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Hepatoprotective effect of methanol seed extract of Sphenostylis stenocarpa (Hoschst
ex. A. Rich, Harms) against carbon tetrachloride induced liver toxicity in wistar rats
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ABSTRACT
The present study was carried out to evaluate the effect of methanol seed extract of Sphenostylis stenocarpa (African yam bean) on some
antioxidant and liver marker enzymes of rats treated with CCl4 as well as the acute toxicity test of the extract. Twenty four (24) Wistar rats were
randomly distributed into 6 groups of 4 rats each. Group 1 rats were not induced with CCl4 and were given normal rat feed and water (normal
control). Groups 2-6 were induced with CCl4. Group 2 rats received no treatment (negative control) and those in group 3 received 300 mg/kg
body weight of ascorbic acid (standard drug). Groups 4, 5 and 6 were treated respectively with 200, 400 and 800 mg/kg body weight of S.
stenocarpa methanol seed extract. The acute toxicity test (LD50) of the extract showed no toxicity up to 5000 mg/kg body weight. This showed
that the seed of the plant is safe for human and animal consumption. The glutathione concentration, catalase and superoxide dismutase
activity of the rats increased significantly (p<0.05) in a dose dependent manner in all the treatment groups. The methanol seed extract had a
positive effect on the antioxidant enzymes of rats treated with CCl4. There were no significant (p>0.05) increase in the alanine aminotransferase, Aspartate aminotransferase and alkaline phosphatase activity of rats in all the treatment groups. These suggest that S. stenocarpa
seeds possess some antioxidant and non-hapatotoxic properties.
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INTRODUCTION
Antioxidants are compounds that are capable of delaying or inhibiting the oxidation of lipids or other biomolecules by inhibiting the
initiation or propagation of oxidizing chain reactions (Wang and
Ballington, 2007). There is an increasing interest in the biochemical
basis of and on the mechanism of action of protective effect of naturally occurring antioxidants in biological systems (Omale et al., 2009).
A large number of medicinal plants and their purified constituents
have shown beneficial therapeutic potentials.
Carbon tetrachloride (CCl4) is a hepatotoxic solvent that produces
several biochemical effects on animal organs. The toxicity of CCl4
requires activation by the liver microsomal mixed function oxidase
(CYP 2EI) to produce trichloromethyl radical (•CCl3) (Albano et al.,
1982), which is subsequently converted into a trichloromethyl peroxyl
radical (•CCl3OO.) in the presence of oxygen (Khan and Younus, 2011;
Halliwell and Gutteridge, 2007). The trichloromethyl peroxyl radical
oxidizes membrane polyunsaturated fatty acids via lipid peroxidation
(Slater, 1982), and the membranes of liver cells are vulnerable to be
*Corresponding author.
Okonkwo, Christopher C
Lipids and Lipoprotein Research Unit,
Department of Biochemistry,
University of Nigeria, Nsukka

