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Abstract




Nephrotoxicity is a common adverse effect of many chemotherapeutic agents characterized by altered intraglomerular hemodynamics, tubular cell toxicity, inflammation, and thrombotic microangiopathy. Chemotherapy-induced tubular toxicity might be due to decreasing of mitochondrial function, interfering with tubular transport, increasing oxidative stress, and formation of free radicals. Cisplatin is an anticancer agent used largely in treatment of solid tumors. The mainstay dose-limiting toxicity of cisplatin is nephrotoxicity. In this study, we aimed to investigate the protective effects of Ziziphus jujube (ZE), a species of Ziziphus (L) in the buckthorn family Rhamnaceae, on cisplatin-induced nephrotoxicity. Twenty Sprague- Dawely rats were divided into four groups and received different drug combinations orally. Group I was regarded as control group and received normal saline. Group II received cisplatin at 5mg/kg, group III received ZE at 500mg/kg, and group IV received both cisplatin and ZE. All animals were decapitated 6 days after cisplatin administration. Results revealed that cisplatin induced nephrotoxicity as indicated by a significant increase in plasma creatinine and lipid peroxidation. This increase was significantly inhibited in animals pretreated with ZE. Histopathological observations were in correlation with the biochemical parameters in that ZE minimized cisplatin-induced renal tubular damage. Accordingly, ZE provides protection against cisplatin-induced nephrotoxicity in terms of oxidative stress.
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Introduction










Cancer is a group of diseases in which cells in the body divide abnormally. The cancerous cells may occur in liquids, as in leukemia or can invade surrounding tissues and spread through the blood and lymph system and establish colonies to other parts of the body. When these cells have migrated to other regions in the body, the cancer is called disseminated or metastasized [1], there are various types of cancer depend on its location, such as lung, colon, breast, skin, ovarian or prostate cancer [2]. Localized cancers can be removed by surgery or irradiation with high survival rates. But, the success of these treatments is frequently limited by metastasis of cancer cells to distant body. So, it necessitates administrating chemotherapeutic drugs to attempt to kill tumor cells throughout the body [3]. Unfortunately, the drugs available for use in chemotherapy are not specific for cancer cells. Most chemotherapeutic agents act either by damaging DNA or by interfering with DNA synthesis. They kill all rabidly dividing cell- not only cancer cells, but also the normal cells that are undergoing cell division [4]. Also, multidrug resistant (MDR) phenotype is a major problem in patients treated with certain natural chemotherapeutic drugs [5].



In general, there are four major classes of drugs which are useful in blocking the synthesis of proteins or enzymes. These are



a)	Alkylating agents,



b)	The antimetabolites,


c)	The steroid hormones, and


d)	Miscellaneous compounds with specific blocking effects.



Alkylating agents are the largest group of DNA- damaging drugs, which react chemically with DNA molecules, such as cyclophosphamide, melphalan and mechlorethamine [3]. Cisplatin (cis-diamine-dichloroplatinum) is a nonclassical alkylating agent having the broadest range of clinical activity and the most substantial toxicity profile. Cisplatin-based therapy is curative in testicular cancer and is very active in gynecologic cancer, gastrointestinal malignancies, bladder, head and neck, oesophageal, small cell lung and ovarian cancers [5,6]. It has a harmful side effect profile including nephrotoxicity and ototoxicity [7,8]. These side effects were primarily mediated by the generation of reactive oxygen species [9].



Cisplatin is one of the most potent chemotherapy drugs widely used for cancer treatment. The discovery of cisplatin, cis- or CDDP) as an anti-cancer drug in the 1960s opened a new era in cancer treatment [10]. The main dose limiting side effects of cisplatin are gastrointestinal toxicity like nausea vomiting and anorexia also cisplatin introduce ototoxicity which cause loss in sensorial hearing and neurotoxicity which manifest commonly as distal sensory neuropathy last side effects is nevrotoxicity [11]. It is recognized that the prevalence of cisplatin nephrotoxicity is high, occurring in about one-third of patient undergoing cisplatin treatment. Clinically, cisplatin nephrotoxicity is often seen after 10 days of cisplatin administration and is manifested as lower glomerular filtration rate, higher serum creatinine, and reduced serum magnesium and potassium levels [11]. Jujubes are species of the genus Ziziphus (L) belonging to the family Rhamnaceae named after the genus Rhamnus. Commonly it is called Chinese date, Chinese Jujube, Indian cherry and Malay jujube. Other names are annab, badari, bayear, ber, black date, bor, red date, regi, spine date, unnab, vadai, vadar, vagari, zao sidr [12,13].



