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ABSTRACT: Aluminium is a widely distributed element with established toxicity to the liver. The present study
evaluated the protective potential of ethanol leaf extract of Vernonia amygdalina against the toxic effects of aluminium
chloride in male Wistar rats by measurement of some indices of liver function, oxidative stress and lipid profile.
Twenty-five (25) male Wistar rats weighing 180 — 220g were randomly divided into five groups of five animals per
group. Group 1 served as control and was given normal drinking water. Group 2 received 100 mg/kg body weight of
aluminium chloride while Group 3 was administered 400 mg/kg body weight of ethanol leaf extract of Vernonia
amygdalina for 14 days each. Group 4 received 400 mg/kg body weight of ethanol leaf extract of Vernonia amygdalina
and 100 mg/kg body weight of aluminium chloride concomitantly for 14 days while Group 5 received 100 mg/kg
body weight of aluminium chloride for 14 days and was allowed another period of 14 days without treatment. Assay
for the activity of some diagnostic enzymes in serum and histological assessment of the liver were carried out.
Parameters of oxidative stress and lipid profile were also assayed. Aluminium chloride significantly (p < 0.05)
increased the activities of ALT, AST, and ALP, concentrations of MDA, total cholesterol, triglyceride and LDL-
cholesterol compared to control. However, the leaf extract effectively suppressed the AICIs-induced increase in
enzyme activities, increased the activities of SOD and catalase, reduced the concentrations of total cholesterol and
triglyceride as well as MDA in Group 4. Histological assessment of the hepatocytes corroborated the observed changes
in enzyme activities. It is therefore concluded that ethanol leaf extract of Vernonia amydalina has protective effect
against aluminium chloride induced hepatotoxicity, oxidative stress and alterations in lipid profile in male Wistar rats.
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Introduction

Aluminium is the third most abundant element in the earth’s crust and constitutes about 8% of the total
mineral components [1] It is widely used in the manufacture of cosmetics, cookware, food additives and
toothpaste [2]. It serves as a component of pharmaceuticals such as antacids, buffered aspirin, vaccines and
injectable allergens [3-5]. Aluminium is also used in the purification of drinking water [6, 7]. Industrial
waste and particulate matter generated by cement producing factories contain high amount of aluminium
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and individuals who reside around the vicinity are exposed to high levels of this metal [8]. Food sources of
aluminium include corn, yellow cheese, salt, herbs, spices and tea [9].

Human exposure to aluminium is inevitable because of its presence food, pharmaceuticals and drinking
water [10, 11]. The average normal daily intake of aluminium for adults is 1-10 mg [12]. It has been reported
that aluminium is poorly absorbed after oral intake and in plasma 80-90% of this element is transported
bound to transferrin [13]. Aluminium is usually excreted from the body through urine [14, 15].
Al-Kahtani, [16] reported that the ingestion of excessive amounts of aluminium may cause damage to
various organs such as liver, kidneys, bone, lungs and heart. Aluminium has been implicated in the
pathogenesis of Alzheimer’s and Parkinson’s diseases [17]. The toxicity of aluminium was observed to be
mediated by the generation of free radicals hence various antioxidant compounds and plant extracts are
reported to play a role in ameliorating the toxic effects of this element [13, 18-21].

Vernonia amygdalina Del. (commonly known as bitter leaf) is a shrub 2 — 5 m tall that grows
predominantly in tropical Africa [22]. The leaves of this plant are green in color, elliptical, 6 mm in length,
with characteristic odor and taste [23]. They are rich in nutrients and are used as vegetable in the preparation
of soups [24-26]. Bitter leaves extracts have for long been used in ethnomedicine as antimalarial,
antimicrobial, anthelmintic, antidiabetic and anticancerous medications [27-31]. The free radical
scavenging activities of the leaf extracts of Vernonia amygdalina have also been reported by various authors
[32-36]

In view of the reported involvement of free radicals in the toxicity of aluminium, the present study
investigated for the first time, the protective potential of ethanol leaf extract of Vernonia amygdalina against
the toxic effects of aluminium chloride in male Wistar rats by measurement of some indices of liver
function, oxidative stress and lipid profile.

