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ABSTRACT 

Natural products, most especially from plant origin, possess 

antioxidant properties which are known to play crucial roles in 

preventing and treating various pathological conditions occasioned by 

free radicals. Crassocephalum rubens is a one of those plants, and this 

study investigated the protective properties of ethanolic extract of C. 

rubens (EECR) leaves against hepatic damage induced by carbon 

tetrachloride (CCl4). Thirty rats divided into 6 groups (n=5) were used 

for the investigation. Group 1 served as normal control while groups 2, 

3 and 4 were pretreated for 21 days with EECR leaves at 150 mg/kg, 

300 mg/kg and 450 mg/kg b.w. respectively, prior to a single 

intraperitoneal administration of CCl4. Animals in groups 5 received   

only the extract at a dose of 450 mg/kg body weight while animals in group 6 were given 

only CCl4. All animals were sacrificed 24 h after the administration of CCl4. CCl4 

significantly (p < 0.05) induced marked hepatic damage as revealed by increased activities of 

plasma ALT, AST, GGT and ALP. Also, plasma total protein and albumin were significantly 

decreased in CCl4-treated animals relative to normal control. Analyses of antioxidant status 

showed that CCl4 elicited a significant decrease in the activities of antioxidant enzymes, with 

an increase in malondialdehyde levels in liver. Pre-treatment with the EECR leaves at all 

doses tested however, significantly (p<0.05) reduced the observed biochemical lesions. The 

hepatoprotective effect of the EECR may be traceable to the presence of phytochemicals 

inherent in the plant. 
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INTRODUCTION 

Free radicals, particularly reactive oxygen species (ROS) have a greater impact on human 

both within the body and the environment. The harmful and adverse effect of free radicals 

causing potential biological damage is termed oxidative stress and nitrosative stress.
[1] 

Oxidative stress results from the metabolic reactions that uses oxygen and represent a 

disturbance in the equilibrium status of prooxidant/antioxidant reactions in living organisms. 

The excess ROS can damage cellular lipids, protein or DNA, thereby inhibiting their normal 

functions. Oxidative stress has therefore been implicated in a number of human diseases such 

as cardiovascular disease, cancer, diabetes, liver cirrhosis, hepatitis as well as in ageing 

process.
[2] 

 

Toxicants, such as carbon tetrachloride, are known to cause fatty acid accumulation and 

hepatic necrosis.
[3]

 CCl4 is activated by cytochrome P450
[3]

 and causes disorders in many 

tissues including liver, kidney, lungs, testis and brain as well as in blood.
[4-7] 

 

The liver is known to play a number of vital roles and these functions are often compromised 

in liver pathology. Treatment or prevention of liver diseases is still a major challenge as the 

only hope for long term survival for patients is resection and transplantation, which are often 

outside the reach of many people especially in developing countries. 

 

Natural products, most especially from plant origin, possess antioxidant properties which are 

known to play crucial roles in preventing and treating various pathological conditions 

occasioned by free radicals. Over 5000 plants are known to be used for medicinal purposes in 

Africa, however only a few of these have been studied.
[8]

 There is therefore need to screen 

more plants so as to contribute to the search for a cheap, safe and readily available remedy 

against several ailments, most especially liver diseases. To the best of our knowledge, there 

has been no report on the protective properties of Crassocephalum rubens against CCl4 - 

induced liver damage. In this study, the ethanolic extract of the leaves of C. rubens were 

evaluated for its hepatoprotective potential against CCl4-induced damage in rats. 

 

Crassocephalum rubens belongs to the family Asteraceae. It is highly consumed in south-

western part of Nigeria and other humid zones of west and central Africa. The leaves are 
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eaten raw or cooked in sauce. They are used as a nutraceutical and are believed to have 

antibiotic, anti-helminthic, anti-inflammatory, anti-diabetic, anti-malaria and blood regulation 

properties. They are known to also treat hepatic insufficiency, indigestion, colds and 

intestinal worms.
[9]

 The phytochemical analysis of C. rubens revealed the presence of 

tannins, coumarins, mucilage, flavonoids, proanthocyanidin, reducing compounds and 

steroids in the leaves of C. rubens.
[9,10]

 Methanolic extract of Crassocephalum rubens was 

shown to exhibit potent antioxidant activity both in vitro and in vivo.
[11]

 In view of these, C. 

rubens can be considered as one of the plants possessing significant antioxidant or free 

radical scavenging activities, and can therefore be suggested to be active in the prevention of 

cellular damage occasioned by CCl4. 

