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Abstract 

The present paper aimed to evaluate the hepatotoxic effects of carbon 
tetrachloride and the hepatoprotective effects of bees¶ honey on rats, the 
experiment was carried out on four groups of female Wister rats. Hepatic lesions 
were induced by intraperitoneal (i.p) injection of carbon tetrachloride (0.5 ml/Kg 
body weight (b.wt)) diluted in olive oil (0.5 ml/Kg with 1:1 ratio), twice a week a 
period of for four weeks. Biochemical parameters of hepatic damage such as 
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate 
dehydrogenase (LDH) and catalase (CAT) activity were determined. Four weeks 
treatment using Carbon tetrachloride increased the serum AST, ALT and LDH 
levels significantly compared to control group (G1), while these enzymes were 
significantly reduced by the effect of honey (10%) plus CCl4 (0.5ml/Kg (b.wt) 
(i.p.)) for 4 weeks compared to CCl4 group (G3) (P<0.05), but there were 
significant decreases in catalase (CAT) values of CCl4 group (G3) compared to 
the control group (G1) (P<0.05).  
Keywords:  Liver, hepatotoxic, Free radical, Antioxidation. 

Introduction 
Liver is the first organ to be exposed to the damaging effects of the newly formed 
toxic substances. There is increasing evidence that free radicals and reactive 
oxygen species play a crucial role in various steps that initiate and regulate the 
progression of liver diseases independent of the origin agent [1, 2]. Liver injury 
induced by carbon tetrachloride is the bestcharacterized system of xenobiotics 
induced hepatotoxicity [3, 4]. Liver damage induced by CCl4 is the most widely 
used model to study hepatoprotective activity of drugs. It is one of the powerful 
hepatotoxins which cause liver tissue necrosis leading to biochemical changes [5, 

6]. CCl4 is commonly used for free radical induced liver injury [7]. Studies have 
demonstrated that CCl4 can cause generation of reactive oxygen species (ROS) in 
tissues other than liver, such as kidneys, heart, lung, testis, brain, and blood [8, 9]. 
Oxidative stress resulting from increased free radical production after CCl4-
induced toxicity may play an important role in acute and chronic liver injury. To 
prevent the damage caused by ROS, living organisms have developed an 
antioxidant defense system that includes the presence of nonenzymatic 
antioxidants (e.g., glutathione, uric acid, bilirubin, and vitamins C, E) and 
enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx) [10]. Honey is a natural product produced from the nectar and 
exudation of plants by the honeybees [11]. The natural honey has been reported to 
contain about 200 substances, which consist of not only highly concentrated 
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solution of sugars, but also the complex mixture of other saccharides, amino 
acids, peptides, enzymes, proteins, organic acids, polyphenols, carotenoidlike 
substances, vitamins, and minerals [12, 13]. Honey has a long history of use as an 
effective medicine since ancient civilization for a wide range of disease conditions 
[14]. The physiological property of honey has been attributed to production of 
hydrogen peroxide formed by the enzyme glucose oxidase; antioxidant content, 
low pH value; osmotic action, and a variety of enzymes [15]. Honey contains a 
significantly high level of antioxidants, both enzymatic and nonenzymatic, 
including catalase, phenolic acids, flavonoids, carotenoids, organic acids, ascorbic 
acid, amino acids, proteins and Maillard reaction products [16, 12, 17, 18, and 19]. 
Chemically, a free radical is any atom such as oxygen or nitrogen with at least one 
unpaired electron present, and is able to exist independently [20]. Free radicals can 
easily be formed in three ways: 1) by the homolytic cleavage of a covalent bond, 
generally incurring by high energy input; 2) by the loss of a single electron from a 
normal molecule; 3) by addition of a single electron to a normal molecule [21]. 
These free radicals that are highly reactive molecules can be extremely damaging 
to the lipids, proteins and cellular deoxyribonucleic acid (DNA) [22]. Which may 
lead to many biological complications, including carcinogenesis, mutagenesis, 
aging, and atherosclerosis [23]. Natural products have been used for many years in 
folk medicine. Apitherapy, or therapy with bee products (e.g., honey, pollen, 
propolis, fortified honey, etc.) is an old tradition that has been revitalized in recent 
research [24]. Natural products with biological activity are the main sources for 
new chemical structures and are useful in the development of molecules with 
potential utilization in pharmacology, agronomy and other areas. Increasing 
interest is being focused on secondary metabolites with putative roles in chemical 
communication between organisms [25]. 

