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			ABSTRACT

		

		
			Present study was designed to investigate the toxic effects of carbon tetrachloride (CCl4) on the liver of Balb C mice and also to investigate the protective effect of Vitamin E pre-treatment on the carbon tetrachloride-induced hepatotoxicity. Study included the estimation of the activities of the enzymes such as ALAT (alanine aminotransferase), ASAT (aspartate aminotransferase) and LDH (lactate dehydrogenase) and biochemical components like glucose, urea, lipids, cholesterol and protein contents both in the liver and blood while DNA and RNA contents only in liver. The administration of CCl4 resulted in increase in plasma ALAT and decrease in LDH. Vitamin E pre-treatment abolished CCl4-induced changes in the activities of these enzymes. Blood glucose content was increased while cholesterol content was decreased. Vitamin E pre-treatment abolished only CCl4-induced change in blood glucose content but failed to abolish CCl4-induced change in cholesterol content. Glucose, urea, lipids, cholesterol contents in liver were decreased whereas total protein contents increased. Vitamin E pre-treatment also prevented CCl4-induced changes in glucose, urea, lipids and total protein contents in liver. CCl4 treatment caused massive damage to the liver. This was prevented by vitamin E pre-treatment. These results show that vitamin E pre-treatment prevented the mice from CCl4-induced hepatic damage, which clearly indicates its preventive effects against liver damage caused by both oxidative and non-oxidative mechanisms.
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			Introduction




			Carbon tetrachloride (CCl4) is well-known to be extensively used hepatotoxin for decades; persuading liver injury in different experimental approaches (Basu, 2003). In microsomal compartment of liver, this hepatotoxin is rapidly transformed into trichloromethyl (CCl3) radical by cytochrome P450-2EI (CYP2EI). This CCl3 radical reacts with oxygen to form trichloromethylperoxyl (CCl3O2) radical (Sotelo et al., 2002; Ilavarasan et al., 2003). These free radicals react with polyunsaturated fatty acids to propagate a chain reaction leading to lipid peroxidation or bind covalently to lipids and proteins,  resulting membranes destruction (Sheweita et al., 2001).

			Imbalance between cellular antioxidant defences and reactive oxygen species (ROS) results in oxidative stress (OS). ROS is involved in many disease conditions such as neurodegenerative disorders, cardiovascular diseases, cancer and aging (Halliwell and Gutteridge, 1984; Lin and Beal, 2006; Nathan and Cunningham-Bussel, 2013). They can be generated by many reactions taking place in the cell and can be activated by some external factors. Their interaction with tumor could activate the signalling pathways; this will cause cellular transformationin cancer (Noreen et al., 2018).

			Chronic exposure to CCl4 can cause liver damage and could result in liver cancer (Rood et al., 2001). Some tissues of other organs including kidneys, heart, lungs, testes, brain and even blood are also affected by CCl4 through generation of free radicals. Oxidative damage to these tissues has been observed in CCl4 treated rats (Abraham et al., 1999). Oxidative mutilation is one of the essential mechanisms of CCl4 hepatotoxicity which triggers apoptosis via mitochondrial initiated pathway (Ravagnan et al., 2002).

			Carbon tetrachloride causes necrosis of cell or tissue which results in leakage of enzymes from affected tissues into blood stream (Obi et al., 2001). CCl4 is known to cause rapid, prolonged depletion of liver glycogen in rats (Hickenbottom and Hornbrook, 1971). While, it is considered to be effective agent for gene expression (Pietrangelo, 1990).

			Vitamin E is a fat-soluble antioxidant essential for the majority of metabolic processes preventing lipid peroxidation. It has a crucial role in anti-inflammatory processes, inhibition of platelet aggregation, and immune enhancement (Bansal et al., 2005). Subsequently, vitamin E (α-tocopherol) is a chain-breaking antioxidant to inhibit the propagation step where the alkyl radical reacts with molecular oxygen at a very high rate, giving a peroxyl radical. α-tocopherol efficiently transfers a hydrogen atom to a lipid free radical; α-tocopheroxyl radicals and stops the chain reaction (Messarah et al., 2013). Earlier studies had shown that dietary vitamin E intake reinforces the level of glutathione peroxidise (Abdel-Samie et al., 2013). In the present study, CCl4 induced liver damage and hepatoprotective effects of Vitamin E pre treatment were studied in Balb C mice.




