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			Abstract

			The present study was designed to find out the hepatoprotective effect of Thymoquinone against cadmium induced liver toxicity in rat. Four different groups of rats were used for this study. In details Group-I was nornal rat; Group-II was toxic Cd (2 mg/kg/day) has given to rats subcutaneously for 7 days. Group-III was pre-treated with Thymoquinone and followed by Cd (2 mg/kg/day) for 7 days. Group-IV was given Thymoquinone (20 mg/kg/day) as a positive control for 7 days. At the end of experiment blood was taken for biochemical study (AST, ALT, ALP and Total Bilirubin) and thereafter animal was killed, and liver was dissected out to analyze oxidative stress (LPO, and GSH). The biochemical study indicated that the level of enzymes (AST, ALT, ALP and Total Bilirubin) was significantly (P≤0.01) elevated in the serum of Group-II and TBARS contents were also increased significantly in Group-II while the concentration of glutathione was significantly reduced in Cd induced (Group-II) as compared to normal control. When the rat was treated with Thymoquinone, TBARS content reduced significantly in Group-III and biochemical enzyme were also restored in Group-III while the glutathione (GSH) content increased as compared to Group-II. When alone Thymoquinone was given in Group-IV there was no any kind of biochemical enzyme elevation were found or neither no significant oxidative stress observed. In this way study indicated that Thymoquinone is effective for the treatment of liver diseases against heavy metal. 
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			Abbreviations: TQ: Thymoquinone; ALT: Alanine Aminotransferase; AST: Aspertate Aminotransferase; ALP: Alkaline Phosphatase; PMS: Post Mitochondrial Supernatant; TBARS: Thiobarbituric Acid Reactive Substance

		

		
			Introduction

			The use of natural medicine has markedly increased over the last few years due to its lesser side effects. Nigella sativa commonly known as black seed belongs to the family Ranunculaceae. The name Nigella is an Arabic consent “Habbat al-barakah” means the seed of blessing. Prophet Muhammed (S.A.S) quoted the importance of black seed and stated that “Black seed has a remedy for every illness except death [1]. Thymoquinone (TQ) is the active ingredient of Nigella sativa seed oil. Traditionally it is used as liver tonic, diuretic, anti-diabetic, anti-diarrheal, antibacterial, antihypertensive, anti-inflammatory, an antioxidant properties [2,3]. Previous study indicated the versatile pharmacological activities such as hepatoprotective. In recent study, antioxidant and anti-inflammatory cytokine of TQ studies were carried out by Alam et al., [4]. Liver is one of the most targeted vital metabolic 

organs which responsible to metabolite the various kinds of drug and chemicals. 

			The liver generally metabolite the highly toxic chemical to non-toxic chemical but some time it also activates the non or less toxic to high toxic metabolite. Therefore, the burden of chemicals increases the stress on hepatic cell and resulted in hepatic disorder by degenerative cell, necrosis and tumors etc. [5]. Cadmium poisoning is one of the global health problems that affect many organs, and in some cases, it causes death. Worldwide cadmium production, consumption and release into the environment without proper treatment resulted in the contamination of air, water and soil. The long-term exposure to cadmium through water, air, and food system leads to various organ problem to cancer problem [6]. Cadmium is one of the heavy metals, which is highly toxic, which is used in various forms in chemicals (pigment, coating) and metallurgical (metal alloys) industry [7]. Many researches have proven its hepatotoxic nature by administration of Cadmium chloride to rat that produces cell necrosis and fatty changes [8]. The development of necrosis is directly associated with leakage of hepatic enzyme into serum. Thus, there is need to investigate the hepatoprotective effect of TQ against cadmium induced liver toxicity in rats which is still not reported.

			Material and Methods

			Chemicals

			Thymoquinone, Cadmium chloride, Trichloroaceticacid, 2-thiobarbituric acid,1-sulfosalicylic acid, Hydrogen peroxide and DTNB were purchased from Sigma Aldrich USA. Biochemical Assay kits Alanine aminotransferase (ALT), Aspertate aminotransferase (AST), Alkaline phosphatase (ALP) and Bilirubin were procured from Humans for biochemical and Diagnostic, Germany.

