measuring biochemical parameters of the 
kidney and liver. The mice were subsequently 
euthanized by rapid decapitation, and then                  
the liver and kidneys were harvested. The liver 
was divided into two parts. One kidney and one 
part of the liver were homogenized at a ratio of 
1:10 (weight to volume) in ice-cold                           
Tris-HCl buffer (100 mM, pH 7.4).                                 
The homogenate was then centrifuged at 6000 
rpm for 20 min, and the supernatant was 
collected and stored at -80 °C to assess 
oxidative parameters in liver and kidney 
tissues. The other kidney and the remaining part 
of the liver were preserved in 10% formalin for 
histopathological analysis (18). 
 
Biochemical and oxidative assessments 

The ALP, AST, ALT, BUN, and Cr serum 
concentrations were evaluated by an automated 
biochemical analyzer (MINDRAY, China) 
(19), whereas hepatic and renal activities of 
SOD and GPx, as well as MDA concentrations 
were assessed by commercially available kits 
(ZellBio, Germany) according to the 
manufacturer’s instructions using an automatic 
microplate reader (BioTek, USA). 
 
Histological assessments 

For histological analysis, the fixed livers and 
kidneys underwent dehydration with sequential 
ethanol solutions and were embedded in 
paraffin; 5-μm thick sections were cut; the 
sections were subjected to staining with 
hematoxylin and eosin (H&E) and examined 
under a light microscope (Nikon Labophot, 

Japan) (14). A pathologist blindly evaluated all 
slides for histological abnormalities of the liver 
and kidney. The inflammation, pyknosis, and 
congestion were assessed in liver samples. The 
inflammation, tubular necrosis, and congestion 
were assessed in kidney samples. The severity 
of each parameter was graded using a semi-
quantitative method into four categories: 
normal (scored as 1), mild (scored as 2), 
moderate (scored as 3), and severe (scored as 
4). Finally, the average score for each slide was 
recorded (20). 
 
Statistical analysis 

Statistical analyses were conducted using the 
GraphPad Prism program 6.01. The results 
were presented as mean ± standard error of the 
mean (SEM). The data's normality was       
assessed using the Kolmogorov-Smirnov test. 
Differences among the groups were analyzed 
by the one-way analysis of variance (ANOVA) 
followed by Tukey’s post-hoc test. Non-
parametric variables were assessed by the 
Kruskal-Wallis test followed by Dunn’s post-
hoc test. P < 0.05 was considered statistically 
significant. 

 
RESULTS 

 
Effects of CSZ on serum levels of biochemical 
markers against CIHR in mice 

ALP, AST, and ALT levels, as hepatic 
functional tests, were higher in the serum                   
of the CPN group than in the control group              
(Fig. 1A-C). CSZ treatment (3 mg/kg) 
significantly decreased the ALP and ALT levels 
in the serum of the animals exposed to                   
CPN. Similarly, CSZ administration (15 
mg/kg) lowered all serum levels of biochemical 
markers in comparison with the CPN group. 

Cr and BUN levels, as renal functional tests, 
were higher in the serum of the CPN group than 
in the control group (Fig. 1D and E).                   
CSZ treatment (3 mg/kg) significantly 
decreased the Cr level in the serum of the 
animals exposed to CPN. Similarly, CSZ 
administration (15 mg/kg) lowered both Cr                   
and BUN levels in comparison with the                   
CPN group.
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Fig 1. Effects of CSZ (3 and 15 mg/kg/day; orally administered for four days) on (A) ALP, (B) AST, (C) ALT, (D) Cr, 
and (E) BUN levels in serum of CPN-exposed mice. Data are expressed as mean ± SEM (n = 6). *P < 0.05, **P < 0.01, 
and ***P < 0.001 indicate significant differences compared to the control group; $P < 0.05, $$P < 0.01, and $$$P < 0.001 
versus the CPN group. CSZ, Cilostazol; CPN, cisplatin; ALP, alkaline phosphatase; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; Cr, creatinine; BUN, blood urea nitrogen. 