			Materials and methods

			Ethical statement

			All animal experimental procedures were conducted in accordance with local and international regulations. The international regulation is the Wet op de dierproeven (Article 9) of Dutch Law (International). Approval of the study was obtained from the Institutional Review Board of “The University of Azad Jammu and Kashmir”, Muzaffarabad, Pakistan.

			Animals and dose preparation

			Nineteen Balb C mice were obtained with average weight of 25 g from National Institute of Health Islamabad, Pakistan. Mice were maintained in an animal house 20°C ± 2°C and 12 h light and 12 h dark conditions. They were provided with a standard mouse pellets and drinking water ad libitum. Lethal dose (LD50) of CCl4 was taken as 1 ml/kg b.w. These animals were placed in four groups namely I, II, III and IV. Olive oil (0.4 ml/kg) was given to group 1 as control group. Group II was given Vitamin E (5 mg/kg b.w.) dissolved in olive oil to make volume up to 0.4 ml. Group III was given Vitamin E plus CCl4 (0.4 ml/kg b.w.) and Group IV was given CCl4 (0.4 ml/kg b.w.). All the injections were intra-peritoneal. After 24 h of dosing, animals were anesthetized using chloroform, dissected and blood was collected directly from heart with help of disposable syringes. Blood was kept in tubes having heparin (20 µl heparin/1 ml of blood). For the isolation of plasma, blood was centrifuged at 3000 rpm for 20 min to estimate enzymes activities and biochemical components. Immediate after blood collection, livers were taken and divided into two parts, one for saline extraction and other for preparation of total lipids, cholesterol, nucleic acid and protein extract.

			Saline extract preparation

			For estimation of glucose, urea, and soluble proteins and to estimate activities of ALAT, ASAT and LDH, 250 mg liver part was homogenized with 5 ml of 0.9% saline solution using Teflon glass homogenizer.

			Lipids, nucleic acid and protein extraction

			For obtaining lipids, nucleic acid and proteins, a separate liver part was crushed in boiling ethanol and centrifuged for 20 min at 3000 rpm. Supernatant was collected in separate tube and pellet was again mixed with normal ethanol. It was kept overnight and centrifuged again at 3000 rpm. Supernatant was collected and pellet was mixed with mixture of methanol and ether (3:1). After keeping it for 24 h, it was again centrifuged for 20 mins at 3000 rpm. All collected supernatants were mixed and used for estimation of total lipids and cholesterol contents. Pellet left after extraction of lipids was dried in vacuum desiccators for 18-24 h. Nucleic acid was extracted using procedure mentioned by Shakoori and Ahmed (1973).Pellet left after extraction of nucleic acid was digested in 0.5 N NaOH for 24 h and used for estimation of total protein contents according to method described by Lowery et al. (1951).

			Estimation of enzyme activities

			Estimation of enzymes activities was carried out from saline extract as well as plasma. Calibration curve for ALAT and ASAT were prepared according to the procedure of Reitman and Frankel (1957) as mentioned in Merck test manual methods. 

			Estimation of glucose, cholesterol and protein contents

			In blood plasma and saline extract, glucose was determined by O-toluidine method of Hartel et al. (1969) while cholesterol contents were estimated by mode of Zak (1957), Hamid et al. (2017). For estimation of plasma protein, total protein and soluble protein Lowry et al. (1951) method was used. 

			Estimation of nucleic acid, total lipids and urea contents

			Zollner and Kirsch (1962) method was followed for total lipid estimation. Estimation of urea from both saline extract and plasma was done according to diacetylmonooxime by Natelsen et al. (1951) method. 

			Estimation of nucleic acid was determined as described by Schneider (1957). For DNA, diphenylamine method was used while orcinol method was used for RNA estimation. 




			Results

			Effect on liver

			Total lipid

			Intraperitoneal administration of CCl4 (0.4 ml/kg for 24 h) caused highly significant decrease in hepatic total lipid level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused significant increase in the level of total lipid as compared to CCl4treated group (Table I).

			Urea

			Intraperitoneal administration of CCl4 caused highly significant decrease in Hepatic urea level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused highly significant increase in its level as compared to CCl4 (Table I).