Materials and Methods

Plant Materials and Aluminium chloride

Vernonia amygdalina leaves were obtained from Atan lkot Ekpene village in Ikot Ekpene Local
Government Area, Akwa Ibom State, Nigeria. The leaves were identified and authenticated by the curator
in the Department of Botany and Ecological Studies, Faculty of Science, University of Uyo, Uyo, Akwa
Ibom State, Nigeria. Pure crystalline aluminium chloride was obtained from Guangdong Guanghua Sci-
Tech Company Limited, Shantou, Guandong, China.

Preparation of Extract

The leaves of Vernonia amygdalina were washed, air dried at room temperature for two weeks and
ground into powder using a manual grinder. The powdered sample (200 g) was macerated in 1L of 80%
ethanol for 48 hours at room temperature and filtered through a Whatman No.1 filter paper. The filtrate was
concentrated in a water bath at 40°C and stored in a refrigerator at 4°C until required for the experiment.

Experimental Design

Twenty-five (25) male Wistar rats, weighing 180 — 220 g were obtained from the Animal House,
Faculty of Basic Medical Sciences, University of Uyo, Uyo. They were fed standard laboratory diet, housed
in wire meshed cages, maintained under standard environmental conditions of temperature, 23 + 2°C,
relative humidity, 60% and 12 hour light/dark cycles. The rats were allowed free access to drinking water
and rat chow. After an acclimatization period of seven days, the animals were randomly divided into five
(5) groups with 5 rats in each group. Group 1 served as control. Group 2 was administered 100 mg/kg of
aluminum chloride daily for 14 days. Group 3 received 400 mg/kg of ethanol leaf extract of Vernonia
amygdalina for 14 days. Group 4 received 100 mg/kg of aluminum chloride and 400 mg/kg of ethanol leaf
extract of Vernonia amygdalina simultaneously. Group 5 received aluminum chloride for 14 days and was
allowed a wash out period of 14 days before sacrifice. Administration of aluminium chloride and extract
was carried out by oral gavage between the hours of 8 and 10 am daily. The study was carried out in
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accordance with the “Guide for the Care and Use of Laboratory Animals” [37]. Institutional approval for
the conduct of this study was obtained from the Postgraduate School, University of Uyo, Nigeria.

Collection of Serum Samples

At the end of the experimental period, the animals were allowed to fast overnight and then sacrificed
using ketamine as anaesthesia. Blood samples were collected by cardiac puncture into sterile plain bottles
and allowed 30 minutes to clot. Serum was separated by centrifugation at 3000 g for 15 minutes using a
Bench Top Centrifuge (MSE minor, England). The serum samples were stored frozen until required for
analysis.

Biochemical Assay

The serum activities of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and
alkaline phosphatase (ALP) were assayed using the Fortress Diagnostic Reagent Kit.

MDA was determined by the measurement of thiobarbituric acid reactive substances in serum [38].
SOD was assayed by the ability of the enzyme to inhibit the autoxidation of pyrogallol [39]. The assay for
catalase was carried out by measurement of the rate of decomposition of hydrogen peroxide [40]. GSH was
determined by measuring the reduction of Ellman’s reagent at 412 nm [41]. Glutathione peroxidase was
determined with the Fortress Reagent kit using the manufacturer’s guidelines.

Total cholesterol, triglycerides and HDL-cholesterol were determined using diagnostic Kits supplied
by Randox Laboratories, England. LDL-cholesterol was estimated based on the principles of Friedewald et
al., [42].