 
Effects of CSZ on SOD, GPx, and MDA 
activities or levels of the hepatic and renal tissue 
against CIHR in mice 

SOD activities as a free radical scavenger 
enzyme were lower in the CPN group's hepatic 
and renal tissues than in the control group                  
(Fig. 2A and D). CSZ treatment at 3 mg/kg 
notably increased the SOD activity only in the 
renal tissue of the animals exposed to CPN. 
Likewise, CSZ administration (15 mg/kg) 
enhanced SOD activities in both hepatic and renal 
tissues compared with the CPN group. 

GPx activities as an antioxidant enzyme were 
lower in the CPN group's hepatic and renal tissues 
than in the control group (Fig. 2B and E). CSZ 
treatment (3 mg/kg) notably increased the GPx 
activity in only the hepatic tissue of the animals 
exposed to CPN. Likewise, CSZ administration 
(15 mg/kg) enhanced GPx activities in both 
hepatic and renal tissues compared with the CPN 
group. 

The free radical damage was measured by 
lipid peroxidation as indicated by MDA level. As 

shown in Fig. 2C and F, the MDA levels were 
higher in the CPN group's hepatic and renal 
tissues than in the control group. CSZ 
administration (15 mg/kg) decreased the MDA 
levels in both hepatic and renal tissues compared 
to the CPN group. 
 
Effects of CSZ on histological parameters of the 
renal tissue against CIHR in mice 

The typical liver architecture was observed in 
the histological examinations of the control 
group, as depicted in Fig. 3A and Table 1. In 
contrast, the CPN group exhibited significant 
congestion, infiltration of leukocytes, and 
necrosis of hepatocytes, as shown in Fig. 3B and 
Table 1. CSZ treatment (3 mg/kg) had no 
significant effect on the mentioned indices of 
liver (Fig. 3D and Table 1). Moreover, 
administration of CSZ (15 mg/kg) ameliorated 
these abnormalities and played a notable 
protective role in mitigating the aforementioned 
pathological changes, as illustrated in Fig. 3D and 
Table 1. 
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Fig 2. Effects of CSZ (3 and 15 mg/kg/day; orally administered for four days) on hepatic (A) SOD activity, (B) GPx 
activity, (C) MDA level, renal (D) SOD activity, (E) GPx activity, and (F) MDA level in CPN-exposed mice. Data are 
expressed as mean ± SEM (n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001 indicate significant differences compared to 
the control group; $P < 0.05, $$P < 0.01, and $$$P < 0.001 versus the CPN group. CSZ, Cilostazol; CPN, cisplatin; SOD, 
superoxide dismutase; GPx, glutathione peroxidase; MDA, malondialdehyde. 
 
 

 
Fig. 3. The effects of CSZ (3 and 15 mg/kg/day; orally administered for four days) on histological changes in CPN-
exposed mice's hepatic tissue (H&E staining; magnification: 400 ×). (A) Control group, (B) CPN group, (C) CPN + CSZ 
3 group, and (D) CPN + CSZ 15 group. The black arrow indicates inflammation; the lightning bolt indicates congestion; 
and the hollow arrow indicates pyknosis. CSZ, Cilostazol; CPN, cisplatin.  

 
Normal kidney structure was seen in                        

the histological studies of the control group 
(Fig. 4A; Table 1). The CPN group showed 
severe congestion, leukocyte infiltration, and 
tubular necrosis (Fig. 4B; Table 1). CSZ 
treatment (3 mg/kg) has no significant effect on 

mentioned indices of kidney (Fig. 4D and Table 
1). Furthermore, CSZ treatment (                      15 
mg/kg) alleviated these lesions and                   
had a remarkable protective role on                   
the above-mentioned pathological lesions                   
(Fig. 4D; Table 1).