Study Objectives



The main objective of the study is to investigate the protective effect of Ziziphus jujube plant in rats with cisplatin-induced nephrotoxicity in an in vivo model.



Methodology


 Experimental Design



Sprague-Dawely rats, each weighing 150-210g and their ages between 8-12 weeks, were obtained from the animal house at Jordan University of Science and Technology. They kept at a constant temperature (22±1 °C) with a regular 12h light and dark cycle with providing diet and water. The rats were randomly divided into four groups, each consisting of five animals. Drug was administered orally using a ball tipped stainless steel gavage attached to a syringe. An individual body weights were obtained for test animals' prior administration daily.



a.	Saline-treated control group (NS). Rats were given orally 0.9% Nacl for 6 days.



b.	Ziziphus jujube extract group (ZE). Rats will be administered an orally injection of a Ziziphus jujube extract (500mg/kg) daily for 6 days [14].



c.	Cisplatin group (CIS). The single dose of cisplatin is 5mg/ kg intraperitoneally.



d.	Ziziphus jujube extract with cisplatin group (CIS+ZE). Rats will be adminstraed cisplatin just as the cisplatin group, except that they will be administered orally with Ziziphusjujube extract one hour before cisplatin dose. Then will be administrated an orally injection of a Ziziphus jujube extract (500mg/kg) daily.



Preparation of the Plant Extract



The fruits of Ziziphus jujube were collected from trees growing in Irbid, collected between September and November of 2012. The plant fruits were botanically identified by Prof. Jamil Lahham (Plant Taxonomist. Department of Biological Science, Faculty of Science, Yarmouk University, Jordan). The fruits were shade dried at 25 °C and the dried fruits of plant were grinded with a blender and dissolved with methanol (analytical grade from sigma chemicals, USA), then filtrated through filter paper. Extract was concentrated under reduced pressure and stored in a desicator until further use.



Sample Collection



The animals in all groups were scarified in an ether chamber after 48h from the last application, after an overnight fast. Blood samples were taken by the intracardiac puncture and collected into the heparin tubes. The samples were centrifuged at 3000rpm for 10 minutes to separate their plasma and then stored at -18°C until used for determination of biochemical test. The two kidneys were removed for each rat. One kidney was placed in 10% formaldehyde solution for processing to histopathology examination by light microscopy. The other kidney was homogenized with phosphate buffered solution (PH 7.2) to obtain 1: 5 (W/v) homogenate. The latter was analyzed to determine the glutathione reductase activity, glutathione catalase activity, glutathione peroxidase activity, glutathione S-transferase activity and lipid peroxidation.



Results


 Body Weight Changes


After 24 hours of the last oral administration, no mortality was seen in any of the NS, CIS, CIS+ZE and ZE group. Results in Table 1 indicate an increase in the body weight in the control (NS, ZE) groups and a significant increase in CIS and ZE + CIS groups. Administration of CIS produced a significant decreased (P<0.005) in the body weight when compared to NS. This was largely prevented by pretreatment with ZE in (CIS+ZE) group.



Table 1: Mean body weight difference (%).
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Histological Analysis



Hispathological studies (Figure 1) revealed that treatment with NS or ZE (Figures 1a & 1b) result in normal glomeruli and tubules structures. CIS-treated group (Figure 1c) has glomerular and peritubular congestion, RBC, mass edema and inflammatory cells, vacuolization and necrosis in the proximal tubular epithelial cells which were not observed in normal groups. Pretreatment with ZE (Figure 1d) reduce these changes associated with CIS treatment.
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Figure 1:  Specimen of kidney showing effects of NS (A), ZE (B), CIS (C), and CIS+ZE (D) (H&E, X 400).




