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 Liver is particularly susceptible to oxidative stress resulted from carbon tetrachloride 

(CCl4 ) due to the direct release of CCl4 metabolites and inflammatory cytokines, which 

propagate the inflammatory response. The present was carried out to evaluate the 
therapeutic and protective effects of Nigella sativa oil (NSO) against carbon 

tetrachloride (CCl4) toxicity in rats. Forty two female Albino Wister rats with a weight 

ranging between 100-150 g, were divided randomly into six groups (seven rats per 
group) as follows: Normal control group, received standard food and water; Oil group: 

rats injected with i.p. 1ml/kg olive oil; CCl4 group: injected with CCl4 0.5 ml/kg body 

weight mixed with olive oil (v/v); CCl4 & NSO group: injected with CCl4 and given 
NSO orally at the same time using stomach tube; Therapeutic group: injected with CCl4 

and at the end of the 4th week CCl4 injection were given orally NSO; and Protective 

group: given orally NSO followed by injection with CCl4, 3 times weekly for 4 weeks. 
The results indicated that i.p. administration of CCl4 induced severe hepatic injury 

(ALT and AST enzymes) associated with increased oxidative stress(MDA). NSO 

resulted in a significant improvement in liver ALT and AST enzymes together with the 
MDA. The immune cytokines TNF-α, IFN-γ and IL-2 also were improved in all groups 

after treated with NSO. It could be also noticed that protection with NSO is better than 

treatment in most the evaluated parameters. In conclusion, both treatment and 
protection with NSO are effective against hepatic and immune toxicity induced by CCl4 

but protection is better than treatment in most of the measured parameters.  
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INTRODUCTION 

 

Hepatic fibrosis is characterized by increased deposition and altered composition of extracellular matrix 

(ECM) such as collagen fibers [1]. Hepatic damage caused by chemicals or infectious agents is associated with 

distortion of metabolic functions of the liver [2] and may lead to progressive liver fibrosis, liver cirrhosis and 

finally liver failure [3]. Carbon tetrachloride (CCl4) is widely used for experimental induction of liver fibrosis 

and it has been used extensively to study hepatotoxicity in animal models. CCl4 initiate lipid per- oxidation, and 

so causes injuries to the liver [4]. CCl4 metabolites as well as inflammatory cytokines, which propagate 

inflammatory response [5], CCl4 causes activation of the phase I cytochrome P450 system to form reactive 

metabolic trichloromethyl radicals (•CCl3) and peroxytrichloromethyl radicals (•OOCCl3) [6,7]. These reactive 

oxygen metabolites may play an important role in the inflammation process after intoxication by CCl4 [8]; [9]. 

Also CCl4 metabolites may involves the production of free radicals through its activation by drug metabolizing 

enzymes located in the endoplasmic reticulum [10]. 

The increase of antioxidant enzyme activities may be considered as a protective mechanism against heat 

induced free radical production and lipid peroxidation [11;12]. Expression of several cytokines has been 

described in human liver diseases and experimental liver injuries. CCl4 is a hepato-toxin, causing liver necrosis, 

fibrosis and cirrhosis when administered sequentially. Hepatotoxicity is thought to involve two phases [13]. 

First, CCl4 is metabolized by cytochrome P450 in hepatocytes, giving rise to highly reactive trichloromethyl 

radicals. Second, inflammatory responses caused by CCl4 play an important role. In the latter process, some 

hepatic cells, including Kupffer cells (KCs), hepatic stellate cells (HSCs) and sinusoidal endothelial cells 

(SECs) are activated to secrete cytokines which mediate the liver fibrogenesis. Several functions have been 
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attributed to cytokines, including activation of HSCs, modulating expression and deposition of matrix proteins 

and regulating the regeneration of hepatocytes. Therefore, resolution of liver fibrosis could be associated with 

the down regulation of inflammatory responses mediated by cytokines [14 and 15]. Tumor-necrosis factor 

(TNF) and interleukin-2  are considered major hepatotoxicity mediators in several experimental models of liver 

injuries [16]. 