  



Hakimizadeh et al. / RPS 2026; 21(2): 227-235 
 

232 

 

Table 1. Effects of CSZ (3 and 15 mg/kg/day; orally administered for four days) on pathological indices of CPN-exposed 
mice. Data are expressed as mean ± SEM (n = 6). *P < 0.05, **P < 0.01, and ***P < 0.001 indicate significant differences 
compared to the control group; $P < 0.05 and $$P < 0.01 versus the CPN group. 

Pathological indices 
Groups 

Control CPN CPN + CSZ 3 CPN + CSZ 15 
Renal inflammation  1.00 ± 0.00 3.66 ± 0.21*** 3.00 ± 0.25* 1.50 ± 0.22$ 
Renal tubular necrosis  1.00 ± 0.00 3.50 ± 0.22*** 2.50 ± 0.22* 1.33 ± 0.21$$ 
Renal congestion 1.00 ± 0.00 3.83 ± 0.16*** 2.66 ± 0.21 1.50 ± 0.22$$ 
Hepatic inflammation  1.00 ± 0.00 3.83 ± 0.16** 3.33 ± 0.21* 1.16 ± 0.16$$ 
Hepatic pyknosis  1.00 ± 0.00 3.33 ± 0.21*** 2.16 ± 0.16 1.16 ± 0.16$$ 
Hepatic congestion 1.00 ± 0.00 3.50 ± 0.22*** 2.33 ± 0.21 1.33 ± 0.21$$ 
CSZ, Cilostazol; CPN, cisplatin. 

 

 
Fig. 4. The effects of CSZ (3 and 15 mg/kg/day; orally administered for four days) on histological changes in CPN-exposed 
mice's renal tissue (H & E staining; 400x). ((H&E staining; magnification: 400 ×). (A) Control group, (B) CPN group, (C) CPN 
+ CSZ 3 group, and (D) CPN + CSZ 15 group. The black arrow indicates inflammation; the lightning bolt indicates congestion; 
and the hollow arrow indicates tubular necrosis. CSZ, Cilostazol; CPN, cisplatin.  

 
DISCUSSION 

 
This investigation examined the effect of CSZ 

on CIHR in male mice. We found that CPN 
administration (20 mg/kg, i.p.) caused significant 
damage to the liver and kidney, as indicated by 
elevated levels of ALP, AST, ALT, BUN, and Cr. 
Additionally, CPN treatment increased MDA 
content, along with a reduction in GPx and SOD 
activities in the liver and kidney tissues. These 
biochemical changes were associated with 
pathological lesions in both the hepatic and renal 
tissues. However, oral administration of CSZ for 
four consecutive days, particularly at 15 
mg/kg/day, significantly mitigated the harmful 
effects of CPN on the liver and kidneys.  

Serum concentrations of ALP, AST, ALT, 
BUN, and Cr are commonly used as diagnostic 
markers to evaluate liver and kidney function 
(10,18). There is substantial evidence connecting 
the increased production of ROS in liver and 
kidney tissues to elevated levels of these 
biochemical markers following the 
administration of CPN (7,19). While CPN offers 
valuable antitumor effects, its significant 
hepatorenal toxicity manifests as increased serum 