Histopathological Studies

Sections of the liver were preserved in buffered formaldehyde and fixed in 10% formalin for
histological examination as described [43]. The tissues were processed into 5 um thick sections, stained
with hematoxylin-eosin and then observed under a photomicroscope (Olympus BX 41).

Results

The Effect of Ethanol Leaf Extract of Vernonia amygdalina on the Activity of Some Serum Enzymes
in Male Wistar Rats Intoxicated with Aluminium Chloride

The effect of ethanol leaf extract of Vernonia amygdalina on the serum enzyme activity of male Wistar
rats treated with aluminium chloride is presented in Table 1.0. Significantly elevated activities of ALT,
AST and ALP (p < 0.05) were observed following administration of aluminium chloride (Group 2) when
compared to the control. Administration of Vernonia amygdalina leaf extract along with aluminium
chloride modulated the increase in the activities of ALT, AST, and ALP. The activities of the liver enzymes
in this group were significantly reduced compared to Group 2 and tended towards the values obtained for
the control. After allowing a wash out period of 14 days (Group 5), enzyme activities remained elevated
compared to the control.
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Table 1: Effect of ethanol leaf extract of Vernonia amygdalina on the activity of some serum enzymes in
male Wistar rats intoxicated with aluminium chloride

GROUPS — TREATMENT ALT (U/L) AST (U/L) ALP (U/L)
GROUP 1 — Control 14.89 +£1.17 38.53+3.91 77.03 +£2.59
GROUP 2 - Aluminum Chloride 31.10 + 3.542 57.12 + 4.58° 92.36 + 3.67
GROUP 3 - Vernonia amygdalina 19.71 + 2.36° 44.88 +0.60* 72,95+ 0.49°
GROUP 4 - Aluminum Chloride and ,, ), 5 g0 3907+ 1685  78.61+3.72"
Vernonia amygdalina

GROUP 5 - Aluminum Chloride then 14 Days 2477 +1.27%0 5238 + 2 04ad 87.66 + 5.993b4

without Treatment

Data presented as Mean * Standard Error of Mean (SEM). Values are considered statistically different at P<0.05. a =
significantly different when compared to Group 1; b = significantly different when compared to Group 2; ¢ =
significantly different when compared to Group 3; d = significantly different when compared to Group 4.

Effect of Ethanol Leaf Extract of Vernonia aamygdalina on Aluminium Chloride Induced Alterations
in Some Indices of Oxidative Stress in male Wistar Rats

The effect of ethanol leaf extract of Vernonia amygdalina on aluminium chloride induced changes in
some indices of oxidative stress is presented in Table 2.0. This table indicates that oral administration of
AICI; resulted in a significant decrease (p < 0.05) in the activity of GPX and a significant increase (p <
0.05) in the concentration of MDA when compared to the control group. However, the decrease was
significant (p < 0.05) in only in GPx and MDA activities. Treatment with ethanol leaf extract of Vernonia
amygdalina alone showed a significant decrease in SOD activity and MDA concentration when compared
to the control. Simultaneous administration of ethanol leaf extract of Vernonia amygdalina and aluminium
chloride induced a significant increase in the activities of SOD, CAT and GPx with a significant decrease
in concentration of MDA. The administration of AICI; for 14 days followed by a wash out period of 14
days resulted in a significant increase in the activities of CAT and GPx as well as MDA concentrations
when compared to the AICI; treated group.

Table 2: Effect of ethanol leaf extract of Vernonia amygdalina on aluminium chloride induced alterations
in some indices of oxidative stress in male Wistar rats.

