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ABSTRACT 
 
Background: Cisplatin (CDDP) is a cytotoxic therapeutic agent that causes many 
physiological adverse effects such as nephrotoxicity. Although N-acetylcystein (NAC) 
a thiol containing antioxidant, has been documented to be effective in attenuating 
CDDP induced renal injury, the precise mechanisms involved in its renoprotection 
have not been completely clarified. Methods: Four groups of albino rats were used. 
The first group injected by saline as control, the second by NAC (i.p.), the third by a 
single bolus of cisplatin (i.v.), and the last by NAC/CDDP, after 5 days from CDDP 
injection, investigations were conducted on the levels of serum urea and creatinine, 
oxidant/antioxidant status by estimation of malondialdehyde, catalase and reduced 
glutathione, and renal and systemic tumor necrosis factor-alpha (TNF-α). Also, renal 
tissues were examined histopathologically. Results: Administration of cisplatin to rats 
induced a significant increase in serum urea and creatinine levels in addition to 
severe alterations in renal tissue architecture. Cisplatin also increased 
malondialdehyde and decreased glutathione, and catalase in renal tissues.  Also, 
CDDP increased both renal and systemic TNF-α. Administration of NAC markedly 
reduced the cisplatin-induced higher serum creatinine and urea levels and 
counteracted the effects of cisplatin on oxidative stress markers, protected the tissues 
from the cisplatin-induced lipid peroxidation, and increased TNF-α and improved 
renal tissue architecture. Conclusion: NAC protection is mediated by preventing the 
decline of antioxidant status, inhibit malondialdehyde and TNF-α and prevent 
necrosis and apoptosis from kidneys. These results have implications in use of NAC in 
human application for protecting against drug-induced nephrotoxicity. 
Keywords: Cisplatin; Nephrotoxicity; Reduced glutathione; Malondialdehyde; 
Catalase; NAC; TNF- α; apoptosis. 

 
INTRODUCTION  

 
Cisplatin, Cis-

diaminedichloroplatinum (CDDP), is 
an effective chemotherapeutic agent 
against multiple human cancers, 
including ovarian and head and neck 
malignancies [1]. 

Although the therapeutic effects of 
cisplatin are improved by dose 
escalation, high-dose therapy is 
limited by its cumulative 
nephrotoxicity[2]. Reports of 
accidental overdose leading to renal 
failure indicate that cisplatin is 
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sufficiently potent to be toxic to 
human [3]. 

The mechanism of cisplatin-induced 
nephrotoxicity is not fully understood, 
but inflammation and oxidative stress 
have been reported in cisplatin-
induced nephrotoxicity [4, 5]. 
Hannemann and Baumann [6], 
reported that CDDP induced a high 
production of the lipid peroxidation 
product malondialdehyde (MDA), 
indirectly confirming a relationship 
between lipid peroxidation and 
platinum compound-induced 
nephrotoxicity. Ajith, et al. [5], 
reported that upon CDDP 
administration, reduced glutathione 
(GSH) content and catalase (CAT) 
activity are decreased.  

 Cytokines, particularly tumor 
necrosis factor-α (TNF-α), appear to 
contribute to cisplatin-induced renal 
injury and to coordinate the activation 
of a large network of chemokines and 
cytokines in the kidney following 
cisplatin injection  ]٧ ]. So, inhibition of 
TNF-α production or its activity 
reduces cisplatin-induced renal 
dysfunction and structural damage[8]. 

A number of anti-inflammatory and 
antioxidant agents, such as curcumin, 
vitamin C, and vitamin E, provide 
protective effects against cisplatin–
induced nephrotoxicity[5,9]. Although 
N-Acetyl cysteine (NAC) a thiol-
containing antioxidant, has been 
documented to be effective in 
attenuating renal injury induced by 
CDDP, the precise mechanisms 
involved in its renoprotection have not 
been completely clarified [10].  
Aim of the work 

The present study was conducted to 
evaluate the protective effect of NAC 
on cisplatin- induced nephrotoxicity 

by evaluating renal functions, 
oxidant/antioxidant  status of the 
kidney tissues (in the form of catalase, 
MDA, reduced glutathione levels), 
renal and systemic TNF-α  and renal 
histopathology in albino rats.   
 
