Possible Protective Potential of Silymarin and Wheat Germ Oil in Cisplatin-induced Nephrotoxicity in Male Albino Rats
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ABSTRACT:   
Background and Objectives: Cisplatin (CP)-induced nephrotoxicity is one of the most common side effects encountered in cancer patients. The nephroprotective effect of silymarin and/or wheat germ oil was evaluated in rats with CP-induced acute renal damage, in which generation of reactive oxygen species plays a major role. 

Methods: Rats were treated with CP (20 mg/kg b.w., single dose, intraperitoneally) alone or with silymarin (50 mg/kg, intraperitoneally) and/or wheat germ oil (81 mg/kg, by gavage). Nephrotoxicity was assessed, 5 days after the CP treatment, by measuring serum urea and creatinine, in addition to tissue biomarkers of oxidative stress (thiobarbituric acid reactive substances (TBARS) and reduced glutathione (GSH) levels, and catalase (CAT), glutathione peroxidase (GPx), glutathione-S-transferase (GST) and superoxide dismutase (SOD) activities) as well as histopathology of kidney.
Results: Rats insulted with CP showed marked nephrotoxicity as indicated by the significant elevation in serum urea and creatinine and marked histopathological changses. In addition, CP violated the antioxidant status as evidenced by increase in lipid peroxidation in kidney tissue as well as decrease GSH and activities of SOD, catalase, GPx and GST. Whereas pretreatment with silymarin alone protected the rats from CP-induced nephrotoxicity, administration of wheat germ oil with silymarin more effectively protected the rats from CP-induced insult than silymarin alone, as evidenced by a significant improvement of the above parameters of kidney functions and markers of oxidative stress as well as attenuation of histopathological alterations. 
Interpretation and Conclusion: The present data indicate that silymarin and wheat germ oil administration, particularly in combination, significantly reverses CP-induced nephrotoxicity in albino rats. 
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INTRODUCTION:
Cisplatin [cis-dichlorodiamine-platinum(II)] is an antineoplastic agent clinically used in the treatment of various solid tumors such as testis, ovary, urinary bladder, prostate, head, and neck cancers. However, despite its excellent anticancer activity, its clinical use is limited because of severe nephrotoxicity (Arany and Safirstein, 2003). Acute renal failure has been observed after a single dose of cisplatin (Heidemann et al.,, 1989). More than 25% of patients develop acute renal failure after receiving an initial dose of cisplatin due to its preferential accumulation within the proximal tubular epithelial cells (Gonzalez et al.,, 2004 and Ramesh and Reeves, 2005). Several factors including inflammation, genotoxic damage and cell cycle arrest have been incriminated in the pathogenesis of cisplatin nephrotoxicity (Price et al.,, 2004; Ramesh and Reeves, 2004). There is a substantial evidence supporting the role of reactive oxygen species (ROS) and lipid peroxidation in renal damage that develops in response to cisplatin (Arany and Safirstein, 2003; Vickers et al.,, 2004; Shimeda et al.,, 2005 and Behling et al.,, 2006). Also, several studies have demonstrated the protective effect of antioxidants in cisplatin-induced nephrotoxicity (Somani et al.,, 2000; Antunes et al.,, 2001 and Jiang et al.,, 2007).

Silymarin, an antioxidant flavonoid complex, possesses a powerful free radical scavenging properties (De Groot and Raven, 1998 and Kren and Walterova, 2005). It is a purified extract from milk thistle plant (Silybum marianum) composed of a mixture of four isomeric flavonolignans; silibinin which is the main active component, isosilibinin, silydianin and silychristin (Crocenzi and Roma, 2005). Seeds of S. marianum have been used for more than 2000 years to treat liver and gall bladder disorders, including hepatitis, cirrhosis and jaundice and to protect the liver against poisoning from chemicals, environmental toxins, snake bites, insect stings, mushroom poisoning and alcohol ((Flora et al.,,1998 and Kren and Walterova, 2005). It is also reported to offer protection against chemical hepatotoxins such as CCl4 (Muriel and Mourelle, 1990), acetaminophen (Muriel et al.,, 1992), phalloidin, galactosamine and thioacetamide (Fraschini et al.,, 2002) and alcoholic liver diseases (Feher et al.,, 1989).