			Glucose

			Intraperitoneal administration of CCl4 caused high significant decline in hepatic glucose level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused high significant increase in its level as compared to CCl4 (Table I).

			Cholesterol

			Intraperitoneal administration of CCl4 caused highly significant fall in hepatic cholesterol level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused no significant change in its level as compared to CCl4 (Table I).

			Total protein

			Intraperitoneal administration of CCl4 caused significant increase in hepatic total protein level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused highly significant drop in its level as compared to CCl4 (Table I). 




			Table I.- Level of biochemical components in liver of Balb C mice.

			
				
					
					
					
					
					
					
				
				
					
							
							S. No.

						
							
							Parameters

						
							
							Experimental groups

						
					

					
							
							Control

						
							
							Vit E

						
							
							CCl4

						
							
							CCl4 + Vit E

						
					

					
							
							1

						
							
							Total lipid (mg/g)

						
							
							64.0±2.8

						
							
							67.8±4.4

						
							
							47.5±2.9*, ##

						
							
							65.5±2.7^

						
					

					
							
							2

						
							
							Urea (mg/g)

						
							
							13.5±1.2

						
							
							11.3±0.8@@

						
							
							5.8±0.2**

						
							
							10.6±0.5^^

						
					

					
							
							3

						
							
							Glucose (mg/g)

						
							
							6.0±1.1

						
							
							5.5±0.8

						
							
							0.8±0.15**

						
							
							6.3±0.9^^

						
					

					
							
							4

						
							
							Cholesterol (mg/g)

						
							
							9.9±0.7

						
							
							7.2±0.9@

						
							
							6.4±0.3***

						
							
							7.8±0.2

						
					

					
							
							5

						
							
							Total protein (mg/g)

						
							
							163.3±5.2

						
							
							168.0±3.3

						
							
							184.6±2.2**,#

						
							
							157.0±3.4^^^

						
					

					
							
							6

						
							
							Soluble protein (mg/g)

						
							
							51.5±4.1

						
							
							60.1±4.1

						
							
							79.6±1.6***, ###

						
							
							62.1±2.8^^

						
					

					
							
							7

						
							
							DNA (mg/g)

						
							
							9.9±0.8

						
							
							8.4±0.7

						
							
							7.6±1.2

						
							
							9.3±0.7

						
					

					
							
							8

						
							
							RNA (mg/g)

						
							
							12.8±0.8

						
							
							8.9±0.4

						
							
							6.4±0.5

						
							
							9.3±0.8

						
					

					
							
							9

						
							
							ALAT (IU/g)

						
							
							0.15±0.04

						
							
							0.09±0.002

						
							
							0.06±0.01

						
							
							0.07±0.01

						
					

					
							
							10

						
							
							ASAT (IU/g)

						
							
							35.4±5.7

						
							
							42.3±2.2

						
							
							27.7±6.2

						
							
							31.3±3.0

						
					

					
							
							11

						
							
							LDH (IU/g)

						
							
							2.0±0.3

						
							
							1.8±0.1

						
							
							1.9±0.4

						
							
							1.3±0.2

						
					

				
			

			ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; LDH, Lactate dehydrogenase. @, significance difference between control and vitamin E; *, significance difference between control and CCl4; #, significance difference between Vitamin E and CCl4; ^, significance difference between CCl4 and CCl4 + Vitamin E, each bar represents the mean value of six replicates and SEM. Statistical icons: *, ^=p≤ 0.05 **, ##, ^^, @@ = p ≤ 0.01, ***, ### ^^^ = p ≤ 0.001.




			Soluble protein

			Intraperitoneal administration of CCl4 caused highly significant increase in hepatic soluble protein level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused high significant decline in its level as compared to CCl4 (Table I).

			Hepatic DNA

			Intraperitoneal administration of CCl4 caused no significant change in hepatic DNA level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it also caused no significant variation in its level as compared to CCl4 (Table I).

			Hepatic RNA

			Intraperitoneal administration of CCl4 caused no significant change in hepatic RNA level. When Vitamin E was given in combination with CCl4 it also caused no significant variation in its level as compared to CCl4 (Table I).

			Hepatic enzymatic activities

			Intraperitoneal administration of CCl4 and CCl4+ vitamin E combination caused no significant change in Hepatic ALAT, ASAT and LDH level. 