 

MATERIALS AND METHODS 

Chemicals 

Carbon tetrachloride was purchased from Sigma-Aldrich, USA. All chemicals and reagents 

used were of analytical grade while the water was glass distilled.  

 

Collection and identification of plant material 

The leaves of Crassocephalum rubens were obtained from Bisi market Ado-Ekiti, Ekiti state 

in October, 2014 and were then authenticated at the Department of Plant Science, Ekiti State 

University, Ado-Ekiti, Nigeria. The voucher specimen of the plant is available. A sample of 

the plant portion was deposited at the Departmental Herbarium for future reference. 

 

Preparation and administration of extract 

The plant sample of the plant was air dried and blended. The blended leaf material was then 

soaked in absolute ethanol for 24 h following which it was filtered using Whatman filter 

paper number 1. The filtrate was then concentrated at 45 
o
C using a rotary evaporator. The 

extract was administered orally using gavage according to the required doses of 150, 300 and 

450 mg/kg body weight for 21 days. 

 

Experimental animals 

A total of 30 Wistar strains of albino rats weighing between 180 and 220g was used for the 

experiment. They were housed in clean plastic cages and maintained under standard 

laboratory conditions. They were fed with pelletized rat feed and water ad libitum. The 

procedures adopted in this study were in accordance with Guidelines for Care and Use of 

Laboratory Animals in Biomedical Research of the National Institutes of Health of the United 
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States (NIH Publication, revised in 1985). All animal experiments were approved by the 

animal care committee of the Afe Babalola University Research Center, Ado-Ekiti, Ekiti 

State, Nigeria. 

 

Grouping of animals 

The animals were divided into 6 groups of 5 animals each. Group 1 (normal control) animals 

received normal feed while animals in group 2 received normal feed and C. rubens leaf 

extract at a daily dose of 150 mg/kg body weight. Group 3 animals received normal feed and 

leaf extract at a daily dose of 300 mg/kg body weight while animals in group 4 received 

normal feed and extract at a daily dose of 450 mg/kg body weight. Animals in group 5 

received normal feed and leaf extract at a daily dose of 450 mg/kg body weight. Group 6 

(negative control) animals received normal feed and a single intraperitoneal administration of 

CCl4 only. Administration of different doses of the leaf extract lasted for 21 days following 

which, animals in groups 2, 3 and 4 received a single intraperitoneal injection of CCl4 after an 

overnight fast. 

 

Administration of CCl4 

Where necessary, each animal received 3 ml/kg body weight of a 1:1 preparation of CCl4 and 

groundnut oil (in the ratio 1:1).  

 

Preparation of plasma and liver homogenate 

The rats were sacrificed by cervical dislocation 24 h after CCl4 administration and then 

dissected. Blood samples were collected from the heart using the heart puncture technique. 

Blood was collected in heparinized bottles. The blood samples were subsequently centrifuged 

at 3000 rpm for 10 min using a bench centrifuge to obtain plasma. The plasma obtained was 

separated, and transferred into fresh plain sample bottles and used for the subsequent 

biochemical analyses. The liver of each animal was excised immediately after sacrifice. They 

were rinsed in ice-cold 1.15% potassium chloride, blotted with filter paper and weighed. 

Weighed portions were minced with scissors in 4ml of ice-cold 0.1M phosphate buffer, pH 

7.4 and homogenized in a Potter-Elvehjem homogenizer. The homogenates were later 

centrifuged using refrigerated centrifuge at 12,000 x g for 15 min at 4
o
C to obtain clear 

supernatants, which were used for subsequent biochemical analyses. 

 

Biochemical analyses 

Biochemical analyses carried out included measurement of the activities of plasma alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (γ-
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GT or GGT) and alkaline phosphatase (ALP); plasma total protein and albumin 

concentrations. The determination of the concentrations of these biochemical parameters was 

done using commercially available test kits, products of Randox Laboratories (Crumlin, 

United Kingdom). 

 

Antioxidant assays 

Lipid peroxidation was assessed by measuring the formation of thiobarbituric (TBA) reactive 

substances according to the method described by Varshney and Kale.
[12]

 Catalase (CAT) 

activity was determined according to the method of Sinha.
[13]

 Superoxide dismutase (SOD) 

activity was measured as described by Misra and Fridovich.
[14] 

 

Histopathological assessment 

Liver sections from rats of different groups were fixed in 10% neutral formalin solution, 

dehydrated in graded alcohol, and embedded in paraffin. Fine sections obtained were 

mounted on glass slides and counter-stained with hematoxylin-eosin for light microscopic 

analyses. To eliminate bias, the slides which were coded, were examined and photographed 

by a qualified histopathologist who had no knowledge of the treatment groups. 