 In addition, as antioxidant, silymarin regulates the intracellular contents of the reduced glutathione (GSH) and chelates metal ions (iron and copper) (Hikino and Kiso, 1988; Muzes et al.,, 1990 and Borsari et al.,, 2001). Silymarin is used as a standard agent for comparing hepatoprotective effects of plant principle due to its proven hepatoprotective property (Dhiman and Chawla, 2005). Recently, silymarin received attention due to its alternative beneficial activities as hypocholesterolemic and cardioprotective agent (Kren and Walterova, 2005).


Wheat germ oil is a valuable source of essential fatty acids, including linoleic acid and alpha-linolenic acid, as well as octacosanol and natural vitamin E complex (alpha and beta tocopherols) which may be beneficial by increasing endurance, lowering cholesterol levels, oxygenating tissues and reducing high altitude stress (Vicky et al.,, 2004). Previous studies suggested, in particular, that alpha-linolenic acid may exert an anti-inflammatory action by reducing oxidative stress (De Caterina and Massaro, 2005). Vitamin E is well accepted as nature's most effective lipidsoluble, chain-breaking antioxidant, protecting cell membranes from peroxidative damage (Brigelius-Flohe and Traber, 1999 and Zaidi et al.,, 2005). 
Aim of the work

This study was conducted to study the possible protective effects of silymarin, wheat germ oil and their combination on CP-induced toxic biochemical and histological renal changes.
Materials and Methods

Test Materials:                                                                                               
-Cisplatin was supplied by Sigma Chemical Company, USA, as yellow crystalline powder dissolved in normal saline.

-Silymarin instant was supplied by SEDICO pharmaceutical Co., Egypt. It was dissolved in sodium hydroxide pH less than 7.8.
- Wheat germ oil was supplied as a soft gel, and was obtained from ARABO Co for pharmaceutical and Medicinal plants (MEPACO) Egypt. It was dissolved in sesame oil.
Animals:                                                    
        All experimental procedures were conducted in strict compliance with guidelines for  Care and Use of Laboratory Animals in Biomedical Research as promulgated by the United States National Institutes of Health (1985), as well as the Guidelines of the animal Welfare Act.  
Forty-two male albino rats of Wister strain weighing 121-159 g  were used for this study. They were obtained from Helwan Breeding Farm, Cairo, Egypt.  They were selected for use on the basis of adequate body weight gain and freedom from any clinical signs of disease or injury. All animals were identified by tail markings with indelible ink which lasted the duration of the study. They were kept at room temperature on normal light/dark cycle, and provided commercial food and tap water, ad libitum. Six animals were housed in each metallic cage on a bedding of wood chips and were allowed to acclimatize to the new environment for 2 weeks prior to initiation of treatment.
Experimental Design:


After acclimatization, the rats were randomly and equally divided into seven experimental groups "6 rats per each group":