Groups SOD CAT GSH GPX MDA
(U/ml) (um/min/ml) (U/ml) (mmol/min/ml)  (uM)
1 0.76+0.02 8.33+0.68 0.29+0.01 3.83+£0.50 3.23+0.27
2 0.58+0.06 7.49+0.24 0.37+0.04 1.39+0.122 18.51+0.92®
3 0.37+0.11° 8.38+0.76 0.27+0.01° 2.75+0.28° 1.76+0.13*°
4 0.94+0.12b¢ 12.25+0.26%0¢ 0.30+0.03 4.95+0.52b¢ 1.10+0.09°
5 0.51+0.15¢ 8.00+0.24°4 0.29+0.03 4.31+0.35° 11.04+0.222bd

Data presented as Mean * Standard Error of Mean (SEM). a = significantly different when compared to Group 1; b =
significantly different when compared to Group 2; ¢ = significantly different when compared to Group 3; d =
significantly different when compared to Group 4.
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Effect of Ethanol Leaf Extract of Vernonia amygdalina On AIClz Induced Changes in Lipid Profile of
Male Wistar Rats.

The effect of ethanol leaf extract of Vernonia amygdalina on AICI; induced changes in lipid profile is
presented in Table 3.0. Oral administration of AICI; induced a significant increase (p < 0.05) in the serum
concentrations of total cholesterol (TCHOL), triacylglycerol (TAG), low density lipoprotein cholesterol
(LDL-C) and very low density lipoprotein cholesterol (VLDL-C) while high density lipoprotein cholesterol
(HDL-C) level decreased significantly when compared to the control. There was no significant difference
(p > 0.05) in the parameters of lipid profile when the animals were treated with the extract alone.
Administration of ethanol leaf extract of Vernonia amygdalina and AICI; resulted in a significant decrease
in the lipid profile indices when compared to the control and AICI; treated group. Administration of AICl;
for 14 days followed by a wash out period of 14 days also instigated a significant decrease in the lipid
profile parameters when compared to the AICIs treated group.

Table 3: Effect of ethanol leaf extract of Vernonia amygdalina on aluminium chloride-induced changes in
lipid profile of male Wistar rats

Groups TCHOL TAG (mmol/L) HDL-C LDL-C
(mmol/L) (mmol/L) (mmol/L)

1 126.93+£1.93 82.43+£1.18 28.84+0.26 81.61+1.92

2 143.07+2.432 88.25+1.922 28.53+0.58 96.89+2.23?

3 122.16+0.55P 80.08+1.63° 28.19+0.59 77.95+0.58°

4 101.64+0.90%P¢ 70.02+0.96*°¢  22.86+1.30%"¢  64.78+1.67%P¢

5 125.64+2.08"¢ 81.02+1.87"¢ 25.54+0.70%0 83.90+2.130

Data presented as Mean + Standard Error of Mean (SEM). a = significantly different when compared to
Group 1; b = significantly different when compared to Group 2; ¢ = significantly different when compared
to Group 3; d = significantly different when compared to Group 4.

The effects of AICI; and ethanol leaf extract of Vernonia amygdalina on the histology of the liver are
shown in Figure 1 (L1 — L5). Liver of the control and Vernonia amygdalina group (L1 and L3) showed
normal lobular architecture with normal hepatic cell, central vein and sinusoid. Administration of AICl;
caused dilated, congested, widely infiltrated sinusoid, a mild micro vesicular steatosis and foci of
degenerative changes (L2) which were reversed by co-administration of ethanol leaf extract and AICI; (L4).
In group 5, the toxic effects of AICI; were observed to persist after a wash out period of 14 days (L5).
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Effect of Ethanol Leaf Extract of Vernonia amygdalina on AICIl; Induced Histopathology of the liver
in Male Wistar Rats.

