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ABSTRACT

Aims: To determine the effect of V. amygdalina on the levels of antioxidants and the liver of rabbits
fed on a atherogenic diet.

Study Design: Prospective experimental study.

Place and Duration of study: Study lasted 14 weeks at Department of Anatomy, University of
Ibadan, Nigeria.

Methodology: Eighteen male rabbits were randomly divided into three groups comprising control,
high cholesterol diet and high cholesterol diet plus 200mg/kg of aqueous extract of V. amygdalina.
The animals were fed a normal animal chow, or a diet supplemented by 0.5% cholesterol and 1%
methionine for twelve weeks. Subsequently, serum was obtained for liver function tests. Samples of
the liver of the animals were obtained for antioxidant tests and histology.

Results: Aspartate transaminase was significantly elevated in atherogenic diet only group
compared to animals on normal diet. There was also no statistically significant difference across the
three groups in the alanine transaminase values. Superoxide dismutase were significantly reduced
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in animals that were administered extract. Malondialdehyde was not statistically different across the

three groups.

The histology of the liver of the animals on high cholesterol diet (with and without extract
administration) revealed similar microscopic presence of fatty infiltration of the liver.

Conclusion: The use of high cholesterol diet for a duration of twelve weeks in rabbits resulted in
significant increased relative liver weight, aspartate transaminase, superoxide dismutase and
hepatic microvesicular steatosis. Furthermore, the use of 200mg/kg of aqueous extract of V.
amygdalina had ameliorative effect on the level of superoxide dismutase. It did not have a
measurable effect on the malondialdehyde, liver enzymes and liver histology.

Keywords: V. amygdalina; high lipid diet; high cholesterol diet; antioxidants; rabbits; liver function

tests.
1. INTRODUCTION

The liver is very important in lipid metabolism.
Lipogenesis within the body and dietary fats
leads to hepatic accumulation of lipids [1]. A high
cholesterol diet increases free fatty acid in the
liver. This is esterified to glycerol to form
triglycerides which subsequently accumulates
within the hepatocytes. Hepatic damage may
ensue [2] and is accompanied by increased
serum levels of liver enzymes alanine
transaminase and aspartate transaminase [3].
Some researchers [4,5,6] have demonstrated
that excessive dietary cholesterol results in early
lesions of non-alcoholic fatty liver disease
(NAFLD).

The accumulation of triglycerides in hepatocytes
also makes the cell vulnerable to secondary
injury [7]. This secondary insult ensues from
oxidative  stress which is present in
hyperlipidaemic state. Histological characteristics
of NAFLD includes lipid vesicles in hepatocytes,
ballooning and degeneration of hepatocytes,
inflammatory infiltrates, fibrosis and cell death [8]
with distortion of lobular architecture. Ballooning
injury consist of enlarged hepatocytes that have
irregularly clumped cytoplasm [9].

While orthodox medicine is generally accepted
and preferred globally, the use of herbs and
traditional medicine is an acceptable alternative
in many regions of the world. Traditional
medicine is commonly used in the developing
countries due to either lack of financial resources
or lack of access to orthodox medicine
[10]. Vernonia amygdalina is a vegetable that is
commonly cultivated and consumed in various
parts of Africa. Traditional medical practitioners,
herbalists, and local healers in West Africa
recommend the consumption of water infused V.
amygdalina for their clients. The roots and the
leaves of this plant are used to treat fever [11,
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12], as antimicrobial [13] and for gastrointestinal
disorders [14]. The stem and root are used
as chewing sticks in many West Africa
countries such as Cameroon, Ghana, and
Nigeria.

It has also been found to be beneficial in its
effect on antioxidants in studies in rats [15,16].
This study was designed to investigate if the
concomitant administration of V. amygdalina with
high cholesterol diet will reduce the hepatotoxic
effect of the diet.

2. MATERIALS AND METHODS

A randomized longitudinal experimental study
design was utilized.

2.1 Experimental Animals

+

Eighteen male rabbits weighing 1000 200
grams and aged 2-3months were used for the
study. They were adapted to laboratory handling
for one week and then randomly divided into
three equal groups as follows:

Control group fed on normal chow containing
9.3% moisture, 18.7% crude protein, 3.6% crude
fat, 7.8% fiber, 11.9% crude ash, 0.3% salt and
0.3% vitamin mixture for 12 weeks;

Cholesterol group fed on high cholesterol diet
comprising of normal chow supplemented with
0.5% cholesterol, 1% methionine and 5%
groundnut oil (w/w) for 12 weeks. This diet has
been demonstrated to produce hyperlipidemia in
rabbit by previous studies [17,18];

Cholesterol and extract group fed on high
cholesterol diet as described above and 200
mg/kg of aqueous extract of V. amygdalina daily
for 12 weeks.
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The composition by weight of the normal diet and
the high cholesterol diet used in this study is
represented in Table 1.