attacked by both endogenously produced toxic substances and those
consumed exogenously (Olajide et al., 2009). Free radical scavenging
mechanisms and antioxidant substances play important role in the
protection against CCl4–induced hepatic damage (Xiong et al., 1998).
Several agents such as polyphenols, flavonoids and phenolic compounds, a-tocopherol (Vitamin E), ascorbic acids (Vitamin C) that are
found in various herbs spices and seeds have been reported to exhibit antioxidant activity (Aqil et al., 2006) and have also been found
to decrease and prevent CCl4 toxicity in animals (Ajiboye et al., 2010).
Also reduced glutathione, superoxide dismutase and catalase have
also been implicated to play a role in detoxification of toxic metabolites in animals produced during the metabolism of CCl4 (Ajiboye et
al., 2010). Seeds, spices and herbs are recognized as sources of natural antioxidants and thus play an important role in the chemoprevention
of diseases and aging (Khalaf et al., 2009). Natural antioxidants that
are present in herbs and spices are responsible for inhibiting or preventing the deleterious consequences of oxidative stress. African
yam bean (Sphenostylis stenocarpa) seeds have been shown to contain numerous antioxidants. Spices and herbs contain free radical
scavengers like polyphenols, flavonoids and phenolic compounds.
This necessitated the investigation of the antioxidant and liver function enzymes of rats induced with CCl4 and treated with the methanol
seed extract of S. stenocarpa.
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African yam bean, (Sphenostylis stenocarpa Hoschst ex. A. Rich, were allowed to clot for 15 min and centrifuged at 33.5 g to obtain the
Harms, Fabaceae) is an herbaceous leguminous plant occurring sera. The sera were stored frozen and used within 12 h of preparation
throughout tropical Africa and some parts of the world (Porter and for the biochemical assay.
Doyle, 1992). It is among the minor legumes in Nigeria and other
surrounding countries because it is underutilized (Umerie et al., 2009). Biochemical assay
African yam bean seeds have recently attracted research interest Biochemical parameters were assayed as decribed for alkaline phosbecause it possesses antioxidant properties against a variety of physi- phatase (ALP) (Wright et al., 1972), alanine aminotransferase (ALT)
(Bergmeyer et al., 1986a), aspartate aminostransferase (AST)
ologically relevant free radicals (Ajibolu et al., 2011). Therefore, there (Bergmeyer et al., 1986b), superoxide dismutase (SOD) (Misra and
is need to continue the investigation of the mechanism by which Fridovich, 1972), catalase (CAT) (Beers and Sizer, 1952) and reduced
plants and plant products protect and prevent tissues from damage glutathione (Ellman, 1959).
by chemical compounds such as CCl4, H2O2 etc. This potential could
enable its protective efficiency to the liver against the hepatotoxic
Statistical Analysis
effect of carbon tetrachloride (CCl4).
Data were mean of 3 replicates ± SD. Statistical analysis was carried
out using Statistical Package for Social Sciences (SPSS) version 19.
MATERIALSAND METHODS
One way analysis of variance was adopted for comparison, and the
Plant material
Dried seeds of Sphenostylis stenocarpa were purchased from Orba results were subject to post hoc test using least square deviation
market in Nsukka Local Government Area, Enugu State. The seeds (LSD). The data were expressed as mean ± standard deviation. P<
were authenticated by Mr Alfred Ozioko at the Biodiversity Centre, 0.05 was considered significant.
Nsukka, Enugu State.
RESULTS
Preparation of Methanol Seed Extract of S. stenocarpa.
The seeds were pulverized to powder with a hand Mill. About 500g of
The effect of methanol seed extract on Catalase
the pulverized seeds was macerated in 1.5 L of methanol with thorThe catalase activity of the animals were seen to increase signifiough shaking at regular intervals for 24 h at room temperature (28 ± 2
cantly (p<0.05) in all the groups treated with the methanol seed ex0
C). The resulting solution was then filtered using Whatman No. 1
tract of S. Stenocarpa. The increase was found to be in a dose depenfilter paper. A constant weight of the extract was obtained by evapodent manner with the group treated with 800 mg/kg body weight
rating the solvent at 60 0C in an oven. The extractive weight of the
having the highest activity (Figure 1).
extract is 18 g.

Preparation of serum and tissue homogenate
The rats were sacrificed 24 h after their last daily doses using the
anaesthetic method described by Yakubu et al., 2005. The rats were
made to bleed under diethyl ether anesthesia, through their cut jugular veins (slightly displaced to prevent blood from being contaminated with interstitial fluid) into centrifuge tubes. The blood samples
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Experimental Animals and administration of compounds.
Twenty (20) Wistar rats (Rattus novergicus) weighing between 180220 g were obtained from the Animal House of the Faculty of Biological Sciences, University of Nigeria, Nsukka and were used in the
study. The animals were housed individually in steel metabolic cages
of dimensions 33 x 20.5 x 19 cm with cleaning of the cages done once
daily. They were acclimatized for one week before the commencement
of the study. All through the study, they were fed ad libitum on
standard pellet feed (Grand Cereals and Oil Mills Ltd, Jos, Nigeria)
and freely provided drinking water. The rats were divided into five
groups (n= 4). Group 1 received 0.5 ml of paraffin oil once daily without treatment with CCl4 (normal control). Group 2 rats were intraperitoneally treated with 0.5 ml of CCl4 solution only (prepared by mixing
0.5 ml of CCl4 with 1.5 ml of paraffin oil). Groups 3, 4 and 5 were
simultaneously treated with 300 mg/kg body weight of ascorbic acids
(positive control), 400 mg/kg and 800 mg/kg body weight of methanol
seed extract of S. stenocarpa respectively through oral tubation with
intraperitoneal treatment with 0.5 ml of CCl4.
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Fig 1. The effect of methanol seed extract of Sphenostylis stenocarpa
on catalase activity in rats.