N. sativa (NS) has been extensively studied for its activities and therapeutic potential and shown to possess 

anticancer, immunomodulator and anti-inflammatory effects hepatoprotective and anti-oxidant properties [17]. 

Also, NS  has been reported to be potent and protective against the effects of a variety of hepatotoxic and 

genototoxic agents, such as terta-butyl, hydrogen peroxide, CC14, doxorubicin and cisplatin [18]. Clinical and 

experimental researches have shown many therapeutic effects of NS extracts such as immunomodulatory, anti-

inflammatory and anti-tumor, antibacterial agents [19; 20; 21 and 22]. The aim of the present study is to throw 

light on the protective and therapeutic effects of N. sativa oil (NSO) on the toxic effect of CCl4, in rats taking, 

liver functions, antioxidant status and the level of some inflammatory cytokines in rats as indicative parameters.       

 

MATERIAL AND METHODS 

 

Experimental animals: 

The present study was conducted on forty two female albino Wistar rats (weighed about 100-150 gm.) 

obtained from Helwan animal station, Ministry of Health, Egypt. Animals were allowed to adapt for two weeks 

and housed in animal house of Zoology Department, Faculty of Science, Damietta University, Egypt. 

 

Experimental design: 

Animals were randomly divided into six groups (each of 7 rats). Control group: not injected with CCl4 and 

considered normal control group. Olive Oil group: injected i.p. with 1 ml/kg olive oil 3 times weekly, for 4 

weeks. CCl4 group: rats' injected i.p. with CCl4 0.5 ml/kg body weight mixed (v/v) with olive oil three times 

per week for 4 weeks. CCl4 & Nigella sativa oil: injected i.p. with CCl4 (0.5 ml/ kg b. wt.) then, given NSO (2 

ml/kg) orally using stomach tube, 3 times weekly, for 4 weeks. Therapeutic group: injected i.p. with CCl4 

(0.5ml/ kg b. wt.), 3 times weekly, for 4 weeks and at the end of the 4th week of CCl4 injection, rats were given 

orally Nigella Sativa oil (NSO) (2 ml/kg b. wt.), 3 times weekly, for 4 weeks. Protective group: rates were 

given orally NSO (2ml/kg b. wt.), 3 times weekly, for 4 weeks. Followed by i.p. injection with CCl4 (0.5 ml/ kg 

b. wt.), 3 times weekly, for 4 weeks. At the end of 4
th

 week, rats of the first 4 groups and after 8weeks for the 

protective and therapeutic groups were sacrificed and whole blood and serum samples were collected for the 

physiological, immunological and histopathological studies. 

 

Physiological studies: 

ALT, AST, GGT enzymes, albumin and total proteins were done according to manufacturer instructions of 

Diamond Co. Cairo, Egypt. Also, glutathione reductase (GR), Superoxide dismutase (SOD) and 

malondialdyhide (MDA) were done according to manufacturer instructions of Bio Diagnostics Co. Cairo, Egypt. 

 

Tumor Necrosis Factor- alpha (TNF- α), IFN-γ and IL-2 assays: 

Serum TNF-α was measured by ELISA kit (Ray Biotech, Inc., Norcross, Georgia, USA) while, serum IFN-

γ and IL-2  were measured by the ELISA Kit ( Boster Biological Technology Co., Ltd., Pleasanton, CA. All 

methods were based on standard sandwich enzyme-linked immune-sorbent assay technology. 

 

Statistical analysis: 

Statistical Package for social sciences (SPSS Inc., Chicago, IL, USA) version 17 for windows was used for 

the statistical evaluation of the results. All data were expressed as mean ± SD. Statistical significance for data 

was determined using a T-test with post-hoc test, significance calculated by Tukey test to find inter-group 

significance. The level of significance was accepted as P < 0.05. 