ALP, AST, ALT, BUN, and Cr levels, a finding 
corroborated by prior studies (21-23). In our 
research, i.p. injection of CPN similarly elevated 
specific biochemical markers, which is consistent 
with existing literature (7,17,24). We further 
demonstrated that CSZ administration (                     
15 mg/kg/day) significantly reduced these 
elevated parameters in mice treated with CPN. 
This protective effect is in line with previous 
studies that highlight the benefits of antioxidants, 
such as myrtenol, ellagic acid, calcium dobesilate, 
and isoliquiritigenin, in alleviating oxidative 
stress and normalizing levels of ALP, AST, ALT, 
BUN, and Cr in models of CIHR (21,25-27). 
CSZ’s antioxidant properties are well-
documented, including its ability to suppress 
superoxide generation and scavenge hydroxyl 
radicals (28). Our findings reinforce that CSZ 
exerts potent antioxidative effects by directly 
inhibiting ROS production (13). Previous 
research supports CSZ’s protective role in various 
toxicity models. For example, CSZ administered 
(10 mg/kg/day) for eight days significantly 
reduced Cr and urea levels in gentamicin-induced 
nephrotoxicity due to its strong antioxidative 
properties (13), while its nephroprotective effects 
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against amikacin-induced renal injury stem from 
its anti-inflammatory, antioxidant, and anti-
apoptotic properties (29). In a model of liver 
injury, administration of CSZ improved the levels 
of AST and ALT after exposure to thioacetamide. 
This improvement is attributed to enhanced redox 
status, as indicated by increased levels of reduced 
glutathione and decreased levels of MDA (30). 
Similarly, oral administration of CSZ reduced 
elevations in ALT and AST levels in cases of liver 
ischemia/reperfusion injury, likely due to its anti-
inflammatory effects (31). Collectively, these 
findings suggest that the protective effects of CSZ 
on the liver and kidneys result from its ability to 
reduce oxidative stress and enhance the activity 
and levels of antioxidant enzymes (29,32). By 
alleviating the oxidative damage caused by 
chemotherapeutic agents like CPN, CSZ emerges 
as a promising therapeutic adjunct for mitigating 
chemotherapy-related liver and kidney damage. 

Excessive ROS production in the liver and 
kidney has been established as a key contributor 
to CIHR (33,34). This oxidative stress is 
characterized by elevated MDA levels and 
decreased activity and/or levels of antioxidant 
enzymes like SOD, GPx, and catalase in liver and 
kidney tissues (24,27). Consequently, oxidative 
stress can lead to hepatorenal abnormalities and 
impaired function (27,35,36). In our study, CPN 
administration significantly increased MDA 
levels in liver and kidney tissues while markedly 
decreasing SOD and GPx activities. Moreover, 
CSZ treatment, especially at 15 mg/kg/day in 
mice treated with CPN, notably decreased the 
MDA level as well as increased the mentioned 
antioxidative indicators. These findings align with 
prior studies demonstrating CSZ’s antioxidant 
properties across various experimental models of 
tissue injury (28,32). For instance, Hafez et al. 
assessed the effects of CSZ on thioacetamide-
related nephrotoxicity. They showed that CTZ 
lowers serum Cr and urea levels and restores the 
MDA level and SOD activity (32). Similarly, CSZ 
has been shown to reduce cyclosporine-induced 
nephrotoxicity by increasing catalase and SOD 
activities and decreasing MDA levels (37). 
Additional evidence supports CSZ’s role in 
alleviating diabetic nephropathy in rats through 
regulation of oxidative stress (38) and reducing 
ROS production in ethanol-induced hepatitis 
(39). Collectively, these studies suggest that CSZ 

ameliorates hepatorenal toxicity in CPN-treated 
animals, at least in part, by attenuating oxidative 
stress in these tissues. 

It is well established that CPN induces over-
production of ROS in liver and kidney tissues, 
which is associated with renal and hepatic 
pathological lesions (20). Pathological changes 
caused by oxidative stress can lead to functional 
abnormalities in the liver and kidney (26). 
Consistent with previous reports, we found that 
CPN induces pathological lesions in the liver and 
kidney, such as inflammation, necrosis, and 
congestion (9,40,41). Additionally, we verified 
the effectiveness of CSZ (especially at 15 
mg/kg/day) on the improvement of pathological 
lesions by histological studies of these tissues. El 
Awdan et al. demonstrated that CSZ reduced 
pathological lesions, such as centrilobular 
necrosis of hepatocytes, and leukocyte infiltration 
in liver damage induced by thioacetamide (30). 
Moreover, CSZ attenuated tubular necrosis and 
interstitial cellular infiltrations in the renal tissue 
of animals treated with gentamicin by beneficial 
effects on the antioxidant defense system (13). 
 