Group- I: The rats in this group received saline and sodium hydroxide pH less than 7.8 (intraperitoneally)  and sesame oil orally at equivalent volumes of that of the test drugs (negative control group). 
Group- II: The rats in this group received silymarin which was  injected (intraperitoneally) with a dose of 50 mg/kg b.w. Silymarin was dissolved in sodium hydroxide at pH less than 7.8 (Skottova et al.,, 1998). 
Group- III: The rats in this group received wheat germ oil "81 mg/kg b.w. in 1 ml sesame oil by gavage" (Said and Azab, 2006).
Group- IV: The rats in this group received cisplatin "20 mg/kg b.w., single dose, intraperitoneally' (Ramesh and Reeves, 2005). 
Group- V: The rats in this group received silymarin (50 mg/kg b.w.) plus cisplatin (20 mg/kg b.w.). Silymarin was given 2 h before cisplatin injection (Karimi et al., 2005).
Group- VI: The rats in this group received wheat germ oil (81 mg/kg b.w.) plus cisplatin (20 mg/kg b.w.). Wheat germ oil was given for 10 successive days before and 5 days after cisplatin injection (Said and Azab, 2006). 
Group- VII: The rats in this group received silymarin (50 mg/kg b.w., 2 h before cisplatin injection), wheat germ oil (81 mg/kg b.w., for 10 successive days before and 5 days after cisplatin injection ), and cisplatin (20 mg/kg b.w.). 
Five days after cisplatin administration, animals were sacrified by cervical dislocation. Blood (2 ml) was collected by cardiac puncture into sterilized tubes prior to necropsy and serum was separated and used for the assessment of kidney functions. Then, the kidneys were dissected out, rinsed in ice-cold saline, patted dry for subsequent measurement of oxidative stress biomarkers and histopathological assessment of tissue damage.
Histopathological study:

The kidney sections were fixed in 10% formalin and embedded in paraffin. Microtome sections of 4 μm thickness were prepared and stained with hematoxylin and eosin (H & E) (Drury and Wallington, 1980). Stained sections were  observed under a photomicroscope (Model N -400ME, CEL-TECH Diagnostics, Hamburg, Germany).

Serum biochemical parameters:

Clotted blood samples were centrifuged and the serum was removed by aspiration for subsequent determination of kidney functions. Samples were analysed within the same working day using the commercial diagnostic kits of Boehringer Mannheim GmBH (Germany):

· Estimation of serum urea according to Sampson et al., (1980).
· Estimation of serum creatinine according to Heinegard and Tiderstrom (1973).
· Estimation of serum uric acid according to Trivedi et al., (1978).   
Tissue biomarkers of oxidative stress:


The kidney homogenate was used for lipid peroxidation products as well as antioxidant assays as follows:
· Thiobarbituric acid reactive substances (TBARS) released from endogenous lipid peroxides reflecting the lipid peroxidation process were assayed in renal tissue by the method of Fraga et al., (1988).

· Reduced glutathione (GSH) levels were determined according to the method of Baker et al., (1990).
· The activity of superoxide dismutase (SOD) was assayed by the method of Kakkar et al., (1984).
· The activity of catalase was assayed by the method of Sinha (1972).

· The activities of glutathione peroxidase (GPx) and glutathione-S-transferase (GST) were assayed by the method of Rotruck et al., (1973) and Habig et al., (1974) respectively.

Protein content in tissue homogenate was measured by the method of Lowry et al., (1959).

Statistical analysis:
Statistical analysis was performed on IBM/PC using SPSS statistical software package version 10. Both  statistical analysis and tabulation were done according to Knap and Miller (1992). The analysis of variance (ANOVA) test was used to detect statistical significance between the different studied groups. The Tukey HSD post-hoc tests were applied in post hoc analysis when needed. The level of significance was set at p <0.05.  

ResultS:

Biochemical Results:

        In the control groups, no significant differences were observed between negative (Group-I) and positive (Groups-II and -III) controls as regards kidney function tests (Table-1).  

         In CP-treated rats (Group-IV), there was a significant elevation in the mean values of serum urea, creatinine as well as uric acid when compared to control rats (Table-1).  

        On the other hand, rats treated with silymarin (Group-V) or wheat germ oil (Group-VI) or both (Group-VII) before CP showed a significant improvement of kidney functions in comparison with CP-treated rats (Group-IV), but this improvement did not reach the levels of the control groups except in Group-VII (Table-1). 

Regarding renal antioxidant status: there was a decrease in the mean levels of TBARS in the positive control groups (Groups-II and -III), whereas the levels of GSH and activities of SOD, catalase, GPx and GST were increased in tissues following silymarin and wheat germ oil administration compared to negative control group (Group-I). However, these changes do not reach a significant level (Table-2).