 
Biochemical Tests


 

Creatinine: Administration of CIS produced a significant increase (P>0.005) in serum creatinine levels when compared to nor-mal group (NS) indicating nephrotoxicity. Administration of ZE in (ZE+CIS) group result in a significant decrease (P>0.001) in serum creatinine compared to CIS group (Table 2).



Serum Urea: Administration of CIS produced a significant increase (P>0.005) in serum urea levels when compared to normal group (NS) indicating nephrotoxicity. Administration of ZE in (ZE+CIS) group result in a significant decrease(P>0.001) in serum urea compared to CIS group (Table 2). 



Table 2: The effects of each group in Serum creatinine and urea levels.
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Note: Significant at a=0.05; a: Significant when compared with NS control group; b: Significant when compared with CIS group.



 
Activities of Antioxidant Enzymes


The activities of different antioxidant enzymes have been measured in all experiment groups.



Glutathione S-Transferase (GST): In rats treated with CIS, GST activity found to be lower than in NS group. GST activity was significantly increased (P<0.005) by pretreatment with ZE in (CIS+ZE) group (Table 3).



Catalase (Cat): In rats treated with CIS, Cat activity found to be lower than that in NS group. Cat activity was increased but non significantly by pretreatment with ZE in (CIS+ZE) group (Table 3). 



Table 3: Mean values of Glutathione S-transferase (GST) and Catalase (Cat).
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Note: Significant at a=0.05; a: Significant when compared with NS group; b: Compared with CIS group.



Lipid Peroxidation	



Malondialdehyde (MDA) levels in the CIS-treated animals were significant higher than those in the control group. Pretreatment  with ZE in (CIS+ZE) group reduced these increases (Table 4).



Table 4: The average mean values of the specific activities of lipid peroxidation (MDA) for each experimental group.
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Note: Significant at a=0.05 a: Significant when compared with NS group; b: Compared with CIS group.



 
Discussion


In the present study, we showed that administration of cisplatin in rats resulted in perturbation of renal function as indicated by a significant increase in plasma levels of creatinine. This result is consistent with the previous studies performed on cisplatin induced nephrotoxicity in both experimental animals and human being [15]. Pretreatment of animals with ZE significantly reduced the increase in creatinine levels. These findings revealed that ZE has a protective potential on cisplatin-induced nephrotoxicity. It has been shown that chemotherapy-induced nephrotoxicity is largely mediated by lipid peroxidation. The later was found to be well correlated with depletion of GSH and impaired antioxidant defense modalities [16]. Measurement of MDA has been utilized as an indicator of lipid peroxidation [17,18]. In here, levels of MDA were significantly increased in cisplatin-treated group compared to those of saline group. In parallel, GSH was critically depleted in cisplatin-treated group. This oxidative stress induced by cisplatin might be due to decreased cellular Co-A, acetyl-CoA content and cellular ATP levels [19], or increased lactate dehydrogenase [20].



Previous studies indicate an important role of ROS in the development of nephrotoxicity by cisplatin [9,21]. Cisplatin induced free radical production causing oxidative renal damage. Results in the present study indicated that ZE significantly reduced MDA concentration in kidney tissue. This is probably due to free radicals scavenging and antioxidant properties of ZE. Glutathione S-transferase is believed to facilitate conjugation of GSH with free radicals leading to formation of thioether bond masking their reactivity. It functions as a scavenger of ROS, including hydroxyl radicals, single oxygen, nitric oxide and peroxynitrite [22]. Data of our study indicate that GSH increased when animals received ZE. Animals in the CIS group showed a significant loss in body weights. This reduction in body weight is attributed to reduced food intake and inhibition of protein synthesis induced by CIS. This is a well- described side effect in patients treated with chemotherapy [3], and was also reported in cisplatin-treated rats due to inhibition of appetite [9,11].



Conclusion


We conclude, based on our biochemical findings and histopathological evidence, that administration of ZE minimizes the nephrotoxic effects of cisplatin. Consequently, ZE should be considered as an important potential candidate in clinical trials designed to minimize cisplatin-induced nephrotoxicity.
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