			Experimental design

			The male rat (200g) was taken from the animal house of Jazan University for the study. All animals were kept in the lab for acclimatization before starting the experiments. Animal handling and experiment were performed after approval of ethical committee as per International and Islamic Laws perspective [9]. Rats were divided into 4 groups, each having 6 rats. Four different groups of rats were used for this study. In details Group-I was normal rat; Group-II was toxic Cd (2 mg/kg/day as CdCl2) has given to rats subcutaneously for 7 days; Group-III was pre-treated with Thymoquinone and followed by Cd (2 mg/kg/day as CdCl2) for 7 days [10]. Group-IV was given Thymoquinone (20 mg/kg) as a positive control [11]. 

			Biochemical estimation 

			At the end of experiment blood was collected from orbital puncture of rat immediately for biochemical estimation. In brief, the collected blood sample was kept at room temperature for 30min and then centrifuged at 3000rpm for 10min to isolate the serum. Further, serum was preserved at -200C for further biochemical analysis of liver function test. Thereafter, the animal was a further sacrifice by cervical dislocation and liver tissue was isolated for oxidative stress analysis.

			Tissue homogenate preparation

			Isolated liver was homogenized in phosphate buffer (0.01M, pH 7.0) to give a 10% (w/v) homogeneous and it was further centrifuged at 3,000 RPM for 15 min at 4°C to isolate the supernatant (S1) for lipid peroxidation (TBARS) test. The aliquot obtained was further centrifuged at 12,000 g for 20 min at 4°C to get post mitochondrial supernatant (PMS) for the test of glutathione (GSH). 

			TBARS

			Thiobarbituric Acid Reactive Substance (TBARS) contents were carried out by Utley et al., [12] and modified by Islam et al procedure [13]. In details two samples of supernatant each having 0.5 ml was incubated at 37±1°C in a metabolic shaker (120 cycles/min) and another 0.5 ml was placed at 0°C for 60 min. After 1 hour of incubation, 1ml of 10% chilled TCA, 1ml of 0.67% TBA and 0.5ml phosphate buffer was added to each sample and mixed after each addition. The aliquot from each vial was centrifuged at 4,000 RPM for 10 min. Thereafter, supernatant was transferred to another tube and placed in the boiling water bath. After 20 min, the test tubes were cooled, and the observance of the color was read at 535 nm.

			Reduced glutathione (GSH) 

			Reduced glutathione (GSH) was estimated by Jollow et al. Post Mitochondrial Supernatant (PMS) was mixed with 4% sulfosalicylic acid in a ratio of 1:1 and then samples were incubated at 4°C for 1 h. After the incubation the reaction mixture was centrifuged at 3000 RPM for 15min at 4°C and the supernatant was used for observance of color at 412 nm [14].

			Estimation of protein: 

			Lowry et al. [15] method was used for estimation of protein in the liver homogenates.

			Results

			Effects of thymoquinone on serum marker

			Table 1: Effects of Thymoquinone on biochemical parameter.

			
				
					
					
					
					
					
				
				
					
							
							Biochemical Enzymes

						
							
							Group-I (Control)

						
							
							Group-II (CdCl2)

						
							
							Group-III (CdCl2+TQ)

						
							
							Group-IV (TQ)

						
					

					
							
							AST (u/l)

						
							
							21.3±1.72

						
							
							72.65±2.47 *p≤0.05

						
							
							30.53±1.80 ##p≤0.01

						
							
							22.75±3.21 NS

						
					

					
							
							ALT (u/l)

						
							
							11.4±1.13

						
							
							28.45±3.67 **p≤0.01

						
							
							14.72±2.30 ##p≤0.05

						
							
							12.44±2.10 NS

						
					

					
							
							ALP (mg/dl)

						
							
							253.22±12.81

						
							
							743.21±16.09 *p≤0.05

						
							
							338.85±20.32 NS

						
							
							257.0±22.17 NS

						
					

					
							
							Total Bilirubin (mg/dl)

						
							
							0.55±0.13

						
							
							0.82±0.041 ***p≤0.001

						
							
							0.6±0.10 ###p≤0.001

						
							
							0.59±0.07 NS

						
					

				
			

			Data represents mean ± SD (n=6); *p< 0.05, **p< 0.01 ***p< 0.001 vs Group-I; #p≤0.05, ##p≤0.01, ###p≤0.001 vs Group-II; NS: not significant

			The level of biochemical enzyme such as AST, ALT, ALP and Total Bilirubin was significantly increased in cadmium treated Group-II as compared to control Group-I. While the concentration of AST, ALT, ALP and Total Bilirubin were significantly reduced in Group-III in treating with Thymoquinone as compared to Group-II. There were no significant changes found in Group-IV as compared to normal control (Table 1).