There was a significant elevation in renal TBARS in CP-treated rats (group-IV) compared to the corresponding control groups. However, renal TBARS significantly decreased in rats treated with silymarin (Group-V) or wheat germ oil (Group-VI) or both (Group-VII) before CP. Meanwhile, rats of Group-V and Group-VII showed comparable TBARS levels to that of control rats (Table-3). 
The level of GSH and activities of SOD, catalase, GPx and GST were significantly  reduced with CP- treatment compared to the corresponding control groups. Rats treated with silymarin and wheat germ oil simultaneously (Group-VII) showed a significant increase of the activities of catalase, GPx and GST in the kidneys of CP-intoxicated rats, to levels comparable to that of control rats. Administration of either silymarin or wheat germ oil alone resulted in non-significant increase of the activities of catalase, GPx and GST in the kidneys of CP-intoxicated rats (Tables-4-8).
Administration of silymarin or wheat germ oil or both, resulted in non-significant increase in GSH concentration as well as SOD enzyme activity in the kidneys of CP-intoxicated rats (Tables-4-5).
Histopathological Findings:
The normal structure of kidney sections were apparent in the control groups with thin glomerular basement membrane, normal cellularity and patent capsular space and normal proximal and distal tubules, interstitium and blood vessels (Figure 1). The injection of cisplatin produced proximal and distal tubular necrosis, mainly in the corticomedullary region and intratubular casts in the outer strip of the outer medulla (Figure 2).

Rats treated with silymarin (Group-V) or wheat germ oil (Group-VI) or both (Group-VII) before CP- treatment showed signs of improvement seen in the cortex and Bowman's space. This improvement was best seen in Group-VII  (Figure 3). 
Table-1: Mean values of kidney function tests in the studied groups.
	         Variable

Groups   
	Urea 
(mg/dl)
	Creatinine (mg/dl)
	Uric Acid (mg/ml)

	
	Means
	S.D.
	Means
	S.D.
	Means
	S.D.

	Group I
	28.99
	5.74
	0.66
	0.12
	3.63
	0.89

	Group II
	24.89  b
	3.69
	0.77 b
	0.18
	4.02 b
	1.19

	Group III
	27.87  b
	1.64
	0.81 b
	0.25
	3.75 b
	0.82

	Group IV
	58.04   a
	10.42
	1.83 a
	0.28
	7.69 a
	1.23

	Group V
	42.35 ab
	7.97
	1.14 ab
	0.15
	6.35 a
	0.98

	Group VI
	38.28  b
	5.68
	1.10 ab
	0.16
	6.91 a
	1.25

	Group VII
	33.35  b
	3.54
	1.02 b
	0.37
	5.33 b
	0.87

	F
	18.235
	16.443
	1.123

	P
	< 0.001 *
	< 0.001 *
	< 0.001 *


aSignificantly different from Group-I by Tukey HSD post-Hoc test.


bSignificantly different from Group-IV by Tukey HSD post-Hoc test.
*= significant.

Table-2: Lipid peroxidation and antioxidant status in kidneys of the studied groups.
	         Variable

Groups   
	TBARS (m mol/L per 100 g tissue)
	GSH (mg/ per 100 g tissue)
	SOD (U/mg protein)

	
	Means
	S.D.
	Means
	S.D.
	Means
	S.D.

	G I
	1.22
	0.11
	34.62
	4.04
	13.74
	2.89

	G II
	1.19
	0.16
	34.98
	5.32
	14.43
	2.65

	G III
	1.16
	0.27
	34.99
	6.34
	11.87
	3.32

	G IV
	2.61
	0.33
	17.68
	3.14
	6.47
	2.49

	G V
	1.54
	0.21
	22.55
	4.01
	8.57
	1.95

	G VI
	1.81
	0.33
	21.92
	3.78
	8.14
	1.87

	G VII
	1.53
	0.22
	24.20
	3.14
	9.11
	1.98

	F
	18.835
	11.443
	8.123

	P
	< 0.001 *
	< 0.001 *
	< 0.001 *

	         Variable

Groups   
	CAT (U/mg protein)
	GPx (U/mg protein)
	GST (U/mg protein)

	
	Means
	S.D.
	Means
	S.D.
	Means
	S.D.