MATERIALS & METHODS 

 
Animals 

A total of 40 male albino rats 
weighing 200 ± 25 g were included in 
the current study and divided into four 
groups each of ١0 rats. Each group 
was housed in separate metal cage and 
provided with standard rat chow and 
drinking water ad libitum. 
Drugs and design of work 

Group I was given intraperitoneal 
injection of saline once daily (vehicle 
of NAC) as a control , group II was 
treated by intraperitoneal injection of 
250 mg/kg of NAC once daily, 
according to Luo et al. (2008) [10], 
(NAC was obtained from Sedico 
Pharma Co. for Pharmaceuticals, in 
powder form and dissolved in saline). 
Group III received a single bolus 
injection of cisplatin, 5mg/kg i.v. 
(MERCK génériques) via the tail vein 
under light ether anaesthesia to induce 
acute renal failure [10]. Group IV 
treated with intraperitoneal injection 
of NAC (250 mg/kg) once daily, at the 
second day, rats of that group were 
injected by a single bolus of cisplatin, 
5m/kg, i.v., i.e. saline and NAC were 
given daily for one week, while 
CDDP was given as one single bolus 
dose. After five days from cisplatin 
injections, rats were sacrificed by 
decapitation and blood samples were 
collected into clean tubes and allowed 
to stand at room temperature then 
centrifuged at 5000 rpm for 10 
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minutes to get the clear serum, 
kidneys were also separated from all 
groups for biochemical and 
histopathological analysis.  

The experimental protocol was 
approved by the Ethics Review 
Committee for Animal 
Experimentation of Faculty of 
Medicine, Minia University. 
Biochemical assay: 

Serum urea was determined by 
using a urea enzymatic kit (Bio-
Diagnostic Co., Egypt) and creatinine 
was assayed by creatinine 
kinetic kit (Bio-Diagnostic Co., 
Egypt). 
Determination of renal MDA, GSH 
and CAT (oxidant/antioxidant 
status): 

The renal cortex was separated, and 
subsequently homogenized in 
phosphate buffer saline (PBS) 
containing 0.05% tween-20 and 
protease inhibitor cocktail. The 
homogenate was centrifuged at 5000 
rpm for 10 min at 4ºC. The resulting 
supernatant was used for 
determination of MDA, GSH, catalase 
activity and level of TNF-α. 

Catalase activity was determined by 
measuring the decomposition of 
hydrogen peroxide according to the 
manufacturers' instructions of 
colorimetric assay kit (Biodiagnostic, 
Egypt). The values are expressed as 
U/g tissue. Each unit is defined as the 
amount of the enzyme required to 
decompose 1 µM of H2O2 per minute 
[11]. 

The concentration of MDA as a 
marker of lipid peroxidation (LPO) 
was determined according to the 
method described by Buege and Aust 
[12], which is based on the reaction 

with thiobarbituric acid, and was 
expressed as nmol/ g tissue. 

GSH level was measured in renal 
cortex homogenate using colorimetric 
assay kit (Biodiagnostic, Egypt) 
according to the manufacturer’s 
instruction. The method is based on 
the reduction of 5, 5′-dithiobis (2-
nitrobenzoic acid) with reduced 
glutathione to produce a yellow 
colored compound. The values were 
expressed as mmol/g tissue [13]. 
Measurement of TNF- α level:       

The level of TNF-α in serum and 
renal cortical homogenate was 
determined by using enzyme-linked 
immunosorbent assay (ELISA) kit. 
(KOMA BIOTECH INC. KOREA) 
according to the manufacturer’s 
instructions. A standard curve was 
constructed from standards provided 
by the manufacturer. 
Histopathological examination: 

One kidney of each rat was fixed in 
10% formalin solution and then 
dehydrated in ascending grades of 
alcohol and embedded in paraffin. 
Sections at 4 μm-thickness were 
taken, stained with hematoxylin-eosin 
and evaluated by light microscope. 
The pathologist was blinded to 
treatment and evaluated the kidney 
sections at random for the presence or 
absence of lesion.    
Statistical analysis 

All data are presented as mean+ SD. 
Significant difference among data 
were determined using  one-way 
ANOVA and independent Student’s t 
test with SPSS version 10. P < 0.05 
denoted the presence of statistically 
significant difference 
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RESULTS 
 