 

Statistical analysis  

Statistical analysis was done by one-way analysis of variance (ANOVA) using windows 

SPSS software package. Post-hoc testing was performed for inter-group comparisons using 

the Least Significant Difference (LSD) test according to the method described by Zar.
[15]

 In 

all instances p values < 0.05 were considered statistically significant. 

 

RESULTS 

Figure 1 revealed the effect of ethanolic extract of Crasocephalum rubens (EECR) leaves on 

CCl4 - induced changes in plasma marker enzymes. Intraperitoneal administration of CCl4 

resulted in marked tissue damage as revealed by significant elevation in the activities of ALT, 

AST, GGT and ALP when compared with normal control group (p<0.05). Pretreatment with 

EECR leaves at 150 mg/kg, 300 mg/kg and 450 mg/kg body weight produced a significant 

decrease in the activities of these enzymes when compared with CCl4 group. Treatment with 

450mg/kg leaves extract produced a non significant difference in the activities of these 

enzymes when compared with normal control group. Pre-treatment doses did not show any 

significant difference in the activities of these enzymes except in the ALP activity where a 
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significant difference was observed at 150 mg/kg b.w. relative to 300 mg/kg and 450 mg/kg 

b.w. groups. 

 

 

Figure 1: Effect of EERC leaves on CCl4 - induced changes in plasma ALT, AST, GGT 

and ALP.  

Values are expressed as Mean ± SEM (n = 5) 

a
p<0.05 when compared with Normal group 

b
p<0.05 when compared with CCl4 only 

c
p<0.05 comparison among different doses of extract 

 

Figure 2 showed the effect of ethanolic extract of the leaves of Crasocephalum rubens on 

CCl4 - induced changes in plasma total protein and albumin. A significant decrease in the 

concentrations of total protein and albumin was observed following an intraperitoneal 

administration of CCl4 when compared with normal group (p<0.05). Pre-treatment with 

EECR (leaves) at 150 mg/kg b.w., 300 mg/kg b.w. and 450 mg/kg b.w. resulted in 

significantly increased concentration of total protein and albumin when compared with the 

CCl4 group. Treatment with 450mg/kg b.w. extract produced a non significant difference 

when compared with normal group. There were no significant differences among the tested 

doses. 
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Figure 2: Effect of EECR leaves on CCl4 - induced changes in plasma total protein and 

albumin levels. 

Values are expressed as Mean ± SEM (n = 5) 

a
p<0.05 when compared with normal group 

b
p<0.05 when compared with CCl4 only 

 

Figure 3 shows the effect of ethanolic extract of the leaves of Crasocephalum rubens on CCl4 

- induced changes in liver lipid peroxidation product (MDA), Superoxide dismutase (SOD) 

and Catalase (CAT). Malondialdehyde (MDA), an index of lipid peroxidation was 

significantly increased by the administration of CCl4 when compared with normal control 

group (p<0.05). The induced peroxidation due to this increase was prevented by pretreatment 

with EECR leaves at 150 mg/kg b.w., 300 mg/kg b.w. and 450 mg/kg b.w. doses. Treatment 

with 450mg/kg b.w. leaves extract produced a non significant difference in the MDA level 

when compared with the normal group. Liver antioxidant marker enzymes (SOD and 

Catalase) activities on administration of CCl4 on rats were significantly reduced when 

compared with normal control group (p<0.05). Pretreatment with EECR leaves at all the three 

doses gave a significant increase in their activities when compared with the toxicant group. 

Treatment with 450 mg/kg b.w. produced a non significant difference in the enzymes 

activities when compared with the normal control group. Pre-treatment doses did not show 

any significant difference in the activities of these enzymes except in the MDA level where a 

significant difference was observed at 150 mg/kg b.w. relative to 300 mg/kg and 450 mg/kg 

b.w. groups. 
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Figure 3: Effect of ethanolic extract of the leaves of C. rubens on CCl4 - induced changes 

in Plasma MDA, SOD and Catalase. 

Values are expressed as Mean ± SEM (n = 5) 

a
p<0.05 when compared with normal group 

b
p<0.05 when compared with CCl4 only 

c
p<0.05 comparison among different doses of extract 

 

Histopathology of the Liver 

Histopathological examination of the liver sections from normal and 450 mg/kg EECR alone 

groups show no significant lesions (plate 1 (a and e)). The liver of rats pretreated with 150 

mg/kg of EECR showed mild steatosis and inflammation (plate 1 (b)). With 300 mg/kg 

EECR pretreatment, lymphatic filtration was observed (plate 1 (c)). Pretreatment of rats with 

450 mg/kg EECR showed multiple focal areas of granulation and mild steatosis (plate 1 (d)). 