			Effect on blood

			Total lipids

			Intraperitoneal administration of CCl4 caused no significant change as compared to control and vitamin E (Table II).

			Urea

			Intraperitoneal administration of CCl4 caused highly significant decrease in Plasma urea level as compared to control and vitamin E. When vitamin E was given in combination with CCl4 it caused highly significant increase in its level as compared to CCl4 (Table II). 

			Glucose

			Intraperitoneal administration of CCl4 caused highly significant increase in Plasma Glucose level as compared to control and vitamin E. When vitamin E was given in combination with CCl4 it caused significant decrease in its level as compared to CCl4 (Table II).

			Cholesterol

			Intraperitoneal administration of CCl4 caused highly significant decrease in Plasma cholesterol level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it also caused highly significant increase in its level as compared to CCl4 (Table II).

			Total protein

			Intraperitoneal administration of CCl4 caused highly significant decrease in Plasma total protein level as compared to vitamin E. When Vitamin E was given in combination with CCl4 it caused no significant change in its level as compared to CCl4 (Table II).

			Plasma ALAT

			Intraperitoneal administration of CCl4 caused highly significant increase in plasma ALAT level as compared to control and vitamin E. When vitamin E was given in combination with CCl4 it caused highly significant decrease in its level as compared to CCl4 (Table II).

			Plasma ASAT

			Intraperitoneal administration of CCl4 and vitamin E + CCl4 caused no significant change in Plasma ASAT level as compared to control and vitamin E (Table II).




			Table II.- Level of biochemical components of blood plasma of Balb C mice.

			
				
					
					
					
					
					
					
				
				
					
							
							S. No.

						
							
							Parameters

						
							
							Experimental groups

						
					

					
							
							Control

						
							
							Vit E

						
							
							CCl4

						
							
							CCl4 + Vit E

						
					

					
							
							1

						
							
							Total lipid (mg/100 ml)

						
							
							216.7±32.4

						
							
							183.1±3.00

						
							
							231.8±46.1

						
							
							197.3±4.6

						
					

					
							
							2

						
							
							Urea (mg/100 ml)

						
							
							75.1±4.6

						
							
							74.7±8.9

						
							
							31.9±3.2***, ###

						
							
							83.5±6.6^^^

						
					

					
							
							3

						
							
							Glucose (mg/100 ml)

						
							
							87.1±4.5

						
							
							76.8±7.8

						
							
							189.6±23.0***, ###

						
							
							90.1±33.3^^^

						
					

					
							
							4

						
							
							Cholesterol (mg/100 ml)

						
							
							309.2±41.3

						
							
							312.0±3.3

						
							
							150.3±17.5***, ###

						
							
							236.8±10.2^^^

						
					

					
							
							5

						
							
							Total protein (mg/100 ml)

						
							
							4073.5±204.8

						
							
							5687.4±221.2@@

						
							
							3967.2±158.4##

						
							
							4599.2±240.0

						
					

					
							
							9

						
							
							ALAT (mg/100 ml)

						
							
							99.8±18.2

						
							
							71.8±21.1

						
							
							594.9±73.6***, ###

						
							
							61.65±12.1^^^

						
					

					
							
							10

						
							
							ASAT (mg/100 ml)

						
							
							293.8±20.8

						
							
							225.3±9.5

						
							
							436.7±24.1**, ##

						
							
							212.8±19.4^^^

						
					

					
							
							11

						
							
							LDH (mg/100 ml)

						
							
							110.7±5.8

						
							
							97.4±6.5

						
							
							30.3±5.5***, ###

						
							
							70.6±10.0^^^

						
					

				
			

			For abbreviations and statistical details, see Table I.




			 Plasma LDH

			Intraperitoneal administration of CCl4 caused highly significant decrease in Plasma LDH level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused high significant increase in its level as compared to CCl4 (Table II).