Figure 1.0: Photomicrograph of liver section of albino rats in Group 1
(Control) Showed lobular architecture of the liver with normal hepatic cell
(arrow), central vein (CV) and sinusoid ($); Group 2 (administered
aluminum chloride) with normal hepatic cell (arrow), central vein (CV) and
dilated, congested and widely infiltrated sinusoid ($). Also seen is a mild
microvesicular steatosis (arrow head) and foci of degenerative changes
(asterisk); Group 3 (administered Vernonia amygdalina) Showed lobular
architecture of the liver with normal hepatic cell (arrow), central vein (CV)
and sinusoid ($); Group 4 (concomitantly administered aluminum chloride
and Vernonia amygdalina) with normal arrays of hepatic cells (short arrow),
central vein (CV). Also seen is a widely diffused microvesicular and
macrovesicular steatosis (arrow head); Group 5 (administered aluminum
chloride and allowed for 14 days without treatment) with normal hepatic
cell (arrow), central vein (CV) and dilated, congested sinusoid ($). Also seen
is a mild microvesicular and macrovesicular steatosis (arrow head).

Figure 1: Photomicrograph of liver section of aluminium chloride intoxicated male albino Wistar rats
treated with ethanol leaf extract of Vernonia amygdalina.

Discussion

The leaf extract of Vernonia amygdalina is reported to be hepatoprotective and to possess antioxidant
properties [32, 44, 45]. It has also been observed that the hepatotoxic effect of aluminium chloride is
mediated by the generation of free radicals via oxidative stress [46, 47]. Hence, this study evaluated the
protective potentials of ethanol leaf extract of Vernonia amygdalina against aluminium chloride induced
toxicity in male Wistar rats.

The aminotransferase enzymes (AST, ALT) as well as alkaline phosphatase (ALP) are biomarkers of
toxic injury to the liver [48]. In the present study, it was observed that the administration of AICI; caused a
significant increase in the activities of these enzymes indicating hepatotoxicity. This is in line with the
report of other authors [46, 49-51]. Ethanol leaf extract of Vernonia amygdalina significantly reduced the
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activities of these marker enzymes when compared to the aluminum chloride treated group. This is an
indication of the protective effect of the extract against the hepatotoxic effect of aluminium chloride. It is
noteworthy that administration of ethanol leaf extract of Vernonia amygdalina alone induced a significant
increase in the activity of AST when compared to control. Such increase in enzyme activity was earlier
observed by Ojiako and Nwanjo [52] who attributed the elevated enzyme activity to some unspecified extra
hepatic sources. Enzyme activities remained elevated after discontinuation of treatment with AICl3
indicating that the hepatocytes would require a longer period of time for self-recovery from AICI; induced
damage. The protective effect of the leaf extract of Vernonia amygdalina against chemically induced
hepatic damage has been attributed to its rich content of natural antioxidants which confer stability on the
cell membrane and protect the tissues from free radical damage thereby preventing further leakage of
marker enzymes into circulation [53].

The histological reports of the liver tissues in the present study confirmed the observations from
biochemical parameters measured. The liver of the control group revealed normal cyto-architecture of
hepatocytes with normal central veins and sinusoids. However, degenerative changes were observed in the
photomicrograph of the aluminium chloride intoxicated group with other features such as steatosis and
dilated sinusoids indicating toxicity resulting from the administration of aluminium chloride. Similar
reports on toxicity of aluminium chloride on the liver of albino rats have been documented by other authors
[19]. Normal cellular architecture of the liver was observed in the group co-administered with AICI; and
ethanol extract of Vernonia amygdalina. This was indicative of the protective potential of the extract of
Vernonia amygdalina against the toxic effect of AICls. Hepatoprotective effect of ethanol extract of
Vernonia amygdalina has been reported [54] and the present study corroborates same. Mild degenerative
features were still observed in Group 5 with washout period of 14 days implying that longer period would
be required for the toxic effect of AICIsto wear off naturally.

