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ABSTRACT 
Cisplatin (CP) is one of the most active cytotoxic agents in the treatment of cancer and has 

adverse side effects such as nephrotoxicity and hepatotoxicity. The present study was designed 

to determine the cisplatin induced nephrotoxicity by determining Urea, Creatinine, 

Malondialdehyde (MDA), reduced glutathione (GSH), Glutathione peroxidase (GPx), 

Superoxide dismutase (SOD) and Catalase (CAT) in goat kidney homogenates. A significantly 

(p<0.02) increase in Urea and Creatinine was found. In addition, there was significant 

(p<0.001) increase of MDA. But no significant difference in the non-enzymic antioxidant GSH 

in CP treated tissue homogenate but a less significant (p<0.2) decrease in GPx and significant 

(p<0.001) decrease in SOD and CAT was observed. Thus, excessive ROS production by CP 

causes an antioxidant imbalance which leads to lipid peroxidation and antioxidant depletion. In 

conclusion, CP treatment induces an irreversible kidney injury. 
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INTRODUCTION 

Cisplatin (cis-diamine-dichloroplatinum) is 

a prominent member of the effective broad 

spectrum antitumor drugs. However, its 

clinical usage is restricted due to some 

adverse side effects, such as ototoxicity and 

nephrotoxicity
1-3

.However, at high doses, 

less common toxic effects, such as 

hepatotoxicity, may arise
4-6

. Continued 

aggressive high-dose cisplatin 

chemotherapy necessitates the investigation 

of ways for prevention of the dose limiting 

side effects that inhibit the cisplatin 

administration at tumoricidal doses. In 

several studies, it had been documented 

that injection of CP produced a marked 

decrease in renal blood flow and 

glomerular filtration rate.  

The alterations in the kidney and liver 

functions induced by CP are closely 

associated with an increase in lipid 

peroxidation and reactive oxygen species 

(ROS) in the tissues 
7, 8

. Indeed, some 

recent studies have suggested that oxidative 

stress plays an important role in cisplatin-

induced liver damage 
9-12

. 

ROS such as hydrogen peroxide, hydroxyl 

radical, singlet oxygen, superoxide anion 

and peroxyl radical are formed inside cells 

by exposure to several endogenous and 

exogenous agents, causing damage to many 

important biomolecules that have been 

implicated in several diseases
13

.These 

prooxidants are kept in check by 

endogenous antioxidants, but under disease 

conditions, the balance is shifted in favor of 

prooxidants, leading to oxidative stress. 

Excess ROS causes significant oxidative 

damage by attacking biomolecules such as 
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membrane lipids, DNA and proteins in 

cells
14

.  

The oxidative stress is associated with 

many disease states including neurological 

diseases such as Alzheimer‘s brains and 

Parkinson‘s disease, chronic heart disease, 

and kidney and liver diseases
15

. 

Endogenous antioxidants such as reduced 

glutathione (GSH), glutathione peroxidase 

(GPx), superoxide dismutase (SOD), 

Catalase (CAT) are compounds that act as 

free radical scavengers. These antioxidants 

are electron donors and react with the free 

radicals to form harmless products such as 

water. Therefore, antioxidants protect 

against oxidative stress and prevent 

damage to cells
16

. Thus, the aim of the 

present study was to investigate the 

cisplatin-induced oxidative damages of 

goat kidney by biochemical methods.  

 

MATERIALS AND METHODS 

Sample Collection: 

The kidneys with intact capsules were 

taken from goat in the slaughter house 

approximately 15 to 20 min after 

electrocution; the renal artery and vein 

were flushed with ice-cold Eurocollins, pH 

7.4, consisting of 177mM glucose, 10mM 

NaHCo3, 15 mM Kcl, 42 mM K2HPO4 

and 15 mM KH2PO4 supplemented with 2 

mM glycine. Freshly prepared homogenate 

were mixed with buffer (4mM Cacl2, 1.5% 

BSA). 

Experimental Design: 

The kidney homogenate samples were 

divided into 2 groups: 

Group I:    Control (10% Kidney 

homogenate) 

Group II:   10% Kidney homogenate 

treated with 0.033 mM Cisplatin. 

Chemicals: 

Cisplatin was purchased from Dabur 

Pharmaceuticals Company. All the 

chemicals used were of analytical grade 

and were purchased either from Sigma 

chemical or Qualigens. 