CONCLUSIONS 
 

In summary, our findings demonstrated the 
protective properties of CSZ against CIHR. This 
protection may be attributed to reduced MDA 
levels and increased SOD and GPx activities in 
liver and kidney tissues. However, further 
research is needed to elucidate the precise 
underlying mechanism(s) mediating these effects 
on hepatic and renal functions. 
 
Acknowledgments 

This study was financially supported by 
Kerman University of Medical Sciences, Iran, 
through Grant No: 400000796. 
 
Conflict of interest statement 

The authors declared no conflict of interest in 
this study . 
 
Authors’ contributions 

I. Fatemi and E. Hakimizadeh conceived and 
designed the experiments; J. Hassanshahi and                   
M. Amirteimoury performed the experiments;                   
F. Khajehasani analyzed the data; I. Fatemi 
contributed to providing the reagents, materials, 



Hakimizadeh et al. / RPS 2026; 21(2): 227-235 
 

234 

and analysis tools; A. Kaeidi wrote the paper. All 
authors have read and approved the finalized 
article. Each author has fulfilled the authorship 
criteria and affirmed that this article represents 
honest and original work. 
 
AI declaration 

During the preparation of this work, the 
author(s) used Grammarly to improve readability 
and language. After using this tool, the author(s) 
reviewed and edited the content and take full 
responsibility for the content of the publication. 
 

REFERENCES 
 
1. Mehrab H, Sharifi M, Akhavan A, Aarabi MH, 

Mansourian M, Mosavi E, et al. Curcumin 
supplementation prevents cisplatin-induced 
nephrotoxicity: a randomized, double-blinded, and 
placebo-controlled trial. Res Pharm Sci. 2023;18(6):                 
648-662.  
DOI: 10.4103/1735-5362.389952. 

2. Karvan S, Sadeghi A, Farrokhi P, Nekouee A, Sharifi M, 
and Moghaddas A. Melatonin in the prevention of 
cisplatin-induced acute nephrotoxicity: a randomized, 
controlled clinical trial. Res Pharm Sci. 2022;17(2):176-
188.  
DOI: 10.4103/1735-5362.335176. 

3. Hakimizadeh E, Kaeidi A, Hassanshahi J, Mehrbani M, 
Rahmani M, and Fatemi I. Ameliorating effect of 
pistachio hydroalcoholic extract on cisplatin-induced 
nephrotoxicity in mice. Res J Pharmacogn. 2021;8(1):                
73-79.  
DOI: 10.22127/RJP.2020.119426. 

4. Kala J and Finkel KW. Onconephrology. Crit Care Clin. 
2021;37(2):365-384.  
DOI: 10.1016/j.ccc.2020.11.004. 

5. Badary OA, Abdel-Maksoud S, Ahmed WA, and Owieda 
GH. Naringenin attenuates cisplatin nephrotoxicity in 
rats. Life Sci. 2005;76(18):2125-2135.  
DOI: 10.1016/j.lfs.2004.11.005. 

6. Satoh M, Kashihara N, Fujimoto S, Horike H, Tokura T, 
Namikoshi T, et al. A novel free radical scavenger, 
edarabone, protects against cisplatin-induced acute renal 
damage in vitro and in vivo. J Pharmacol Exp Ther. 
2003;305(3):1183-1190.  
DOI: 10.1124/jpet.102.047522. 

7. Palipoch S and Punsawad C. Biochemical and 
histological study of rat liver and kidney injury induced 
by cisplatin. J Toxicol Pathol. 2013;26(3):293-299. 
DOI: 10.1293/tox.26.293. 

8. Ghanbari A, Jalili C, Salahshoor MR, Javanmardy S, 
Ravankhah S, and Akhshi N. Harmine mitigates cisplatin-
induced renal injury in male mice through antioxidant, 
anti-inflammatory, and anti-apoptosis effects. Res Pharm 
Sci. 2022;17(4):417-427.  
DOI: 10.4103/1735-5362.350242. 