In rats treated with CCl4 only, multiple foci of hepacellular necrosis with cellular infiltration 

by lymphocytes and macrophages was seen (plate 1 (f)). 
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Plate 1: Histopathological results (x 400): a. Normal control; b. 150 mg/kg EECR + 

CCl4; c. 300 mg/kg EECR + CCl4; d. 450 mg/kg EECR + CCl4; e. 450 mg/kg EECR 

only; f. CCl4 only (negative control) 

 

DISCUSSION 

Carbon tetrachloride toxicity is an established model for the evaluation of hepatic damage.
[16-

18]
 The toxic effect of CCl4 manifested as markedly elevated levels of the enzymes ALT, 

AST, ALP and 𝛾-GT. This is clearly indicative of cellular damage and loss of architectural 

and functional integrity of the membrane. Plasma levels of ALT and AST was shown to be 

crucial parameters in the diagnosis of liver damage.
[19]

 Damage to liver cells results in the 

leakage of intracellular enzymes into plasma, thus raising plasma concentration of such 

enzymes as observed in this study. Increased activities of plasma ALP may be due to its 

increased synthesis as a result of biliary obstruction as seen in cholestatic disease of the liver. 

GGT is a membrane-bound enzyme and a raised level in plasma is an indicator of cell or 

tissue damage.
[20] 

 

It was reported that serum transaminases returned to normal activities with the healing of 

hepatic parenchyma and regeneration of hepatocytes.
[21]

 This effect may be an indication that 

EECR leaves offer protection against CCl4 toxicity probably by protecting the structural and 
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functional status of hepatocytes, with preservation of cellular architecture and by stabilizing 

the cell membrane. 

 

The administration of CCl4 adversely interferes with protein metabolism probably by 

inhibiting the synthesis of proteins such as albumin.
[22]

 In consonance with previous studies, 

[23-25]
 the present study showed that CCl4 induced significant decrease in the plasma total 

protein content. Thus, a decline in total protein could be seen as a useful index of the severity 

of cellular dysfunction in chronic liver diseases. It was reported by Lin et al.
[26]

 that an 

increase in the levels of plasma total protein and albumin, as observed in this study, is an 

indication of the stabilization of plasma membranes as well as repair of hepatic tissue damage 

caused by CCl4. 

 

Lipid peroxidation of polyunsaturated fatty acids forms products such as MDA, which is 

regarded as a cancer-promoting substance.
[27]

 CCl4 treatment increased tissue MDA content, 

as previously reported by some researchers.
[28-30]

 They attributed the increase in MDA levels 

to enhanced lipid peroxidation, thereby leading to tissue damage. Also, to the failure of 

antioxidant defense mechanisms to prevent the formation of excessive free radicals. This then 

alters the ratio of polyunsaturated to other fatty acids, thus, leading to a decrease in 

membrane fluidity, which may be sufficient to cause cell death.
[31]

 CCl4 administration also 

resulted in an increase mobilization of antioxidant enzymes: Superoxide dismutase (SOD) 

and catalase (CAT), which ultimately led to their depletion.
[28]

 SOD and CAT have been 

reported to be the major antioxidant defense components that catalyze the dismutation of 

superoxide radical (O2
-
) to H2O2 and decomposition of H2O2 to H2O, respectively.

[32-34]
 It 

could be deduced, therefore, that the prevention in the formation of free radicals by EECR 

leaves can be as a result of the antioxidant potential of the plant. This can be linked to the 

mechanism of hepatoprotection by antioxidants. 

 

The present results of biochemical alterations were insured by histopathological examination 

of the liver in the intoxicated rats, which revealed degenerative and necrotic changes. This is 

evident that the leaves extract of C. rubens showed excellent protection on CCl4-induced 

tissue damage. The study provided preliminary information on the safety profile of the extract 

and evidence on the potency of the leaves of C. rubens as a hepatoprotective agent. More 

studies are however needed to investigate the effect of the plant on the kidney and other 

tissues. 
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CONCLUSION 

It can be concluded that ethanolic extract of the leaves of Crasocephalum rubens possess 

antioxidant and medicinal values, sufficient to protect against CCl4-induced hepatotoxicity in 

Wistar rats. Thus, this may be traceable to the presence of phytochemicals such as flavonoids 

and phenolic compounds inherent in the plant. 
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