Biochemical Measurements: 

Kidney homogenates were centrifuged for 

15 min at 15000g and then clear 

supernatants were removed for analyses. 

The levels of Urea
17 

and Creatinine
18

 were 

determined and the results were expressed 

in mM/ mg of protein and µM/ mg of 

protein respectively. 

Malondialdehyde (MDA) level
19

 was 

measured and expressed as nmol / mg of 

protein. Measurement of tissue Glutathione 

(GSH)
20

, Glutathione peroxidase (GSH-

Px)
21

, Superoxide dismutase (SOD)
22

, 

Catalase (CAT)
23

 activities were 

performed. The activities of antioxidant 

enzymes were expressed as nmol/ mg of 

protein for GSH, U/ mg of protein for 

GSH-Px, µmol / mg of protein for SOD 

and µmol/ min/ mg of protein for CAT. 

Statistical Analysis: 

Descriptive statistics were calculated for all 

the outcome variables and expressed as 

mean±s.d. The results were analyzed 

statistically according to the Student‘s t-

test. The p values <0.02 were considered as 

significant.  

 

RESULTS 

Effect of Cisplatin in Urea and 

Creatinine levels: 

Table: 1 depicts the levels of urea and 

creatinine. Cisplatin treated samples 

showed significantly (p<0.02) increase 

levels to that of control samples. 

Cisplatin induced changes in MDA and 

GSH: 

Cisplatin treated kidney homogenate 

samples showed significant (p<0.001) 

increase in the levels of MDA and no 

significant difference in the non-enzymic 

antioxidant GSH comparing to control 

samples which has been portraited in 

Table: 2. 

Effect of Cisplatin on Enzymic 

antioxidant parameters: 

Studies on enzymic antioxidants GSH-Px 

showed less significant (p<0.2) decrease 
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and SOD, CAT showed significant 

(p<0.001) decrease in Cisplatin treated 

samples compared to control as depicted in 

Table: 3. 

 

DISCUSSION 

Cisplatin, a platinum co-ordinated 

complex, is a widely used antineoplastic 

agent for the treatment of metastatic tumors 

of the testis, metastatic ovarian tumors, 

lung cancer, advanced bladder cancer and 

many other solid tumors
24

. The efficacy of 

Cisplatin is limited, however, by its dose-

limiting nephrotoxicity
25-27

. The treatment 

of tumor cells with CP provokes several 

responses including membrane 

peroxidation, dysfunction of mitochondria, 

inhibition of protein synthesis and DNA 

damage
28, 29

. Formation of free radicals 

leading to oxidative stress has been shown 

to be one of the pathogenic mechanisms of 

these side effects
30

. 

The present work was undertaken to study 

detailed mechanism of CP-induced 

nephrotoxicity and it was confirmed that 

CP administration to the kidney 

homogenate of goat caused marked 

increase in urea and creatinine which is the 

diagnostic indicators of nephrotoxicity. 

Administration of CP (3mg/kg) to rats 

resulted in significant reduction of body 

weight and elevation of Urea and 

Creatinine levels
31

. Induction of 

nephrotoxicity by CP is assumed to be a 

rapid process involving reaction with 

proteins in the renal tubules
32, 33

. Because 

this renal damage occurs within 1 hr after 

administration
34

. It is important that the 

protective agent is present in renal tissue 

before damage occurs.  

The acute renal failure is indicated by 

increased urea and creatinine level before 

the development of tubular necrosis. These 

parameters are markers of glomerular 

filtration rate. However, it cannot be 

excluded that the enhancement of these 

parameters may be the result of tubular 

obstruction or tubular back leak
35

. It has 

been interpreted as a support of the 

hypothesis that tubular obstruction and 

tubular fluid back leak are not involved in 

the initiation of acute renal failure in this 

model of nephrotoxicity
36

. 

Chronic treatment with cisplatin induced a 

highly significant increase in creatinine and 

significant increase in urea levels
37

. 

Histologically, they observed the acute 

toxic tubular necrosis after CP 

administration which was similar to that 

produced in intoxication by mercury or 

cadmium
38

 suggesting that CP nephropathy 

may be attributable ultimately to the 

toxicity of the platinum molecules which 

induce damage in the proximal tubular 

cells. 

Lipid peroxidation was monitored by 

measuring MDA resulting from free radical 

damage to membrane components of the 

cells. A moderate increase in the MDA 

concentration was observed in the kidney 

tissue of rats treated with CP alone. 