 

Results: 

1. Physiological Studies: 

1.1. Liver Functions: 

Table (1), showed that, the activity of ALT enzyme was significantly increased (P<0.001 & P< 0.05) in 

CCl4 and therapeutic and protective groups, compared with normal control group. AST enzyme activity was 

highly significantly increased (P< 0.0001) in CCl4 group, compared with normal control group. On the other 

side, the activity of AST enzyme was significantly decreased in CCl4 & NSO and protective groups  compared 

with CCl4 group (P < 0.05). The results of GGT enzyme activity showed that there was no significant increase in 

CCl4 & NSO and therapeutic groups compared with normal control group (P < 0.05). However a significant 

decrease was observed between the protective group and CCl4 group(P<0.05). 
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Table 1: Liver functions of the tested groups 

             Groups 

 

Parameter 

Normal 

(n=7) 

Olive oil 

(n=7) 

CCl4 

(n=7) 

CCl4&NSO 

(n=7) 

Therapeutic group 

(n=7) 

 

Protective group 

(n=7) 

ALT 

(U/ml) 
39.9±4.8 33.5±7.8 

60.3±10.1 

P1 < 0.001* 

49.4±11.7 

P1 > 0.05 
  P 2< 0.05* 

38.7.1±14.1 

P 1< 0.05* 
        P2> 0.01 

55.02± 3.9 

 P 1<  0.05* 
P 2 > 0.05 

AST 

(U/ml) 

103.7±18.

8 
151.5±23.5 

164.1±23.7  

P1< 0.0001* 

86.3 ± 32.5 

P1 > 0.05 
  P2 < 0.05* 

153.0±20.4     

 P1  >  0.05              
P 2 > 0.05 

127.0±34.3 

 P 1 < 0.001* 
P 2 < 0.05* 

GGT 

(U/ml)) 
3.0 ±0.7 2.2 ± 0.9 

4.5 ± 0.5 
P 1 >  0.05 

3.1 ± 1.6 

  P 1 <  0.05*            

P 2 >  0.05 

3.0 ± 1.2 

 P 1 < 0.05* 

P 2 > 0.05 

2.1±0.9 

P 1 > 0.05 

 P 2 < 0.05* 

P1: compared with normal group;   P2: compared with CCl4 group ; P > 0.05 is considered non- significant; P < 0.01 is considered highly 

significant. P < 0.001 is considered extremely significant. 

 

1.2. MDA and antioxidant Enzymes: 

The level of MDA was highly significantly increased in CCl4 , in CCl4 & NSO groups compared with 

normal control group(P<0.01).  However a significant decrease was observed in CCl4 & NSO group (P<0.05); 

therapeutic and protective groups, compared with CCl4 group (P<0.01), (Table, 2).  

From table (2), the activity of glutathione reductase (GR) was extremely significantly decreased in CCl4, 

CCl4 & NSO and protective groups (P<0.001), compared with normal control group (P<0.05). The activity of 

glutathione reductase was increased in the therapeutic group as compared with CCl4 group. Moreover from 

table (2), there was a significant decrease in the percent of SOD enzyme (P<0.05) in all groups compared with 

the normal control group (P<0.05 and P<0.001). 

 
Table 2: Lipid peroxide and antioxidant Enzymes of the tested groups.  