Biochemical assay: 

Renal function of rats treated by 
saline and NAC were normal as 
evidenced by normal serum urea and 
creatinine (Table 1). On the other 
hand administration of CDDP to rats 
is found to induce a marked renal 
failure, characterized by significant 
increase in serum urea (172.1±2.33 

mg/dl.) and CR levels (3.48±0.33 
mg/dl.) as compared to normal saline 
(urea: 24± 3.23 and CR: 1.04±0.23 
mg/dl.) and NAC groups (urea: 
24.7±2.31 and CR: 1.22 ± 0.19 
mg/dl.) (table 1). The concentration of 
serum urea and creatinine in group IV 
(NAC+ CDDP) were significantly 
reduced (urea: 61.0±0.23 and CR: 
1.61±0.19 mg/dl.) compared to the 
CDDP group. 

 
Table 1: Effect of NAC, CDDP and CDDP plus NAC on serum urea and creatinine 
levels in rats (values are expressed as mean ± SD)    
Treatment Serum urea mg/dl Serum creatinine mg/dl 
Group I (Saline) 24± 3.23 1.04±0.23 
Group II (NAC) 24.7±2.31 1.22±0.19 
Group III (CDDP) 172.1±2.33* 3.48±0.33* 
Group IV(NAC+CDDP) 61.0±0.23** 1.61±0.19** 
*p<0.05 versus group I and group II 
**p<0.05 versus group III 
 
Table 2: Effect of NAC, CDDP and CDDP plus NAC on renal tissue MDA, GSH 
level and catalase activity (values are expressed as mean ± SD) 
Treatment GSH 

mmol/g tissue 
Catalase 
U/g tissue 

MDA 
nmol/g tissue 

group I (Saline) 11.24±0.13 5.65±0.11 29.7±1.25 
Group II (NAC) 11.33±0.12 5.6±0.12 29.5±1.35 
Group III (CDDP) 7.96±0.30* 2.96±0.25* 46.3±1.49* 
Group IV(NAC+CDDP) 9.4±0.39** 4.47±0.16** 33.6±1.26** 
*p<0.05 versus group I and group II 
**p<0.05 versus group III 
 
Oxidant/antioxidant status of renal 
tissues: Catalase activity and level of 
GSH were significantly decreased 
after CDDP administration as 
compared with saline or NAC groups 
(table 2), while the concentration of 
MDA was found to be elevated in the 
CDDP-treated group (table 2). 
Administration of NAC was found to 
significantly improve the activity of 
catalase and the GSH level in renal 

tissues induced by CDDP (table 2). 
Administration of NAC also inhibited 
the CDDP-induced increase in the 
MDA level (table 2).  
TNF- α level: CDDP evoked a 
considerable increase in TNF-α 
abundance in the kidney and serum. 
Treating the rats with NAC 
significantly lessened the increment 
comparing with saline (control) and 
NAC groups (Fig.1-2). 
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Fig.1 Effect of administration of NAC on CDDP-induced elevation in renal TNF-α 
level. Groups 1: Saline, 2: NAC, 3: CDDP and 4: NAC + CDDP.    
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Fig. 2 Effect of administration of NAC on CDDP-induced elevation in serum TNF-α 
level. Groups 1: Saline, 2: NAC, 3: CDDP and 4: NAC + CDDP.    
 
 
Renal histopathological 
examination: 

Histopathological analysis of 
kidneys of CDDP-treated rats showed 
various grades of tubular necrosis as 
well as apoptotic bodies (Fig 4 A & 
B), compared with kidneys of group I 

and II (Fig.3), a finding that denotes 
irreversible kidney damage. The 
interstitium showed inflammatory 
cellular infiltrate (Fig 4 C) and the 
cells of the renal tubules exhibited 
hydropic degeneration and many of 
their lumenae contained hyaline casts 
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and epithelial debris (Fig.4: A, B, C 
and D). Treatment with NAC 
dramatically improved the CDDP 
nephrotoxicity and this was evidenced 
as mild histopathological changes that 

could be detected in the form of 
interstitial nephritis and mild hydropic 
degeneration, the later represents 
reversible cell injury (Fig.5). 