	G I
	47.48
	6.04
	7.04
	1.62
	6.41
	1.16

	G II
	52.17
	2.86
	6.65
	0.57
	5.89
	1.23

	G III
	48.07
	7.03
	7.07
	0.91
	5.67
	0.73

	G IV
	12.16
	6.77
	1.81
	1.07
	1.45
	0.86

	G V
	23.13
	11.24
	4.11
	1.47
	3.29
	1.18

	G VI
	15.07
	7.08
	2.71
	1.02
	2.17
	0.82

	G VII
	39.00
	14.39
	6.53
	2.14
	5.24
	1.72

	F
	14.605
	13.443
	14.883

	P
	< 0.001 *
	< 0.001 *
	< 0.001 *


TBARS : thiobarbituric acid reactive substances
GSH: reduced glutathione

SOD: superoxide dismutase



GST: glutathione-S-transferase

CAT: catalase





GPx: glutathione peroxidase


Table-3: Lipid peroxidation (TBARS) (m mol/L/100g tissue) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	1.224
	1.187
	1.158
	2.602
	1.535
	1.815
	1.532

	Group I
	
	0.9999
	0.9999
	0.0002*
	0.4804
	0.0086*
	0.4945

	Group II
	0.9999
	
	0.9999
	0.0002*
	0.3236
	0.0041*
	0.3355

	Group III
	0.9999
	0.9999
	
	0.0002*
	0.2237
	0.0023*
	0.2332

	Group IV
	0.0002*
	0.0002*
	0.0002*
	
	0.0002*
	0.0003*
	0.0002*

	Group V
	0.4804
	0.3236
	0.2237
	0.0002*
	
	0.6875
	0.9999

	Group VI
	0.0086*
	0.0041*
	0.0023*
	0.0003
	0.6875
	
	0.6743

	Group VII
	0.4945
	0.3355
	0.2332
	0.0002*
	0.9999
	0.6743
	


* Significant

Table-4: Reduced glutathione (GSH) (mg/100g tissue) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	51.111
	53.092
	51.682
	15.871
	41.450
	25.751
	47.407

	Group I
	
	0.9999
	0.9999
	0.0002*
	0.4629
	0.0002*
	0.9974

	Group II
	0.9999
	
	0.9999
	0.0002*
	0.2162
	0.0002*
	0.9487

	Group III
	0.9999
	0.9999
	
	0.0002*
	0.3816
	0.0002*
	0.9923

	Group IV
	0.0002*
	0.0002*
	0.0002*
	
	0.0002*
	0.4310
	0.0002*

	Group V
	0.4629
	0.2162
	0.3816
	0.0002*
	
	0.0236*
	0.9325

	Group VI
	0.0002*
	0.0002*
	0.0002*
	0.4310
	0.0236*
	
	0.0005*

	Group VII
	0.9974
	0.9487
	0.9923
	0.0002*
	0.9325
	0.0005*
	


* Significant

Table-5: Superoxide dismutase (SOD) (U/mg Protein) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	13.741
	14.429
	11.871
	6.466
	8.569
	8.142
	9.098

	Group I
	
	0.9999
	0.9372
	0.0003*
	0.0163*
	0.0067*
	0.0459*

	Group II
	0.9999
	
	0.7057
	0.0002*
	0.0038*
	0.0015*
	0.0118*

	Group III
	0.9372
	0.7057
	
	0.0101
	0.3598
	0.2070
	0.6044

	Group IV
	0.0003*
	0.0002*
	0.0101*
	
	0.8797
	0.9678
	0.6714

	Group V
	0.0163*
	0.0038*
	0.3598
	0.8797
	
	0.9999
	0.9999

	Group VI
	0.0067*
	0.0015*
	0.2070
	0.9678
	0.9999
	
	0.9995

	Group VII
	0.0459*
	0.0118*
	0.6044
	0.6714
	0.9999
	0.9995
	


* Significant

Table-6: Catalase (CAT) (U/mg Protein) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	47.484
	52.169
	48.068
	12.163
	23.126
	15.068
	38.995