Groups 

 

Parameters 

Normal 

(n=7) 

Olive oil 

(n=7) 

CCl4 

(n=7) 

CCl4 &NSO 

(n=7) 

Therapeutic group  

(n=7) 

Protective group 

(n=7) 

Lipid peroxide  

(nm/ml) 
17.4± 4.8 24.5 ± 9.1 

44.4 ± 10.1  

P 1 <0.01* 

30.5 ± 7.8 
P 1 <0.01*     

P 2< 0.05* 

17.5± 4.7 
 P 1>  0.05    

 P2< 0.01* 

14.2± 3.9 
P 1>  0.05       

P 2< 0.01* 

Glutathione 

reductase 

(mg/dl) 

33.3± 7.3 29.8 ± 10.4 
20 ± 12.7  

  P 1 < 0.05* 

17.3 ± 6.0 

  P 1 < 0.001* 
P 2 >  0.05 

32.8± 16.2 

 P1  >  0.05      
   P 2 < 0.05* 

24.0± 6.7 

    P 1 < 0.05*      
  P 2 > 0.05 

Superoxide 

dismutase 

 (%)  

42.5± 6.0 46.8 ± 12.0 
26.8 ± 17.5 

 P 1< 0.05* 

22.8 ± 9.4 

  P 1 < 0.001*  
P 2 >  0.05 

24.1 ± 2.3 

     P 1 <0.0001*    
P 2>  0.05 

23.4 ± 7.0 

       P 1 <0.0001*    
 P 2>  0.05 

P1: compared with normal group;   P2: compared with CCl4 group ; P> 0.05 is considered non-significant; p < 0.05 is considered 

significant; P < 0.01 is considered high significant and P < 0.001 is considered extremely significant.%, percent of inhibition resulted from 

SOD enzyme 

 

2. Immunological Study: 

2.1. Tumor Necrosis Factor- alpha (TNF- α): 

Table (3) showed that, the level of Tumor Necrosis Factor-alpha (TNF-alpha) was extremely significantly 

increased in CCl4 (P<0.0001), significantly increased in CCl4 & NSO, therapeutic and protective groups, 

compared with normal group (P<0.05). Otherwise the level of TNF-alpha was decreased extremely in CCl4 & 

NSO group, therapeutic and protective groups, compared with CCl4 group (P<0.0001). 

 

2.2. Interferon Necrosis Factor - gamma (INF-ɤ): 

Table (3) Also showed that the level of INF-gamma (pg/ml) was extremely increased (P<0.001) in CCl4 

group compared with that of normal control group. On the other hand, there was a significant decrease in all 

groups treated by NSO orally, compared with normal group as well as CCl4 group (P<0.05).  

 

2.3. Interleukin-2 (IL-2): 

Table (3) showed that, the level of IL-2 was significantly increased (P< 0.01) in CCl4 group compared with 

the normal control group, however, there was a significant decrease (P< 0.05) in therapeutic and protective 

groups, compared with normal control group.  
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Table 3: Immunological Parameters for experimental animals  

Groups 

 

Parameters 

Normal 

(n=7) 

Olive oil 

(n=7) 

CCl4    

 (n=7) 

CCl4+NSO 

 (n=7) 

Therapeutic group  

(n=7) 

Protective group 

(n=7) 

TNF- α 

(Pg/ml) 
38.2± 10.6 37.5 ± 11.9 

312.5±54.9     

P 1 < 0.0001* 

75.0± 25.2       

P 1<  0.05*                    
P 2< 0.0001* 

51.7±15.1       

P 1<  0.05*                         
P 2< 0.0001* 

71.3±28.6        

    P 1 < 0.05 *           
P 2< 0.0001* 

INF-  γ 

(Pg/ml) 
380.2± 84.6 

192.1 ± 

37.0 

776.8±124.5   

P 1 < 0.001* 

131.3 ± 50.9     

P 1<  0.05  *             
P 2< 0.0001* 

110.6± 11.5     

P 1<  0.05 *              
P 2< 0.0001* 

151.3± 48.5   

    P 1<  0.05*               
P 2< 0.01* 

IL-2 

(Pg/ml) 
22.0± 4.9 18.6 ± 2.2 

29.0±4.3         
P 1 <  0.01* 

19.3±3.0 

P 1 >  0.05                 

P 2  >  0.05 

17.6±1.5        

 P 1<  0.05*               

P 2 >  0.05 

17.6±1.6 

P 1<  0.05*               

P 2 >  0.05 

P1: compared with normal group;   P2: compared with CCl4 group ; p < 0.05 is considered significant; P < 0.01 is considered high 

significant and P < 0.001 is considered extremely significant. 