 

   

 
Fig. 3: Photomicrograph of normal kidney tissue of albino rat represents saline and 
NAC groups 
    

 
Fig. 4: A, B, C and D: Photomicrographs of albino rat kidneys represent CDDP 
group. A & B: shows various grades of tubular necrosis as well as apoptotic bodies. 
C: the interstitium showed inflammatory cellular infiltrate. D: haemorrhage, hyaline 
casts, single cell necrosis and hydropic degeneration. 
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Fig.5: Photomicrograph of albino rat kidney of NAC/CDDP group, showing 
interstitial nephritis and hydropic degeneration. 
 
 

DISCUSSION 
 

Although the exact mechanisms 
underlying nephropathy secondary to 
CDDP have not been well established, 
it has been postulated that cisplatin 
therapy induces oxidative stress, 
principally involving reactive oxygen 
species (ROS) in renal tubular cells 
[14]. Oxidative stress is caused by 
various free-oxygen radicals including 
superoxide anion, hydrogen peroxide 
and hydroxyl radical [15]. The 
interaction of ROS with cellular 
components may result in damage to 
DNA, proteins, and lipids [16]. 

A number of therapeutic agents 
have been evaluated experimentally 
and clinically against CDDP- induced 
nephrotoxicity, but none of them 
proved to be clinically effective as a 
complete protective agent. Nowadays, 
using various antioxidants for 
prophylaxis against toxic nephropathy 
is a current topic of research. Animal 
studies support a protective role of 
antioxidants against many nephrotoxic 
agent-induced renal dysfunction [17-20]. 
Furthermore, in humans, especially 

the use of NAC has been reported to 
show benefits against some drugs 
induced-nephropathy (radio contrast 
substances) [21]. NAC is a precursor of 
L-cystein and glutathione pathway 
and a scavenger of free radicals 
because it interacts with ROS [22]. The 
reactive thiol group on NAC may also 
directly bind to and inactivate 
platinum agents, as has been shown 
with other thiols [23].  Because of its 
favourable side-effect profile, low 
costs and positive results of 
randomized studies, NAC has gained 
favour in clinical practice as a 
preventive therapy.  

In the present study, the role of 
NAC on renal functions, 
oxidant/antioxidant status, renal and 
systemic TNF-α and renal 
histopathology were investigated. A 
single  bolus of intravenous 
administration of 5mg/kg CDDP to 
rats induced significant increase in 
serum urea and creatinine compared 
to saline and NAC treated animals, 
suggesting an acute renal failure, 
which confirmed by disrupted 
architecture of kidney tissues which 
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was in the form of tubular cell 
necrosis, apoptosis, foamy 
degeneration, hyaline casts, 
haemorrhage and interstitial 
inflammation. Dicky et al. [24], also, 
demonstrated that CDDP treatment 
resulted in a consistently high serum 
urea and creatinine in three days and 
that these blood values correlated well 
with renal tubule damage seen 
histologically. Arany and Safirstein 
[25], reported that the kidney 
accumulates CDDP to a higher degree 
than any other organ, resulting in 
necrosis of the terminal portion of the 
proximal tubule and apoptosis in the 
distal nephron. CDDP induces 
apoptosis via activation of caspase 
3[1,26,27]. Caspase-3 can be activated by 
caspase 9, which is activated by the 
release of cytochrome c from the 
mitochondria[28,29]. NAC at 250 mg/kg 
administered before CDDP treatment 
significantly prevented the increase of 
serum urea and creatinine 
concentrations and markedly 
decreased CDDP-induced renal 
dysfunction and organ damage as 
confirmed by biochemical assays and 
histopathological examination. This 
may be explained by that most thiols 
are electrophilic and are thought to act 
as free radical scavengers. Scavenging 
of ROS by thiols protects tubular 
epithelium from caspase activation 
and from cell death [30]. The 
mechanism of protection of NAC may 
also be due to covalent binding of the 
molecule to the platinum, producing 
an inactive complex[31,32]. 
Schweitzer[33], showed that sulphur-
containing compounds may prevent 
CDDP from interacting with target 
molecule, displacing platinum after it 
is bound. 

The balance between oxidants and 
antioxidants is crucial for the 
maintenance of the biological integrity 
of the tissues [34].  