2.2 Study Procedure

The animals were housed in individual cages and
fed chow at 5% of body weight daily and had free
access to water. Cholesterol powder was
procured from AMRESCO Ohio USA.

2.3 Preparation of Extract

V. amygdalina leaves were harvested during the
rainy season in Iwo town, South Western Nigeria.
It was authenticated at the Botany department of
the University of Ibadan (with reference number
UIH-22432).

The leaves were rinsed with water to remove
extraneous materials. They were subsequently
spread to dry indoors until a constant dry weight
was obtained. It was ground into powder. At the
end of milling, 2.4 kg of ground leaves was
obtained. The ground leaves were soaked in
distilled water for 24 hours with stirring of the
mixture. The mixture was subsequently filtered
through a muslin bag and subsequently with
Whatmann filter paper. Concentration of the
extract was done using a rotary evaporator at
45°C. The extract was dried in a vacuum oven at
45°C and pressure of 600 mmHg. The resultant
yield was 122 g of extract giving a percentage
yield of 5.08%. 4 g of the extract was used for
qualitative phytochemical  analysis.  The
remaining extract was stored in a glass jar in a
refrigerator. This extraction technique has been
previously described [15].

2.4 Administration of Extract

A gavage needle was used to deliver the extract
to animals in the cholesterol and extract group, at
a dose of 200 mg/kg once daily for 12 weeks. It
was reconstituted with distilled water for ease of
administration, on a daily basis as required.

2.5 Sample Collection

At the end of the study, serum was obtained from
the animals to analyse alanine transaminase
(ALT) and aspartate transaminase (AST). This
analysis was done with a Landwind auto-
chemistry analyser. The animals were
euthanized, and the livers of the animals were
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removed and weighed. Liver samples were
processed for light microscopy  using
haematoxylin and eosin staining technique.
Furthermore, phosphate buffered homogenized
liver samples were analysed for antioxidants:
superoxide dismutase (SOD) and
malondialdehyde (MDA). For the determination
of MDA, total amount of lipid peroxidation
products present in the liver samples was
estimated by the thiobarbituric acid method as
previously described [19]. To measure SOD, its
ability to inhibit the auto-oxidation of epinephrine
at pH of 10.2 was used as a basis for assay [20].

2.6 Data Analysis

+

Results are expressed as mean standard
deviation (SD). Comparison across the groups of
all parameters was done using analysis of
variance (ANOVA) test followed byTukey’s post-
hoc analysis performed on SOD, AST and
relative liver weight parameters where ANOVA
showed statistically significant differences (P <
0.05). The level of statistical significance was set
at 95% with P < 0.05. Statistical analyses were
computed using R studio version 1.2.5042

3. RESULTS

Summary statistics was obtained from each
experimental group and analysis of variance
(ANOVA) was used to compare the results from
the biochemical tests conducted. The relative
liver weight was significantly increased in the two
groups of animals that were fed a high
cholesterol diet compared to the animals on
normal diet. The level of ALT was not statistically

different in the three groups. AST was
significantly elevated in animals with high
cholesterol diet. In addition, the level of

superoxide dismutase was significantly reduced
in the animals that had extract administration.
This is presented in Table 2.

The following box and whisker plots illustrate the
distribution in the three experimental groups of
SOD, MDA, ALT enzyme and AST enzyme in
Figs. 1, 2, 3 and 4 display respectively.

Light microscopy of the hematoxylin and Eosin
staining of the liver showed increase in the size
of the hepatocytes with ballooning of the cells. It
also revealed microvesicular features in the
hepatocytes.  The  photomicrographs are
presented in Fig. 5.
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Table 1. Composition of experimental diet

Normal chow Percentage High cholesterol Percentage
diet

Crude protein 18.7 Normal chow 93.5

Crude fat 3.6 Cholesterol powder 0.5

Carbohydrate 59.6 Methionine powder 1.0

Crude fiber 7.8 Groundnut oil 5.0

Ash 10.3

Table 2. Comparison of the biochemical analysis in the experimental groups of rabbits