9. Atessahin A, Yilmaz S, Karahan I, Ceribasi AO, and 
Karaoglu A. Effects of lycopene against cisplatin-induced 

nephrotoxicity and oxidative stress in rats. Toxicology. 
2005;212(2-3):116-123.  
DOI: 10.1016/j.tox.2005.04.016. 

10. Fatemi I, Khalili H, Mehrzadi S, Basir Z, Malayeri A, and 
Goudarzi M. Mechanisms involved in the possible 
protective effect of chrysin against sodium arsenite-
induced liver toxicity in rats. Life Sci. 2021;267:118965.  
DOI: 10.1016/j.lfs.2020.118965.  

11. Kherallah RY, Khawaja M, Olson M, Angiolillo D, and 
Birnbaum Y. Cilostazol: a review of basic mechanisms 
and clinical uses. Cardiovasc Drugs Ther. 
2022;36(4):777-792.  
DOI: 10.1007/s10557-021-07187-x. 

12. Kim YH, Ghim JL, Jung JA, Cho SH, Choe S, Choi HY, 
et al. Pharmacokinetic comparison of sustained- and 
immediate-release formulations of cilostazol after 
multiple oral doses in fed healthy male Korean volunteers. 
Drug Des Devel Ther. 2015;9:3571-3577.  
DOI: 10.2147/dddt.s86845. 

13. Abdelsameea AA, Mohamed AM, Amer MG, and Attia 
SM. Cilostazol attenuates gentamicin-induced 
nephrotoxicity in rats. Exp Toxicol Pathol. 
2016;68(4):247-253.  
DOI: 10.1016/j.etp.2016.01.002. 

14. Park JH, Choi BH, Ku SK, Kim DH, Jung KA, Oh E, et 
al. Amelioration of high-fat diet-induced nephropathy by 
cilostazol and rosuvastatin. Arch Pharm Res. 
2017;40(3):391-402.  
DOI: 10.1007/s12272-017-0889-y. 

15. Chian CW, Lee YS, Lee YJ, Chen YH, Wang CP, Lee 
WC, et al. Cilostazol ameliorates diabetic nephropathy by 
inhibiting high-glucose-induced apoptosis. Korean J 
Physiol Pharmacol. 2020;24(5):403-412.  
DOI: 10.4196/kjpp.2020.24.5.403. 

16. Kawy HSA. Cilostazol attenuates cholestatic liver injury 
and its complications in common bile duct ligated rats. 
Eur J Pharmacol. 2015;752:8-17.  
DOI: 10.1016/j.ejphar.2015.01.044. 

17. Boroushaki MT, Rajabian A, Farzadnia M, Hoseini A, 
Poorlashkari M, Taghavi A, et al. Protective effect of 
pomegranate seed oil against cisplatin-induced 
nephrotoxicity in rats. Ren Fail. 2015:37(8):1338-1343.  
DOI: 10.3109/0886022x.2015.1073496.  

18. Kaeidi A, Sahamsizadeh A, Allahtavakoli M, Fatemi I, 
Rahmani M, Hakimizadeh E, et al. The effect of 
oleuropein on unilateral ureteral obstruction induced-
kidney injury in rats: the role of oxidative stress, 
inflammation and apoptosis. Mol Biol Rep. 
2020;47:1371-1379.  
DOI: 10.1007/s11033-019-05237-0. 

19. Hosseinzadeh A, Goudarzi M, Fatemi I, Khodayar MJ, 
Mehrzadi S, Khalili HR, et al. Gemfibrozil attenuates 
doxorubicin-induced toxicity in renal tissues of male rats 
by reducing the oxidative insult and inflammation. 
Biotech Histochem. 2020;95(7):532-539.  
DOI: 10.1080/10520295.2020.1730967. 

20. Ehsani V, Amirteimoury M, Taghipour Z, Shamsizadeh 
A, Bazmandegan G, Rahnama A, et al. Protective effect 
of hydroalcoholic extract of Pistacia vera against 
gentamicin-induced nephrotoxicity in rats. Ren Fail. 
2017;39(1):519-525.  
DOI: 10.1080/0886022x.2017.1326384. 