The renal antioxidant status, such as 
CAT and reduced glutathione 
concentrations in this study, are 
significantly decreased in cisplatin 
alone-treated group of animals 
compared to saline and NAC groups. 
This is in agreement with the results 
of Zunino, et al. [35] and Saad and 
Al-Rikabi [36], who suggested that the 
levels of GSH in the kidney are 
significantly reduced by cisplatin 
treatment. The declined antioxidant 
status partially explains the 
mechanism of nephrotoxicity induced 
by cisplatin. The renal accumulation 
of platinum and covalent binding of 
renal protein may also play a role in 
nephrotoxicity [37]. Treatment of NAC 
(250mg/kg) along with cisplatin could 
significantly prevent the depletion of 
that renal antioxidant system. Similar 
results were obtained by Luo et al., 
2008 [10], who reported that NAC not 
only abolished but also significantly 
reversed the GSH decrease induced by 
CDDP. The decreased concentration 
of GSH increases the sensitivity of 
organs to oxidative and chemical 
injury[38]. Studies with a number of 
xenobiotics often produced GSH 
depletion [39]. The depletion of GSH 
also seems to be a prime factor that 
permits lipid peroxidation in cisplatin-
treated group and subsequent toxicity 
[16]. Treatment with NAC rendered 
protection due to increase in GSH 
concentration could protect the renal 
cells from oxidant’s attack. 
Appenroth et al., 1993[40], reported 
that N-acetylcystein, a sulfhydryl 
compound donor that acts by 
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replenishing glutathione, was shown 
to “completely abolish the 
nephrotoxic effects of CDDP”. 

In the current study, CAT activity is 
significantly decreased in cisplatin-
treated rats, a similar result was also 
found by Maliakel, et al. [38]. A study 
done by Colbay, et al. [41], on 
nephrotoxic effect of contrast media, 
suggested that the decrease in 
antioxidant enzyme activities 
(catalyse) in kidney tissues was due to 
over usage or consumption of that 
enzyme due to increased oxidative 
stress. The decreased activity of CAT 
in cisplatin-treated rats, in turn may 
increase the lipid peroxidation [16]. 
Thus, the level of MDA, as a result of 
lipid peroxidation, increased in 
CDDP-treated animals. This result 
also coincides with that of Malaiakel, 
et al. [38]. Hannemann and Baumann 
[6], reported that a high production of 
lipid peroxidation product MDA, 
indirectly confirming the relationship 
between lipid peroxidation and 
platinum compound-induced 
nephrotoxicity.   

 Pretreatment with NAC prevented 
lipid peroxidation (decreased MDA) 
by enhancing the renal CAT activity. 
Luo et al., [10] and Kim et al. [42], 
reported that reduced MDA level was 
responsible for prevention of CDDP 
nephrotoxicity. There is paucity of 
literatures concerning protective effect 
of NAC against CDDP effect on CAT 
and MDA. However, Colbay et al. 
[41], reported that NAC succeeded to 
lower MDA level and enhance CAT 
activity in an experiment studying 
protective effect of NAC against 
contrast media nephropathy. 
Hannemann and Baumann[6], 
reported that other antioxidants such 

as alpha tocopherol or (+)- cyanidanol 
prevented CDDP induced lipid 
peroxidation.  

A crucial role for TNF-α in toxic 
and ischemic acute renal failure has 
been widely recognised [7, 8, 43, 44].  In 
the present study, serum and renal 
tissue TNF-α level increased 
significantly after CDDP treatment. 
Lee et al. [45], reported that CDDP 
stimulates systemic TNF-α and 
Ramesh et al.  [46], reported that 
CDDP stimulates TNF-α secreted by 
kidney epithelial cells. Ramesh and 
Reeves [7], have shown that cisplatin 
nephrotoxicity is characterized by the 
activation of pro-inflammatory 
cytokines and chemokines, and that 
TNF-α plays a central role in the 
activation of these cytokines. Pre-
treatment with NAC in the current 
study reduced overproduction of 
systemic and renal TNF-α. There is a 
paucity of literatures concerning the 
effect of NAC on both systemic and 
renal TNF-α, but Luo et al. [10], 
reported that NAC inhibited TNF-α 
mRNA. Inhibition of TNF-α is 
capable of attenuating CDDP-induced 
renal injury [7], this also explains 
renoprotective effect of NAC. 
Conclusion and recommendations: 