The effect of methanol seed extract on Superoxide dismutase
The administration of CCl4 alone resulted in a reduction of the activity of superoxide dismutase in group 2. The administration of methanol seed extract produced a significant increase in the activity of
superoxide dismutase in the treatment groups (4 and 5) which com-
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pared favourably with the group 3 treated with ascorbic acid (Figure
2).
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Fig 4. The effect of methanol seed extract of Sphenostylis stenocarpa
on alanine aminotransferase activity in rats.

2
1
0

Control

CCl4

Vitamin C

400mg/kg

800mg/kg

Groups

Fig 2. The effect of methanol seed extract of Sphenostylis stenocarpa
on superoxide dismutase activity in rats.

The effect of methanol seed extract on the aspartate aminotransferase
The administration of the CCl4 alone resulted in no significant (p>0.05)
in the aspartate aminotransferase activity of rats (group 2) (Figure 5).
There was a non significant (p>0.05) increase in the activity of the
enzyme after treatment with the extract.
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Fig 5. The effect of methanol seed extract of Sphenostylis stenocarpa
on aspartate aminotransferase activity in rats.
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The effect of methanol seed extract on the alkaline phosphatase
Administration of CCl4 alone resulted in a significant (p<0.05) increase in the activity of alkaline phosphatase. This trend was reversed with the administration of the extract. The administration of
800 mg/kg body weight of the extract produced the highest reduction
of the activity of alkaline phosphatase (Figure 6).

Fig 3. The effect of methanol seed extract of Sphenostylis stenocarpa
on reduced glutathione in rats.

ALP

The effect of methanol seed extract on reduced glutathione
CCl4 administration produced a decrease in the concentration of reduced glutathione (group 2). The extract administration produced a
significant (p<0.05) increase in the concentration of reduced glutathione. The increase was also found to be in a dose dependent
manner (Figure 3).
The effect of methanol seed extract on alanine aminostransferase
The activities of alanine aminotransferase in the serum of the animals
were not significantly (p>0.05) increased in groups 3-5 (Figure 4).
Also, a decrease was observed in the alanine aminotransferase activity of the animals in group 2 was found not to be significant (p>0.05).
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Fig 6. The effect of methanol seed extract of Sphenostylis stenocarpa
on alkaline phosphatase activity in rats.
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DISCUSSION
This research was undertaken to evaluate the effect of methanol seed
extract of Sphenostylis stenocarpa on some antioxidants and liver
function enzymes of rats induced with carbon tetrachloride. Carbon
tetrachloride is one of the most commonly used hepatotoxin in experimental study in animal model, it is biotransformed by cytochrome
P450 in liver to produce highly reactive trichloromethyl free radical
(Das et al., 2008) which results in the destruction of the cell membrane and the intracellular organelles of the hepatocyte. The hepatotoxic effect of CCl4 is thought to be initiated as a result of its reductive
dehalogenation by cytochrome P450 2E1 to the highly reactive
trichloromethyl radical (•CCl3), which is subsequently converted into
a trichloromethyl peroxyl radical (•CCl3OO.) in the presence of oxygen (Khan and Younus, 2011; Halliwell and Gutteridge, 2007). Antioxidant enzymes such as CAT, SOD, GSH-Px, GST and GSR are the
endogenous defenses; actively involved in scavenging of free radicals to maintain the steady state level and consequently integrity and
functionality of cells. Superoxide dismutases are specific for catalytic
removal of superoxides by converting them into H 2O2 (Halliwell and
Gutteridge, 2007). Hydrogen peroxide is catalytically dismutated by
catalase into ground-state oxygen and water (Reiter et al., 2000). GSH
is a predominant endogenous antioxidant and used as a cofactor to
remove hydrogen peroxide and lipoperoxides by the GSH-Px family
during which GSH is converted into oxidized form of glutathione
(GSSG). Oxidized glutathione is converted back into GSH by another
rate controlling enzyme the glutathione reductase (GSR) thereby maintain the intracellular GSH levels. This optimum level of GSH is an
utmost criterion in maintaining the structural integrity and physiology of cell membranes. Dietary plants with proven antioxidant properties may function as a direct anti-radical chain breaking of free
radical propagation, produced especially by CCl4 and other free radical generating substances, interaction with transition metals, and
inhibition of reactive oxygen species (ROS) generating enzymes as
well as inducing specific antioxidant enzymes (Ajiboye et al., 2010).
These antioxidant properties are made possible due to the
phytochemicals including polyphenolic compounds and flavonoids
that are present in plants.
The effect of Sphenostylis stenocarpa seeds extract at different dose
levels on antioxidants (catalase, superoxide dismutase, reduced glutathione) are shown in figures 1, 2, and 3. Catalase activity was increased significantly (p<0.05) in all the treatment groups and the increase was found to be in a dose dependent manner. The animals in
group 2 (treated with CCl4 alone) showed a reduced activity of catalase. This could be as a result of the high levels of ROS including lipid
peroxides which could have been produced by the activity of CCl4.
ROS generated during metabolism can enter into reactions that, when
uncontrolled, can affect certain processes leading to clinical manifestations of diseases (Winkler and Moser, 1992; Halliwell, 1993;
Kesavulu, 1993) such as diabetes, arthritis, cancer, cardiovascular
and liver diseases. The superoxide dismutase activity of the rats
treated with carbon tetrachloride showed an increased activity of the
enzyme in rats treated with the methanol seed extract of S. stenocarpa.
The group induced with CCl4 alone showed a decreased activity of