			Discussion




			Carbon Tetrachloride is used as a solvent for oils and fats, as a refrigerant and as a dry-cleaning agent. Inhalation of its vapors can depress central nervous system activity and cause degeneration of the liver and kidneys. Carbon Tetrachloride is reasonably anticipated to be a human carcinogen based on evidence of carcinogenicity in experimental animals. CCl4  studies on brain demonstrated that oxidative stress was prompted in the brain at a solehepatotoxic dose (1 ml/kg b.w.) of CCl4. Increased lipid peroxidation (LPO), protein carbonyls (PC) content and glutathione (GSH) reduction were noticed in the brain regions of rats treated with CCl4 which was greater than that of liver. An extreme fall in the activity of glutathione-S-transferase (GST) was seen in the brain regions which was higher than that of liver. Similarly, activities of glutathione peroxidase (GPx), glutathione reductase (GR), superoxide dismutase (SOD), catalase (CAT), NADH- and NADPH-dehydrogenase were reduced in the brain regions similar to that of liver. Higher induction of oxidative stress in the brain compared to that of liver implies vulnerability of the brain for CCl4 neurotoxicity. Single hepatotoxic dose of CCl4 is equally neurotoxic to rats (Ritesh et al., 2015). These factors indicate the necessity of studying the hepatotoxicity and neurotoxicity induced by CCl4 and possible preventive options.

			Vitamin E is a fat-soluble antioxidant essential for the majority of metabolic processes preventing lipid peroxidation. It has a crucial role in anti-inflammatory processes, inhibition of platelet aggregation, and immune enhancement (Bansal et al., 2005) Subsequently, vitamin E (α-tocopherol) is a chain-breaking antioxidant to inhibit the propagation step where the alkyl radical reacts with molecular oxygen at a very high rate, giving a peroxyl radical. α-tocopherol efficiently transfers a hydrogen atom to a lipid free radical; α-tocopheroxyl radicals and stops the chain reaction (Messarah et al., 2013). Earlier studies had shown that dietary vitamin E intake reinforces the level of glutathione peroxidise (Abdel-Samie et al., 2013). These findings make vitamin E a reasonable molecule to investigate the protective effects against liver damage caused by CCl4. 

			Administration of a single dose of CCl4 for 24 h to Balb C mice resulted in highly significant increase in plasma ALAT level, highly significant decrease in Plasma LDH level while no significant change in Plasma ASAT level as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused highly significant decrease in ALAT level, high significant increase in LDH level as compared to CCl4 (Table I).. Increase in plasma ALAT, ASAT, LDH and hepatic ALAT were also monitored in rats after CCl4 administration (Lin et al., 1993).

			Carbon tetrachloride administration in rats for 24 h is known to induce marked increase in serum ASAT and ALAT activities, primed liver lipid peroxidation, depleted sulfhydryl contents, impaired total antioxidant capabilities and induced genotoxicity. CCl4 increases ALAT and ASAT level along with lipid peroxidative enzymes, for example superoxide dismutase and catalase in liver (Bhattacharjee, 2006).These may reflect damage to the liver tissues resulted in leakage of these enzymes into the blood. A highly significant increase in plasma glucose and decrease in cholesterol contents was observed after CCl4 administration. When Vitamin E was given in combination with CCl4 it caused highly significant decrease in glucose level while highly significant increase in cholesterol contents as compared to CCl4 (Table I). Decreased level of cholesterol could be the result of liver damage because liver produces 80% cholesterol in the body (Anthea et al., 1993). CCl4 administration induced highly significant decrease in plasma urea and plasma total proteins, while total lipids level remained unaltered. Vitamin E pre-treatment abolished the changes in plasma contents of urea and total plasma proteins. Decrease plasma level of urea and total plasma proteins may denotes the liver damage as synthesis of urea and proteins is the function of liver while amelioration of these contents by vitamin E pre-treatment demonstrate its hepatic protective effects.

			Intraperitoneal administration of CCl4 caused highly significant decrease in hepatic total lipid, Urea and cholesterol, high significant decrease in glucose level while highly significant increase in total proteins as compared to control and vitamin E. When Vitamin E was given in combination with CCl4 it caused significant increase in the level of total lipid, total proteins, ureas and glucose level while cholesterol contents remained unaltered as compared to CCl4 treated group (Table I).

			Decrease in hepatic glucose contents in CCl4 treated group could be result of increased consumption of glucose during toxic insult. Toxic components are subjected to P-450 metabolism (Phase I biotransformation). Its product undergoes conjugation with phase II enzymes. Conjugates like glucoronides are removed from the body. In this way, usage of glucose in glucoronidation process might have resulted low glucose level. Under stress conditions, In addition, glucose can be utilized for energy production to combat toxin induced stress conditions.