Cilostazol effect on cisplatin-induced hepatorenal toxicity 

235 

21. Gómez‐Sierra T, Ortega‐Lozano AJ, Rojas‐Morales P, 
Medina‐Reyes EI, Barrera‐Oviedo D, and Pedraza‐
Chaverri J. Isoliquiritigenin pretreatment regulates ER 
stress and attenuates cisplatin‐induced nephrotoxicity 
in male Wistar rats. J Biochem Mol Toxicol. 
2023;37(12):e23492.  
DOI: 10.1002/jbt.23492.  

22. Farooqui Z, Ahmed F, Rizwan S, Shahid F, Khan AA, 
and Khan F. Protective effect of Nigella sativa oil on 
cisplatin-induced nephrotoxicity and oxidative damage 
in rat kidney. Biomed Pharmacother. 2017;85:                          
7-15.  
DOI: 10.1016/j.biopha.2016.11.110.  

23. Ijaz MU, Hayat MF, Almutairi BO, Almutairi MH, 
Riaz MN, and Anwar H. Evaluation of possible 
palliative role of tamarixetin against cisplatin-induced 
renal toxicity by modulation of oxidative stress, 
inflammation and apoptosis in rats. J King Saud Univ 
Sci. 2023;35(6):102787.  
DOI: 10.1016/j.jksus.2023.102787.  

24. Allameh H, Fatemi I, Malayeri AR, Nesari A, 
Mehrzadi S, and Goudarzi M. Pretreatment with 
berberine protects against cisplatin-induced renal 
injury in male Wistar rats. Naunyn Schmiedebergs 
Arch Pharmacol. 2020;393(10):1825-1833.  
DOI: 10.1007/s00210-020-01877-3. 

25. Bazmandegan G, Fatemi I, Kaeidi A, 
Khademalhosseini M, Fathinejad A, and Amirteimoury 
M. Calcium dobesilate prevents cisplatin-induced 
nephrotoxicity by modulating oxidative and 
histopathological changes in mice. Naunyn 
Schmiedebergs Arch Pharmacol. 2021;394(3):515-
521.  
DOI: 10.1007/s00210-020-01990-3  

26. Amirteimoury M and Fatemi I. Myrtenol protects 
against acute kidney injury induced by cisplatin in 
mice. Res J Pharmacogn. 2023;10(3):5-13.  
DOI: 10.22127/rjp.2023.381705.2041. 

27. Yüce A, Ateşşahin A, Ceribaşi AO, and Aksakal M. 
Ellagic acid prevents cisplatin-induced oxidative stress 
in liver and heart tissue of rats. Basic Clin Pharmacol 
Toxicol. 2007;101(5):345-349.  
DOI: 10.1111/j.1742-7843.2007.00129.x. 

28. Ahangarpour A, Heidari H, Mard SA, Hashemitabar 
M, and Khodadadi A. Progesterone and cilostazol 
protect mice pancreatic islets from oxidative stress 
induced by hydrogen peroxide. Iran J Pharm Res. 
2014;13(3):937-944. 
PMID: 25276194. 

29. Saeed ZM, Khattab MI, Khorshid NE, and Salem AE. 
Ellagic acid and cilostazol ameliorate amikacin-
induced nephrotoxicity in rats by downregulating 
oxidative stress, inflammation, and apoptosis. Plos 
One. 2022;17(7):e0271591.  
DOI: 10.1371/journal.pone.0271591. 

30. El Awdan SA, Amin MM, and Hassan A. Cilostazol 
attenuates indices of liver damage induced by 
thioacetamide in albino rats through regulating 
inflammatory cytokines and apoptotic biomarkers. Eur 
J Pharmacol. 2018;822:168-176.  
DOI: 10.1016/j.ejphar.2018.01.021.  