MATERIALS AND METHODS  

Chemicals used: All chemicals were of the highest commercially available 
purity. The kits for all biochemical estimation (ALT, AST, LDH and CAT) were 
purchased from Biodiagnostics Co. (Cairo, Egypt). Activities of enzymes were 
determined using commercial kit. CCl4 was purchased from Research labs of 
faculty of science, Elmergib University while olive oil and honey used were of 
herbal markets Liby.  

Experimental animals: Forty female Wister albino rats weighing 120-150 g were 
purchased from the animal house of Biochemistry Department of faculty of 
medicine. Animals were maintained on standard diet and housed, in polystyrene 
cages in room free from any source of chemical contamination, artificially 
illuminated (12 h dark/light cycle) and thermally controlled (25± 2°C) All animals 
received humane care in compliance with the guidelines of the Ethics committee. 

Experimental design:  Hepatotoxicity was induced by CCl4 (0.5 ml/kg body 
Weight (b.wt) in olive oil (0.5 ml/kg b.wt) (1:1 v/v), injected intraperitoneally 
(i.p) twice a week for 4 weeks according to the method described by Akram et al., 
(2012) [26].  The present study was designated to determine the toxic effects of 
CCl4 on rats and the possible protective role of honey bee. Therefore, rats were 
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randomly divided into 4 groups each group containing of 10 female rats treated as 
follows:  

Group (1): Control group: Untreated control, fed in normal diet. 

Group (2): Olive oil group: Rats were injected interperitoneally (i.p) twice a 
week with olive oil (0.5 ml/kg b.wt) for 4 weeks. 

Group (3): CCl4 group: Rats were injected twice a week with CCl4 (0.5 ml/kg 
b.w) in Olive oil (0.5 ml/kg b.w) ( 1:1) (i.p) for 4 weeks. 

Group (4): Honey group: Rats were injected with CCl4 (0.5 ml/kg b.w) in olive 
oil (0.5 ml/kg b.w) ( 1:1) (i.p) and honeybee (10%) daily in drinking water for 4 
weeks. 

At the end of 4th week, rats were anaesthetized by Chloroform, and each blood 
sample was withdrawn directly from heart. Blood samples were obtained by 
centrifugation for 10 minutes at 4000 rmp. Serum was used for further 
biochemical parameters estimation. These samples were kept in clean well-
Stoppard plastic vials at ± 20 ஈC until assayed. 

Statistical analysis:  All statistical analyses were done by a statistical software 
package (SPSS 15.0 for Microsoft, SPSS Inc.) The results are expressed as means 
± standard deviation (S.D). The difference between experimental groups were 
compared by one-wa\ ANOVA (Newman¶s Keuls test) followed b\ Student¶s 𝑡-
test and were considered statistically significant when P< 0.05, and were 
considered statistically significant when P< 0.05. 

RESULTS 

The results in Table 1. Indicated that animals treated with CCl4 showed a 
significant increase in ALT, AST and LDH compared to normal animals¶ group 
(P<0.05), while prophylactic administration of honey showed a significant 
decrease in the activity of LAT and LDH enzymes (P<0.05), in addition, there 
was a non-significant improvement in AST compared with CCl4-treated group 
(P>0.05). Also, table 1. Indicates that, there is a non-significant decrease of (ALT, 
AST) and a non-significant increase of (LDH) between olive oil group (G2) 
compared with the control group (G1) (P>0.05). 
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Table 1. Effects of honey on CCl4-induced liver damage in rats 
Serum Enzymes 
Groups                    ALT (U/L)                AST (U/L)                           LDH (U/L)   
Control                    43.6±10.9                243.2±113.1                        425.1±113.1 
Olive oil                  43.3±14.2                214.3±68.8                          513.3±142.2 
CCl4                        72.5±13.6a               350.5±74.4a                         871.6±96.3a 

Honey+CCl4           53.3±15.1ab              304.0±62.9a                         565.5±184.6ab   

Note: Values were expressed as mean±SD (n=10);  aP < 0.05 versus group1, bP < 
0.05 versus group 3. 
 