	Group I
	
	0.9983
	0.9999
	0.0002*
	0.0047*
	0.0002*
	0.9058

	Group II
	0.9983
	
	0.9994
	0.0002*
	0.0005*
	0.0002*
	0.4410

	Group III
	0. 9999
	0.9994
	
	0.0002*
	0.0035*
	0.0002*
	0.8664

	Group IV
	0.0002*
	0.0002*
	0.0002*
	
	0.6890
	0.9999
	0.0013*

	Group V
	0.0047*
	0.0005*
	0.0035*
	0.6890
	
	0.9296
	0.1997

	Group VI
	0.0002*
	0.0002*
	0.0002*
	0.9999
	0.9296
	
	0.0058*

	Group VII
	0.9058
	0.4410
	0.8664
	0.0013*
	0.1997
	0.0058*
	


* Significant

Table-7: Glutathione peroxidase (GPx) (U/mg Protein) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	7.0351
	6.6538
	7.0678
	1.8077
	4.0988
	2.7055
	6.5338

	Group I
	
	0.9999
	0.9999
	0.0002*
	0.0475*
	0.0005*
	0.9999

	Group II
	0.9999
	
	0.9999
	0.0002*
	0.1334
	0.0018*
	0.9999

	Group III
	0. 9999
	0.9999
	
	0.0002*
	0.0432*
	0.0005*
	0.9998

	Group IV
	0.0002*
	0.0002*
	0.0002*
	
	0.2454
	0.9898
	0.0002*

	Group V
	0.0475*
	0.1334
	0.0432*
	0.2454
	
	0.8511
	0.1780

	Group VI
	0.0005*
	0.0018
	0.0005*
	0.9898
	0.8511
	
	0.0026*

	Group VII
	0.9999
	0.9999
	0.9998
	0.0002*
	0.1780
	0.0026*
	


* Significant

Table-8: Glutathione-S-transferase (GST) (U/mg Protein) in kidneys of the studied groups (Tukey HSD post-Hoc test).
	        Mean

Group
	Group I
	Group II
	Group III
	Group IV
	Group V
	Group VI
	Group VII

	
	6.413
	5.886
	5.670
	1.450
	3.288
	2.170
	5.241

	Group I
	
	0.9993
	0.9897
	0.0002*
	0.0032*
	0.0002*
	0.8390

	Group II
	0.9993
	
	0.9999
	0.0002*
	0.0259*
	0.0004*
	0.9964

	Group III
	0. 9897
	0.9999
	
	0.0002*
	0.0563
	0.0007*
	0.9999

	Group IV
	0.0002*
	0.0002*
	0.0002*
	
	0.2840
	0.9918
	0.0003*

	Group V
	0.0032*
	0.0259*
	0.0563*
	0.2840
	
	0.8728
	0.2112

	Group VI
	0.0002*
	0.0004*
	0.0007*
	0.9918
	0.8728
	
	0.0040*

	Group VII
	0.8390
	0.9964
	0.9999
	0.0003*
	0.2112
	0.0040*
	


* Significant
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Fig. -1: A photomicrograph of a section in rat kidney from group I showing the normal kidney architecture  

 
   (H & E X100).
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Fig. -2: A photomicrograph of a section in rat kidney from group IV showing renal tubules with hyaline casts, swelling and vacuolization and proximal tubular necrosis  




   (H & E X100).
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Fig. -3: A photomicrograph of a section in rat kidney from group VII showing:  minimal tubular necrosis   