Previous studies indicate an important role 

of ROS in the pathogenesis of the 

nephrotoxicity by CP 
39-41

. CP induced free 

radical production causing oxidative renal 

damage. However, in contrast to the former 

studies on acute nephrotoxicity induced by 

cisplatin in rats, little has been done to 

investigate the role of ROS in the 

development of chronic nephrotoxicity 

induced in rats by this drug
42

. But his study 

revealed no detectable renal production of 

ROS in rats with chronic renal failure, thus, 

the role of lipid peroxidation and its 

position in the chain of events that leads to 

Cisplatin nephrotoxicity still remains 

controversial. Various free radical 

scavengers have been shown to be effective 

in protection against CP- induced 

nephrotoxicity
43

. 

The present study, CP showed significant 

increase in MDA. The mechanism by 

which Cisplatin causes renal damage is 

unclear, however, it has been postulated 
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that oxidative stress is involved in this 

process 
44-47

.  

Reduced glutathione has a multiple role as 

an antioxidant agent. It functions as a 

scavenger of ROS, including hydroxyl 

radicals, singlet oxygen, nitric oxide and 

peroxynitrite
48

. Data of our study indicate 

that GSH has no significant decrease after 

Cisplatin administration. Cisplatin may 

bind with the sulf-hydryl group of GSH 

and may substantially decrease the 

availability of GSH to scavenge free 

reactive oxygen metabolites. The Ciaplatin 

SH complex may also disrupt in lipid 

peroxidation and mitochondrial damage. 

Several studies demonstrated that cisplatin 

induced acute nephrotoxicity is mediated 

by depletion of renal GSH and by impaired 

activity of GPx as well as an increase in 

renal lipid peroxidation 
49-53. 

Reactive 

Oxygen species (ROS) generated are 

immediately detoxified by major scavenger 

enzymes such as GPx, SOD and CAT. 

However, excessive production of ROS by 

Cisplatin causes antioxidant imbalance and 

leads to lipid peroxidation and antioxidant 

depletion. In our study, the major 

scavenger enzymes activities (GPx, SOD 

and CAT) were significantly decreased in 

kidneys of cisplatin treated samples. Our 

findings are similar to results of other 

investigators for kidney tissues which are 

incubated invitro with cisplatin caused low 

levels of antioxidant enzymes 
54-56

. 

 

CONCLUSION 

In conclusion, our invitro study on cisplatin 

hypothesizes that, CP administration cause 

nephrotoxicity by suppressing antioxidant 

defense mechanism. Thus supplementation 

of vitamins during CP therapy may prevent 

damage to renal tubules by regulating 

oxidation- reduction potential of the cell. 
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TABLE 1: Effect of Cisplatin in Urea and Creatinine levels of goat kidney homogenates 

 

GROUPS 
   UREA 

(mM/ mg of protein) 

CREATININE 

(µM/ mg of protein) 

Control 5.2±0.64 120±4.9 

Cisplatin treated samples 29.8±19.9
$
 260±40* 

Values were expressed as mean±s.d. *p<0.001, 
$
p<0.02 by Student’s T-test. 

 

 

TABLE 2: Cisplatin-induced changes in MDA and non-enzymatic antioxidant parameter 

in goat kidney homogenates 

 

 Values were expressed as mean±s.d. *p<0.001, 
ns

 p<0.5 by Student’s T-test. 

 

 
TABLE 3: Cisplatin-induced changes on enzymatic antioxidant parameters in goat 

kidney homogenates 

 

GROUPS 
GSH-Px 

(U/ mg of protein) 

SOD 

(µmol / mg of protein) 

CAT 

(µmol/ min/ mg of 

protein) 

Control 12.2±2.6 
 

16.14±0.30 
181.05±0.41 

Cisplatin treated 

samples 
10.4±1.3

#
 

 

7.8±0.42* 
124±0.23* 

Values were expressed as mean±s.d. *p<0.001, 
#
p<0.2 by Student’s T-test. 

 

 

 

 

 

 

 

 

 

 

GROUPS 
MDA 

(nmol / mg of protein) 

GSH 

(nmol/mg of protein) 

Control 1.28±0.15 9.8±2.1 

Cisplatin treated samples 1.57±0.13* 9±2.4
 ns

 