 
 
 
 
 
 

 

 

 

Figure 1. Effect of bees¶ hone\ on catalase levels of rats liver treated with carbon 
tetrachloride. 
Figure 1. Show a significant decrease (P<0.05) in activity of CAT in CCl4-treated 
group compared control group. The results also indicated that treatment with 
honey resulted in a significant increase (improvement) in CAT compared to CCl4-
treated group, while there is a non-significant decrease in activity of CAT 
between olive oil group (G2) compared with control group (G1) (P>0.05).  
Table 2. Correlation between (LDH, CAT) and (ALT, AST) 

Enzymes  ALT AST 
 
LDH 

r .704** .645** 
P value .000 .000 
N 35 36 

 
CAT 

r -.343* -.301 
P value .041 .066 
N 36 38 

r = Correlation coefficient, N = number of cases, *Correlation is significant at the 
0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed). 

Table 2. A significant negative correlation was found between CAT, and ALT (r 
= - 0.343, P = 0.41). In addition, a significant positive correlation was between 
LDH, and ALT, AST (r = 0.704, P = 0.000& r = 0.645, P = 0.000) respectively. 
However, a non-significant correlation was recorded between CAT and AST.   
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Discussion 
Carbon tetrachloride (CCl4) is one of the most extensively studied 

hepatotoxicants and the mechanism by which CCl4 causes hepatotoxicity is well 
documented [27]. The hepatotoxicity induced by CCl4 is due to its metabolite 
trichloromethyl free radicals (CCl3

*), a free radical that binds to lipoprotein and 
leads to peroxidation of lipids of the endoplasmic reticulum which causes changes 
in the physical and chemical properties of cellular membranes, thus effecting their 
fluidity and permeability for ion exchange, resulting in leakage of enzymes in 
blood and finally results in swelling, cytolysis, and cell death [28]. 

Hepatic cells contain high concentrations of hepatic enzymes in the 
cytoplasm, and AST particularly exists in the mitochondria. Due to the damage 
caused to hepatic cells, the leakage of cytosol increases the levels of these 
hepatospecific enzymes in the serum. The elevated serum enzyme levels such as 
AST and ALT are indicative of cellular leakage and functional integrity of cell 
membrane in the liver [29]. Measurement of the activities of marker enzymes, like 
AST and ALT can be used in the assessment of liver function. The enzymes are of 
major importance in assessing and monitoring liver cytolysis. Their presence in 
the serum may give information on organ dysfunction [30]. In the present study, 
there is a significant increase in serum ALT, AST and LDH. These results may 
indicate degenerative changes and hypofunction of liver [31]. Which increase the 
release of ALT and AST in the blood stream [32]. Liver function tests showed 
that honey leads to some improvement in rats treated with honey (10%). These 
results are in agreement with Resende et al., (2003) [33]. CAT is a key component 
of the antioxidant defense system. 

In the present study, honey treatment has been found that the enzymes 
ALT, AST were significantly decreased compared CCl4 group. On the contrary, 
treatment with honey significantly increased the antioxidant enzymes levels such 
as CAT. This increase is due to the ability of honey to prevent the formation of 
free radicals, enhance the endogenous antioxidant activity beyond its free radical 
scavenging property and the reduction of hepatic lipoperoxide formation [34]. 

Conclusion:  
This work revealed the protective effect of honey to the liver of rats 

against carbon tetrachloride toxicity. This was concluded from the improvement 
in all biochemical tests compared with the carbon tetrachloride supplemented rats. 
This protective effect of honey may be attributed to the biologically active 
compounds such as vitamins, flavonoids, and antioxidants that work together to 
scavenge free radicals. Therefore, bees¶ hone\ can be used to protect animals and 
humans against the adverse effects of carbon tetrachloride toxicity. 
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