    (H & E X100).
DISCUSSION
The production of ROS and oxidative stress in kidney tissue have been implicated in the pathogenesis of cisplatin -induced renal injury (Yilmaz et al., 2004) including lipid peroxidation, enzyme inactivation, changes in the cellular non-enzymatic and enzymatic antioxidant system (Ozen et al.,, 2004). The decreased concentration of GSH increases the sensitivity of organ to oxidative and chemical injury. The role of GSH, non-protein thiols in the cells, in the formation of conjugates with electophilic drug metabolites most often formed by cytochrome P-450 linked monooxygenase is well established (Rana et al., 2002). 
Reduced renal GSH can markedly increase the toxicity of cisplatin. The depletion of GSH also seems to be a prime factor that permits lipid peroxidation in the cisplatin treated group. Concomitant treatment of vitamins rendered protection due to the increase in GSH concentration and could protect the renal cells from oxidants' attack(Yilmaz et al., 2004). Experimental studies demonstrated that exogenous GSH could offer protection against cisplatin-induced renal injury. Moreover, the protection of GSH is also by forming the substrate for the GPx activity that can react directly with various aldehyde produced from the peroxidation of membrane lipid (Babu et al., 1995). The decreased SOD activity could cause the initiation and propagation of lipid peroxidation in the cisplatin- treated group. This decreased activity may be either due to loss of copper and zinc, which are essential for the activity of enzyme or due to reactive oxygen species-induced inactivation of enzyme proteins (DeWoskin and Riviere, 1992). The activity of CAT and GPx also decreased in the cisplatin alone treated group, which in turn increased the H2O2 concentration and enhanced the lipid peroxidation. Hence the concentration of MDA, as a result of lipid peroxidation, increased in the cisplatin treated group. Treatment with vitamins prevented the lipid peroxidation by enhancing the renal CAT and GPx activities (DeWoskin and Riviere, 1992).
In the present study, the renal antioxidant status: SOD, CAT, GST and GPx activities, and reduced GSH concentration were significantly decreased in the cisplatin alone treated group of animals compared to the control. The declined antioxidant status partially explains the mechanism of nephrotoxicity induced by cisplatin. The renal accumulation of platinum and covalent binding of platinum to renal protein may also play a role in the nephrotoxicity (Litterst and Schweitzer, 1988). Cisplatin (CP)- induced suppression of renal antioxidant enzyme activity was also supported by the recently published experimental results (Ajith et al., 2002 and Cetin et al., 2006). The involvement of oxidative stress was further supported by the fact that antioxidants such as melatonin (Sener et al., 2002), selenium (Antunes et al., 2000), vitamin E, vitamin C (Appenroth et al., 1997) and diethyldithiocarbamate (Somani et al., 1995) prevented CP-induced nephrotoxicity. In contrary to our results, Pratibha et al., (2006) reported that glutathione peroxidase activity and catalase showed a significant increase after cisplatin therapy.

The injection of cisplatin produced proximal and distal tubular necrosis, mainly in the corticomedullary region. Induction of nephrotoxicity by cisplatin is assumed to be a rapid process involving reaction with proteins in the renal tubules (Montine and Borch, 1990). Because this renal damage occurs within 1 h after administration (Rao and Rao, 1992), it is important that the protective agent is present in renal tissue before damage occurs. This explains giving silymarin and/or wheat germ oil before CP administration in the present study. 
The treatment with silymarin before CP displayed significant change in the oxidative stress marker in kidneys. Urea, creatinine and uric acid levels in sera of the CP groups showed a significant increase when compared with the control group. Silymarin treatment before CP significantly protected against the elevation in urea, creatinine and uric acid levels. Our results are in agreement with previous study that showed silibinin (200 mg/ kg b.w., intravenously), one of the component of silymarin, 1 h before the cisplatin (5 mg/ kg b.w., intraperitoneally) prevented the effects of cisplatin on creatinine clearance and proteinuria, and diminished morphological alteration in proximal tubules (Gaedeke et al., 1996).