It could be concluded that the 
antioxidant NAC preserve GSH level, 
arrange cellular immunity, prevent 
lipid peroxidation, keep catalase 
activity, inhibit both renal and 
systemic TNF-α and protect renal 
tissues from CDDP toxicity, hence 
show protective effects against 
nephrotoxic agents. So, it might be 
used for protection from CDDP 
nephrotoxicity after modification of 
its dose to fit human use as the dose 
used in the present study was big.    
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 أستيل سيستايين في الحماية من تسمم الكلى بالسيسبلاتين-دور ال ن
  

  cو منال اسماعيل عبد الغني bماجي ماھر رمزي، a*سحر رفعت حبيب
  cوالباثولجي bو الكيمياء الحيوية aأقسام الطب الشرعي والسموم
  جامعة المنيا -كلية الطب

  
ر من . تي تستخدم في علاج السرطانيعتبر عقار السيسبلاتين من أشھر العقاقير ال  ومع ھذا فھو يسبب الكثي

وي ا التسمم الكل الرغم من أن ال ن. الاثار الجانبية الضارة منھ تايين ھو عقارمضاد للأكسدة  -و ب يتايل سيس أس
دور ) يحتوي علي مجموعة الثيول( ذا ال ومعروف أنه يحمي الكلى من التسمم من السيسبلاتين و لكن ميكانيكية ھ
  . تعرف بعد لم

والمجموعة الثانية بعقار ، في ھذا البحث تم حقن فئران التجارب البيضاء بالمحلول الملحي كمجموعة ضابطة
وني -ال ا في الغشاء البريت ة واحة يومي تايين حقن ار السيسبلاتين ، ان اسيتيل سيس ة حقنت بعق والمجموعة الثالث

وي ا ببة للفشل الكل ذيل مس يتيل بجرعة واحدة في وريد ال اري ال ن أس ا بعق م حقنھ رة ت اد  و المجموعة الأخي لح
ا  ات دم منھ م أخذ عين ران و ت ع الفئ ن السيسبلاتين ذبحت جمي ام من حق د خمسة أي سيستايين والسيسبلاتين و بع

توباثو د جميعا لفحص البولينا و الكرياتين و أخذت الكليتان من جميع الحيوانات لفحصھا ھس ا لتحدي لوجيا و معملي
و )لقياس الأكسدة و مضاداتھا(MDA ثنائى الدھيد المالون ،  GSH الجلوتاثيون،  CAT مستوى انزيم الكاتاليز

دم  -و قد وجد أن عقار ال ن.  TNF_αال  اسيتيل سيستايين قد أخفض من نسبة  البولينا و الكرياتين في مصل ال
اقي المجموعاتاللذان قد ارتفعا بدلالة احصائية في  د وجد أيضا أن ال ن. مجموعة السيسبلاتين عنھا في ب -و ق

اسيتيل سيستايين قد رفع من نشاط انزيم الكاتاليز و الجلوتاثيون اللذين قد انخفض مستواھما في قشرة الكلي بدلالة 
ا بدلالة احصائية في قد أرتفع TNF-αو  احصائية في مجموعة السيسبلاتين أما بالنسبة الي ثنائى الدھيد المالون 

ة ال ن ي مجموع ائية ف ة احص ت بدلال د قل ات و ق اقي المجموع ي ب ا ف بلاتين عنھ ة السيس يتيل -مجموع أس
الفحص بالميكروسكوب . سيسبلاتين +سيستايين ي ب و ھذا بالأضافة الى التأثير الضار الذي وجد في انسجة الكل

و الذي قد تحسن بحقن ) و التغيرات الھلامية و غيرھا موت الخلايا و التنكرز(الضوئي في مجموعة السيسبلاتين
ه . ال ن استيل سيستايين ومن ھذه النتائج نستدل علي أن عقار ال ن أستيل سيستايين له دور كمضاد للأكسده و أن

راز ال    ل لاف ي من التلف و   TNF-αمحفز لانتاج الجلوتاثيون و مقل ه يحفظ أنسجة الكل ي أن ذا بالأضافة ال ھ
ار السيسبلاتين للانسان مع التنك ة  ضد عق ارفي الحماي ذا العق رز  و يحمي وظائفھا  و ھذا يدعو الي أستحدام ھ

  .ضبط الجرعة 
 