			Effects of thymoquinone on TBARS

			Figure 1 shows the protective effect of Thymoquinone on the contents of the TBARS in rat liver against Cd toxicity. Thymoquinone reduces the TBARS content in Group-III as compared to Group-II. There were no significant changes in Group-IV as compared to Group-I.
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			Effects of thymoquinone on GSH
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			Figure 2 shows the content of glutathione (GSH) was decreased in Cd treated Group-II as compared to control Group-I. Thymoquinone increased the GSH content in Group-III as compared to Group-II while there were not significant changes monitored in Group-IV as compared to Group-I.

			Discussion

			The important and largest organ of the body is the liver which plays an important role in chemical detoxification. Any change in their liver function parameters may affect the functioning of the body as well as bad consequences of the health. The present study indicated the significant elevation of blood serum markers such as AST, ALT, ALP and Biluribin in cadmium induced Group-II when compared to normal control Group-I. But the treatment with TQ all serum marker enzyme elevations reduced significantly in Group-III. Cadmium also increases the lipid peroxidation (TBARS) in hepatic cell in Group-II but when it was treated with TQ dramatically reduced the elevation of TBARS content in the hepatic cell in Group-III.

			Many studies have shown that Cd induces hepatocellular damage due to imbalance of cellular redox status which leads to oxidative stress. Recently administration of Naringenin at a dose of (50mg/kg) significantly reversed the activities of serum hepatic marker enzymes in their normal levels when compared to Cd-treated rats. In addition, Naringenin significantly reduced lipid peroxidation and restored the levels of antioxidant defense in the liver [16]. In this study cadmium also significantly (p≤0.001) depleted the reduced glutathione (GSH) content in the hepatic cell in Group-II and it was also recovered from the treatment of Thymoquinone. Several mechanisms have been postulated for the Cd induced hepatotoxicity through associated with sulfhyryl group binding, implicating membrane proteins and enzymes. As we know that Cd is non-redox metal that can indirectly cause oxidative stress by depleting GSH level in hepatic cell [17]. Glutathion is considered to be the first line of defense against oxidative damage and free radical generation [18]. Complex formation between heavy metal ion and GSH has been implicated as the initial step in biological detoxification processes, prior to transfer of the heavy metal to cysteine rich peptides resulted in balancing the redox cycle of glutathione. The capacity of GSH is regenerate the most important antioxidant by auto redox reaction state of the GSSG/2GSH. 

			Thus, Cd induced loss of GSH and indicating the disruption of the cellular GSH system which play a key role in the mechanism of Cd-induced liver damage [18-20]. Overall Thymoquinone showed a significant role to manage the reduced glutathione (GSH) in Group-III. Further deep research is needed to figure out the complete mechanism of hepatocellular damage induced by the Cadmium through understanding the different mechanistic approach such as other detailed parameter of oxidative stress, interleukin, apoptosis a mitochondrial involvement etc. 

			Conclusion

			The present study clearly indicated that Thymoquinone suppresses the reactive oxygen species and resulted in the minimizing of the biochemical and oxidative stress parameter against Cadmium induced hepatotoxicity. There is further needing to explore the study with molecular level.
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Figure 2: Effects of Thymoquinone on Glutathion test (GSH) in rat liver tissue.

Values is represented in mean + S.E. (n=6). Unit of GSH is expressed as nmole DTNB conjugate formed /hr/mg protein. ***p< 0.001 Group-
11'vs Group-I; ***p<0.001 Group-lll vs.Group-li
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Figure 1: Effects of Thymoquinone on Lipid per oxidation test (TBARS) in rat liver tissue.
Data represents mean + S.E.M (n=6). Unit of LPO are nmoles of TBARS/hr/mg protein. **p< 0.01 Group-l v Group-1, ***p<0.001Group-l
Vs Group-i