CON CHO CHO+EXTRACT P value

Mean (SD) Mean (SD) Mean (SD)
Superoxide Dismutase 1.44 (0.22) 1.08 (0.32) 0.98 (0.22) 0.02*
(SOD) unit/mg
Malonaldehyde 0.83 (0.10) 0.73 (0.13) 0.68 (0.06) 0.08
(MDA)umol/mg
Alanine aminotransferase (ALT) 22.32(10.3) 20.13(10.38) 13.85(7.43) 0.30
IU/L
Aspartate aminotransferase 14.30 (2.19)  23.42 (5.58) 18.67 (3.43) 0.005*
(AST) IU/L
Relative liver weight 2.78(0.39) 3.99(0.20) 3.64(0.40) <0.001*
(9/100g body weight)

*P<0.05

CON: normal chow, CHO: high lipid diet, CHO+EXTRACT: high lipid diet + 200mg/kg/day of aqueous extract of
V. amygdalina

Superoxide dismutase
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Fig. 1. Box and whisker plot showing the summary of the SOD (unit/mg) of the animals in the
three groups CON (control), CHO (cholesterol in diet) and CHO+EXTRACT (cholesterol in diet
with V. amygdalina extract)
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Malondialdehyde
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Fig. 2. Box and whisker plot showing the summary of the MDA result of the animals in the
three groups CON (control), CHO (cholesterol in diet) and CHO+EXTRACT (cholesterol in diet
with V. amygdalina extract)

Liver function test ALT
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Fig. 3. Box and whisker plot showing the summary of the ALT result of the animals in the three
groups CON (control), CHO (cholesterol in diet) and CHO+EXTRACT (cholesterol in diet with V.
amygdalina extract)
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Liver function test AST
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Fig. 4. Box and whisker plot showing the summary of the AST result of the animals in the three
groups CON (control), CHO (cholesterol in diet) and CHO+EXTRACT (cholesterol in diet with V.
amygdalina extract)
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Fig. 5. Histological sections of liver from rabbits (x400 magnification) Hematoxylin and Eosin
stain
(a) liver from rabbit fed normal chow, hepatocytes appear normal (b) liver of rabbit fed a high cholesterol diet
showing the presence of numerous lipid vesicles within the cytoplasm of hepatocytes (c) liver from rabbit fed a
high cholesterol diet and aqueous extract of V. amygdalina 200mg/kg daily for 12 weeks shows hepatocytes with
numerous lipid vesicles in the cytoplasm. The blue arrows show vesicles and large hepatocytes

4. DISCUSSION

Previous studies have demonstrated the
antioxidant and lipid lowering effects of V.
amygdalina extracts in rat. We hypothesized that
aqueous extract of V. amygdalina will have an
ameliorating effect on the liver enzymes,
antioxidant levels and histological architecture of
the liver of rabbits fed a high cholesterol
diet.
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There was no significant difference across the
three groups in terms of the ALT values, however
AST was significantly elevated in the animals
that had high cholesterol diet (without extract)

compared to animals on normal diet.
Furthermore, comparison between the two
groups of animals on high cholesterol diet

revealed that the AST was reduced in animals
that had extract compared to those without, even
though this was not statistically significant. Thus,
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the administration of the extract of V. amygdalina
appears to have had an ameliorating effect on
the level of AST liver enzymes even though it
does not meet the criteria for statistical
significance.

Another study reported an improvement in ALT
and AST [16] with extract administration but the
experiment was conducted on rats. In another
study, carbon tetrachloride induced liver damage
and aqueous extract of V. amygdalina resulted in
amelioration of the increased liver enzymes ALT
and AST [21,22]. The difference in the animal
models used may account for the difference in
the results obtained because the animals may
have metabolized the extracts differently.
Another explanation for the different liver function
outcome may be that the referenced study [16]
used methanol extract of V. amygdalina, unlike
this study which utilized aqueous based extract.
These differences may have resulted in
differential fractions extracted from the leaves.
Increasing the sample size in this study may
have resulted in finding significant difference in
small effect of the use of the extract.

MDA is a product of fatty acid peroxidation which
increases in the presence of free radicals. A high
fat or high cholesterol diet results in oxidative
stress [23] and associated increased in MDA
levels in the system. The level of MDA was not
statistically  different across the three
experimental groups. Other studies investigated
rats fed a high fat diet and found elevated MDA
[24, 25]. The MDA level was not affected by high
lipid diet in rabbits even though other studies in
rats yielded increased levels. This is probably
because the metabolism of lipids is different in
these two species of experimental animals.