			Decreased level of hepaticglucose, urea, total lipids and cholesterol contents while increased protein contents has also been observed in Wister Albino rats after CCl4 treatment (Hamid, 2006). Vitamin E pre-treatment prevented CCl4 induced changes in glucose, lipids and cholesterol contents to some extent. This increase in total protein could be due to increased protein synthesis to regenerate damaged cells/tissues. Decreased level of hepatic urea contents could be due to loss of liver tissues as urea is synthesized through urea cycle mainly in liver. Increase in protein contents could be due to increased protein synthesis by liver to repair injured tissues. Since pre-treatment of vitamin E, a known antioxidant abolished some of the biochemical changes, which indicate that damaged caused by carbon tetrachloride was oxidative as well as non-oxidative. End stage renal disease patients enduring chronic dialysis treatment may be at great risk of vitamin E deficiency. This shortage results in fatigue, concentration problems, weakened immune system vision problem, irritability, major depression and anemia. It has been linked to prevention of multiple disease spectrums (Jiang and Elson, 2000).




			Conclusion




			It was concluded that carbon tetrachlorideat given doses in mice is potential hepatotoxicant. Vitamin E has the ability to prevent the damage caused by carbon tetrachloride.
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Present study was designed to investigate the toxic effects of carbon tetrachloride ((30-9923/2019/0002-0755 $
(CCl,) on the liver of Balb C mice and also to investigate the protective effect g /0

of Vitamin E pre-treatment on the carbon tetrachloride-induced hepatotoxicity. Copyright 2019 Zoological Society
Study included the estimation of the activities of the enzymes such as ALAT ,f pakistan

(alanine aminotransferase), ASAT (aspartate aminotransferase) and LDH (lactate

dehydrogenase) and biochemical components like glucose, urea, lipids, cholesterol

and protein contents both in the liver and blood while DNA and RNA contents only in

liver. The administration of CCI, resulted in increase in plasma ALAT and decrease

in LDH. Vitamin E pre-treatment abolished CCl,-induced changes in the activities of

these enzymes. Blood glucose content was increased while cholesterol content was

decreased. Vitamin E pre-treatment abolished only CCl,-induced change in blood

glucose content but failed to abolish CCl,-induced change in cholesterol content.

Glucose urea, 11p1ds cholesterol contents in liver were decreased Whereas total

changes in glucom agﬁ@dgﬁi?ﬁtal protem contents in hver CC treatmem disord di lar di
caused massive d. ljggt s was prevented by Vltamm Eur NFcatmany o cisorders, cardiovascuiar discascs,

These_results s
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liver thjury in ditferent experimental approaches (Basu,
2003).In m1crosoma1 compartment ofliver, this hepatotoxin
is rapidly transformed into trichloromethyl (CCl,) radical
by cytochrome P450-2EI (CYP2EI). This CCl, radical
reacts with oxygen to form trichloromethylperoxyl
(CCL,0,) radical (Sotelo ef al., 2002; Ilavarasan ef al.,
2003). These free radicals react with polyunsaturated
fatty acids to propagate a chain reaction leading to lipid
peroxidation or bind covalently to lipids and proteins,
resulting membranes destruction (Sheweita ef al., 2001).
Imbalance between cellular antioxidant defences and
reactive oxygen species (ROS) results in oxidative stress
(OS). ROS is involved in many disease conditions such

w that wﬁam in E pre -treatment frevemed &4
g% vg ﬁ)cl1 arl it Pre ntlve
S d%?fé}e‘ 08 nisngs ey can e generated by many reactions taking place

eal%r Hbg (Halhwell and Gutteridge, 1984; Lin

3:Nathan and Cunningham-Bussel, 2013).
S ag liver
in the cell and can be activated by some external factors.
Their interaction with tumor could activate the signalling
pathways; this will cause cellular transformationin cancer
(Noreen et al., 2018).

Chronic exposure to CCI, can cause liver damage
and could result in liver cancer (Rood ef al., 2001). Some
tissues of other organs including kidneys, heart, lungs,
testes, brain and even blood are also affected by CCl,
through generation of free radicals. Oxidative damage
to these tissues has been observed in CCl, treated rats
(Abraham ef al., 1999). Oxidative mutilation is one of
the essential mechanisms of CCl, hepatotoxicity which
triggers apoptosis via mitochondrial initiated pathway