The mechanisms by which silymarin ameliorates cisplatin toxicity remain to be elucidated. We supposed that it may inhibit lipid peroxidation by scavenging free radicals and increasing intracellular concentration of glutathione. Previous studies have indicated that superoxide anions inactivate nitric oxide (NO) and that NO-dependent vascular relaxation is enhanced by superoxide dismutase (Rubanyi and Vanhoutte, 1986 and Modlinger et al., 2004). Similar results suggested that silymarin protected against cisplatin-induced renal toxicity (Karimi et al., 2005). In addition, Mansour et al., (2006) has been concluded that silymarin modulated cisplatin-induced oxidative stress and hepatotoxicity in rats. Silymarin pretreatment also normalized ADR-induced increase in kidney MDA and also restored the depleted GSH contents. Similar results were reported with silymarin in a model of cisplatin-induced oxidative stress in the liver (Mansour et al., 2006).

The present results suggest also that the wheat germ oil possesses antioxidative potential that may protect the kidney against CP-induced oxidative toxicity. This protective effect might be mediated , at least in part, by the limitation of culprit free radicals and the amelioration of oxidative stress (Paranich et al., 2000). Wheat germ oil is the richest known natural source of tocopherols and also abundant in B-group vitamins. These are free radical scavengers and might increase intracellular glutathione stores (Attila et al., 2001).  
In conclusion, the present finding suggest that Silymarin and wheat germ oil, specially when given together, protect against acute cisplatin nephrotoxicity and may be considered as potentially useful candidates in the combination chemotherapy with cisplatin. Further investigations could be done on this combination and trying other doses and may be other nutrients to get the most protective benefit.
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التأثير الوقائى المحتمل للسيليمارين و زيت جنين القمح في التأثيرات السامة لعقار السسبلاتين على كلى الفئران البيضاء
خالد عبدالفتاح بيومي1 , محمد عدلي 1, دينا سليمان1 , محمد حافظ مصطفى2 , سعيد محمد سليمان3
من أقسام: الطب الشرعى والسموم1، و الهستولوجيا2- كلية الطب - جامعة القاهرة و المركز القومي لبحوث وتكنولوجيا الإشعاع- هيئة الطاقة الذرية3
تم دراسة الدور الوقائي للسيليمارين و زيت جنين القمح في التأثير السام لعقار السسبلاتين على كلى الفئران البيضاء.   ولهذا الغرض تم تقسيم الفئران الى سبعة مجموعات على النحو التالى :

1- المجموعة الضابطة السالبة
2- المجموعه الضابطة الموجبة المعالجة بالسيليمارين عن طريق الحقن البريتوني (50مجم/كجم).

3- المجموعه الضابطة الموجبة المعالجة بزيت جنين القمح (81مجم/كجم ) بالفم.

4- مجموعة التسمم بالسسبلاتين عن طريق الحقن البريتوني ( 20 مجم/كجم)

5- المجموعه المعالجة بالسيليمارين قبل تجريعها بالسسبلاتين.

6- المجموعه المعالجة بزيت جنين القمح قبل تجريعها بالسسبلاتين.
7- المجموعه المعالجة بالسيليمارين وزيت جنين القمح قبل تجريعها بالسسبلاتين.

وقد خلصت نتائج البحث إلى وجود خلل في دلالات وظائف الكلى وكذا الفحص الهستوباثولوجي للكلى بما يشير إلى التأثير السام لتناول السسبلاتين على الكلى, إلى جانب تأثيره على زيادة نواتج أكسدة الدهون من جانب ونقص تركيز الجلوتاثيون وكذلك نشاط الإنزيمات المضادة للتأكسد من الجانب الآخر. وقد تم التقليل من هذه التأثيرات بدرجة أكبر عند تناول السيليمارين و زيت جنين القمح معاً عنه عند تناول أحدهما منفرداً.  
ويمكن ان تعزى الحماية الناتجة عن تناول السيليمارين أو فيتامين ﻫ الى زيادة الجلوتاثيون وتثبيط أكسدة الدهون الى جانب تقليل الشوارد الحرة المسببة لتسمم الخلايا.
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