 

Discussion: 

The human body is exposed nowadays to increasing attacks by toxic compounds in polluted air, industrially 

processed foods, alcohol and drug consumption that increases liver toxicity, leading to more and more severe 

cases of hepatic disorders [23].  Thymoquinone (the main compound of the essential oil), inhibit nonenzymatic 

lipid peroxidation in liposomes [21]. The focus of the present study determine the therapeutic and protective 

effects of NSO on CCl4 injected rats taken in consideration, liver functions, antioxidant and immunological 

status. In the present study, the repeated CCl4 treatment for 4 weeks increased the lipid peroxidation and liver 

enzymes. On the other hand, reduce the antioxidant enzyme levels. These results may indicate degenerative 

changes and hypo function of liver [24] and [25] as well as hepatic cell necrosis [26]; [27] which increase the 

release of ALT and AST enzymes in the blood stream [7]. In the present study, injection of CCl4 significantly 

increases MDA. This elevation is due to the fact that, injection of CCl4 preferentially affects cell membrane [28] 

by lipid peroxidation leading to tissue damage and failure of the antioxidant mechanisms to prevent the 

production of excessive free radicals [29]; [27]; [30]; [36]. The key that play an important role in CCl4 toxicity 

is the reactive free radical (CCl3), which is generated by its reductive metabolism by hepatic cytochrome P450. 

The reactive intermediate is believed to cause lipid peroxidation and breakdown of cellular membranes [31]. It 

has been suggested that the lipid peroxidation may be a link between tissue injury and liver fibrosis by 

modulating collagen gene expression [10].  

It was found that the fixed oil of N. sativa has both antioxidant and anti-eicosanoid effects greater than 

thymoquinone of the oil, active constituent, [21]. It has been observed that, N. sativa has a significant 

hepatoprotective effect in CCl4-administrated rabbits [32]. However, it has been found that, N. sativa can 

prevent liver fibrosis and cirrhosis, suggesting that N. sativa protects liver against fibrosis possibly through 

immune-modulator and antioxidant activities [33]. In the present study, N. sativa oil treatment alone showed 

improvement of MDA, antioxidant enzyme and liver enzyme levels compared with CCl4-treated rats. Previously 

performed clinical and experimental investigations have shown that N. sativa has a protective effect against 

oxidative damage in isolated rat hepatocytes [34].  Different extracts of Nigella sativa seed waste were evaluated 

for their hepatoprotective activities [35]. The level of TNF-α and INF-γ were increased significantly the CCl4 

group compared with normal and olive oil groups. Table [3] indicate that treatment of NSO (therapeutic, 

protective and concomitant treatment) was reduced significantly P<0.0001. However the mast reduced levels on 

was both cytokines observed in the therapeutic group than other groups treatment with NSO. IL-2 level was 

increased significantly of the CCl4 group. On the other hand, in therapeutic and protective groups, the levels of 

IL-2 were reduced compared with CCl4 group. The aqueous extract attenuated the CCl4-induced liver damage 

likely due to the decrease of pro inflammatory cytokines and T-cell proliferation. This was noticed by a 

significant decrease in both serum and tissue cytokines; tumor necrosis factor-alpha (TNF-α), interferon-gamma 

(INF-γ) and interleukin-beta (IL-1β), in the markers of liver functions; bilirubin and glutamic pyruvic 

transaminase (GPT) and in the oxidative stress markers; malondialdehyde (MDA) and glutathione content 

(GSH).   

 

Conclusion: 

The results indicated that N. sativa had protective effects against hepatotoxicity. These protective effects 

may be related to their antioxidant and anti-inflammatory properties. 
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