Compared to the rabbits on normal diet, SOD
levels in the liver homogenate was reduced in
the animals on high cholesterol diet. This
difference was not statistically significant
between the control group and the animals on
high cholesterol diet alone (without extract).
However, there was significantly reduced levels
in SOD in the extract group compared to the
control. The two groups of animals on high
cholesterol diet didn’t have significantly different
levels of SOD, though the level was lower in
animals on extract. SOD is an enzyme that
converts super oxide free radicals to oxygen and
hydrogen peroxide thus eliminating a potentially
harmful material in the system. A reduction in
SOD is associated with increased vulnerability to
oxidative stress [26]. This study shows the
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animals with reduced SOD also had signs of
hepatic injury. Similarly, other studies [24, 27]
found a reduction in the level of SOD in rats
following a high fat, high cholesterol diet. In
contrast to this finding, another group of
researchers reported a significant increase in
serum SOD displaying an ameliorative effect in
irradiated rats given 800 mg/kg of methanolic
extract of V. amygdalina [16]. The use of
methanol extract may have requested in a
different fraction of extract phytochemicals, they
utilized a higher dose of extract and, the animal
species used was rats. In addition, the injurious
agent utilized in that experiment was irradiation
versus a high lipid diet in this study, therefore the
precise pathways of injury and amelioration are
likely to be different.

The differences between this study and previous
studies may be the fact that the experimental
animals are different (rabbits versus rats), and
the metabolism of dietary cholesterol is different,
hence its effects on the levels of antioxidants and
the product of lipid peroxidation. A study that
examined the metabolites of cannabinols found
different levels of fractions in rats and rabbits
[28]. Another study [29] also found difference
between the two species in the metabolism of
ethylene glycol. Another study identified
differential response to agents used to induce
hepatic cytochrome enzyme in rats compared to
rabbits [30]. Although we didn’t identify the exact
metabolic pathways involved, this difference in
animal species may be responsible for the lack of
amelioration effects of high lipid diet in rabbits.
The metabolism of the extract may also be
different in these two species of animals. In
addition, the use of methanolic extract in one of
these experiments [16] probably resulted in a
difference in the fraction of extract obtained from
the leaves.

Furthermore, some studies in rabbits examined
the effect of high cholesterol diets in rabbits and
found a significant reduction in SOD [31,32]
which is concordance to the results in this study.
A study that showed an increase in MDA [32] in
rabbits utilized dietary cholesterol at higher
concentration in the diet compared to this study
using 1% w/w in contrast to this study where
0.5% w/w was utilized.

The histological examination of the liver revealed
normal liver architecture in animals from the
control group. The features of hepatic steastosis
was observed in the two groups of animals on
high cholesterol diet. The relative weight of the
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liver was also significantly higher in the two
groups of animals on high cholesterol diet
compared to the control group. This increased
relative liver weight is probably because the
animals in these two groups had hepatic
steatosis. The increase in liver relative weight
was not significantly different between the groups
with and without extract administration. The
finding of fatty liver changes following a high
cholesterol diet is concordant with previous
animal studies [33, 34]. A previous study that
examined the protective effect of V. amygdalina
extract utilized methanol extract in carbon
tetrachloride injury and found the extract to be
beneficial. The differences between these two
studies namely, different species of animals (rat
versus rabbit), different solvents of extraction and
different injurious agents (Carbon Tetrachloride
versus high cholesterol diet) are probably
contributory to the different impact of the extract.

5. CONCLUSION

This study revealed that the use of atherogenic
diet resulted in signs of hepatic injury and
increased levels of the antioxidant superoxide
dismutase. However, the use of 200mg/kg of
aqueous extract of V. amygdalina did not appear
to exert a statistically significant effect on the
serum liver enzymes and markers of oxidative
stress. It does not appear to have exerted any
beneficial effect on the histology of the liver.
Furthermore, the results from this study may be a
pointer that the metabolism of extract may be
different in different species of animals. Thus,
highlighting the need for caution in extrapolating
the results obtained in animal experiments to the
effect the same substances will have in humans
or other species of animals.

7. LIMITATIONS

The choice of dose of the extract used in this
study was based on the dose used in previous
studies that were conducted on rats. A pilot study
to obtain a LD50 would have been beneficial. In
addition, the use of other solvents for extraction
may yield other fractions of phytochemicals that
may be beneficial for ameliorating the effects of
high cholesterol diets in rabbits.
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