the enzyme. The extract at 800 mg/kg body weight showed the highest activity of the enzyme. The extract was found to compete
favourably with the standard drug, ascorbic acid (Figure 2). Superoxide dismutase is known to reduce superoxides to hydrogen peroxides
and subsequently to hydroxyl radical. The reduced glutathione concentration of the animals treated with methanol seed extract of S.
stenocarpa elevated significantly. This can be attributed to the possible antioxidant properties of the plant. Reduced glutathione is a
power antioxidant that scavenges singlet oxygen, superoxides and
hydroxyl radicals, and thus protect lipids and other macromolecules
from the attack of electrophilic compounds by reacting the electrophilic center through the thiol group (-SH) (Singh and Ahluwalia,
2003). From the results, it is clear that the seed extract showed a dosedependent protective activity against free radicals. The most profound antioxidant activity displayed by the highest dose of the extract suggests that it was more effective than the known standard
drug, ascorbic acid used in the study.
Elevated levels of liver function enzymes such as AST, ALT and ALP
in the serum indicates possible damage to the liver. Carbon tetrachloride-induced hepatocellular damage in rats could be attributed to the
generation of trichloromethyl free radicals (Hassan et al., 2010) which
in turn can cause cell membrane damage and mitochondrial damage in
liver cells (Khalaf et al., 2009). ALT catalyses the conversion of alanine to pyruvate and glutamate is released in a similar manner. It is a
specific marker of liver damage and also a better parameter for detect
ing liver damage (Ferreira et al., 2010). When the liver cells are damaged, serum levels of ALP, AST and ALP are raised. This is so because the membranes of the liver cells are compromised and the enzymes are released into the blood stream. The results showed that
there was no significant (p>0.05) increase in the ALT activity of groups
3, 4 and 5. But the alanine aminotransferase activity of the animals in
group 5, treated with 800 mg/kg body weight of the extract increased
significantly (p<0.05). Aspartate aminotransferase (AST) activity of
rats treated with the extract showed a significant (p<0.05) increase in
all the treatment groups. The activities of both AST and ALT are high
in tissues especially liver, heart, and muscles. Any damage or injury
to the cells of these tissues may cause release of these enzymes
along with other intracellular proteins/enzymes into the circulation
leading to increase activities of these enzymes in the blood. Alkaline phosphatase activity of the animals in all the experimental groups
showed no significant (p>0.05) increase in the activity of ALP except
group 2 (treated with CCl4 alone) which was found to increase signifi
cantly (p<0.05). ALP is a better marker enzyme for the assessment of
the integrity of liver cells. (Akanji et al.,1993). The observed elevation of ALP in the group treated with CCl4 is an indication of a possible damage of the liver cells by the CCl4. The reduced activity of the
enzyme in the experimental groups is a possible indication of
hepatoprotective effect of the extract of S. stenocarpa. From this
study, it shows that the extract had no adverse effect on ALT and
AST activity of the rats but significantly decreased the activity of
ALP.
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CONCLUSION
The study revealed that Sphenostylis stenocarpa seeds possess significant
antioxidant and hepatoprotective properties against liver damage
caused by CCl4 in rats. It provides evidence that the seeds have
antioxidant properties and can protect against hepatotoxicity as shown
in the catalase, superoxide dismutase, glutathione and the liver function enzyme activities. Therefore, this plant may find application in
the prevention and treatment of diseases in which free radicals are
implicated.
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