31. Fujii T, Obara H, Matsubara K, Fujimura N, Yagi H, 
Hibi T, et al. Oral administration of cilostazol 
improves survival rate after rat liver 
ischemia/reperfusion injury. J Surg Res. 
2017;213:207-214.  
DOI: 10.1016/j.jss.2017.02.020. 

32. Hafez HM, Ibrahim MA, Zedan MZ, Hassan M, and 
Hassanein H. Nephroprotective effect of cilostazol and 
verapamil against thioacetamide-induced toxicity in 
rats may involve Nrf2/HO-1/NQO-1 signaling 
pathway. Toxicol Mech Methods. 2019;29(2):146-152.  
DOI: 10.1080/15376516.2018.1528648. 

33. Yao X, Panichpisal K, Kurtzman N, and Nugent K. 
Cisplatin nephrotoxicity: a review. Am J Med Sci. 
2007;334(2):115-124.  
DOI: 10.1097/MAJ.0b013e31812dfe1e. 

34. Dehnamaki F, Karimi A, Pilevarian AA, Fatemi I, 
Hakimizadeh E, Kaeidi A, et al. Treatment with 
troxerutin protects against cisplatin-induced kidney 
injury in mice. Acta Chir Belg. 2019;119(1):31-37.  
DOI: 10.1080/00015458.2018.1455418.  

35. Ghaznavi H, Mehrzadi S, Dormanesh B, Tabatabaei 
SMTH, Vahedi H, Hosseinzadeh A, et al. Comparison 
of the protective effects of melatonin and silymarin 
against gentamicin-induced nephrotoxicity in rats. J 
Evid Based Complementary Altern Med. 
2016;21(4):49-55.  
DOI: 10.1177/2156587215621672.  

36. Mehrzadi S, Kamrava SK, Dormanesh B, Motevalian 
M, Hosseinzadeh A, Hosseini Tabatabaei SMT, et al. 
Melatonin synergistically enhances protective effect of 
atorvastatin against gentamicin-induced 
nephrotoxicity in rat kidney. Can J Physiol Pharmacol. 
2015;94(3):265-271.  
DOI: 10.1139/cjpp-2015-0277. 

37. Gokce M, Yuzbasioglu MF, Bulbuloglu E, Oksuz H, 
Yormaz S, Altınoren O, et al. Cilostazol and diltiazem 
attenuate cyclosporine-induced nephrotoxicity in rats. 
Transplant Proc. 2012;44(6):1738-1742.  
DOI: 10.1016/j.transproceed.2012.04.025. 

38. Lee WC, Chen HC, Wang CY, Lin PY, Ou TT, Chen 
CC, et al. Cilostazol ameliorates nephropathy in type 1 
diabetic rats, involving improvement in oxidative 
stress and regulation of TGF-Beta and NF-kappaB. 
Biosci Biotechnol Biochem. 2010;74(7):1355-1361.  
DOI: 10.1271/bbb.90938. 

39. Lee YJ and Eun JR. Cilostazol decreases ethanol-
mediated TNF alpha expression in RAW264.7 murine 
macrophage and in liver from binge drinking mice. 
Korean J Physiol Pharmacol. 2012;16(2):131-138.  
DOI: 10.4196/kjpp.2012.16.2.131. 

40. Chirino YI, Sanchez-Gonzalez DJ, Martinez-Martinez 
CM, Cruz C, and Pedraza-Chaverri J. Protective effects 
of apocynin against cisplatin-induced oxidative stress 
and nephrotoxicity. Toxicology. 2008;245(1-2):18-23.  
DOI: 10.1016/j.tox.2007.12.007. 

41. Saleh S and El-Demerdash E. Protective effects of L-
arginine against cisplatin-induced renal oxidative 
stress and toxicity: role of nitric oxide. Basic Clin 
Pharmacol Toxicol. 2005;97(2):91-97.  
DOI: 10.1111/j.1742-7843.2005.pto_114.x.

 