The assessment of lipid profile is a vital diagnostic procedure because of the fact that dyslipidemia
plays an important role in the pathogenesis and progression of vascular diseases [55]. Various authors have
reported adverse effects of aluminium chloride on lipid profile [13, 56, 57]. These authors observed that
intoxication with aluminium chloride produced dyslipidemia characterized by increase in total cholesterol,
triacylglycerol, low density lipoprotein cholesterol and decreased concentrations of high density lipoprotein
cholesterol. In the present study, administration of aluminium chloride precipitated a significant increase in
all lipid fractions except HDL-cholesterol. Hyperlipidemia as observed in this study is a risk factor for the
development of cardiovascular diseases [55]. However, the altered lipid profile induced by aluminium
chloride was reversed in animals treated with ethanol leaf extract of Vernonia amygdalina. The
hypolipidemic effect of Vernonia amygdalina has also been reported by other authors [58-60]. The lipid
fractions were also restored to normal values after a wash out period of 14 days (Group 5). This would
imply that the animals have the potential for self-recovery from AICIl; induced dyslipidemia. The lipid
lowering effect of Vernonia amygdalina leaf extract has been attributed to its phytochemical constituents
such as flavonoids, tannins and saponins [33, 60-62].

Oxidative stress has been defined as disturbance in the balance between free radical generation and
antioxidative processes in favor of radical production [63]. Lipid peroxidation is one of the hallmarks of
oxidative stress. It is a free radical mediated chain reaction which results in oxidative deterioration of
polyunsaturated lipids with malondialdehyde as one of its toxic products. Hence, malondialdehyde is used
as a biomarker of oxidative stress induced lipid peroxidation [64]. In the present study, administration of
AIClsinduced a significant increase in serum concentrations of MDA. This is an indication of increased
lipid peroxidation precipitated by AICI; which is in line with the observation of other authors [13, 46, 47].
Ethanol leaf extract of Vernonia amygdalina attenuated the AIClsinduced increase in serum concentrations
of MDA due to the antioxidant potential of this extract [32, 37, 59, 63, 65].

There are various defense mechanisms that prevent, limit or ameliorate the harmful effects of free
radicals. These include the antioxidant enzymes (superoxide dismutase, catalase, glutathione peroxidase)
as well as the non-enzyme antioxidants (reduced glutathione) [66]. Reduced glutathione (GSH) plays an
important role in scavenging ROS and detoxification of xenobiotics. It participates in non-enzymatic
conjugation and becomes depleted during exposure to toxicants [67]. Superoxide dismutase catalyzes the
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dismutation of the highly reactive superoxide anion to molecular oxygen and hydrogen peroxide [40].
Catalase is involved in the conversion of hydrogen peroxide to water and oxygen [41]. Glutathione
peroxidase catalyzes the reduction of hydrogen peroxide and hydroperoxides formed from fatty acids thus
effectively removing toxic peroxides from living cells [67].

There are indications that decreased antioxidant levels are the yardstick of oxidative stress in biological
systems [68]. In the present study, administration of AICIl; caused a non-significant decrease in the
concentration of GSH as well as decreased activities of superoxide dismutase and catalase. However, the
decrease in the activity of glutathione peroxidase was significant compared to control. Other authors had
reported a significant decline in all antioxidant parameters following the administration of AICl3 [13, 46,
69]. The Agency for Toxic Substances and Disease Registry [70] reported that aluminium accumulates
mainly in the liver, testes, kidneys and brain. Thus, the manifestations of aluminium toxicity are likely to
be more severe at organ/tissue level compared to extracellular fluid. The decrease in antioxidant capacity
has been attributed to reduced synthesis of GSH, SOD, Catalase and GPx caused by higher intracellular
concentration of aluminium and/or the accumulation of free radicals [46, 71] as well as inhibition of the
expression of endogenous antioxidants [72]. Ethanol leaf extract of Vernonia amygdalina caused a
significant increase in all the antioxidant parameters (SOD, GPx, Catalase, GSH). This is consistent with
earlier reports [13, 46, 69]. The beneficial effect of the extract could originate from a host of phytochemical
constituents such as polyphenols which have been reported to act as inducers of these antioxidant enzymes
[73].

Conclusion

It can therefore concluded that ethanol leaf extract of Vernonia amydalina has protective effect against
aluminium chloride induced hepatotoxicity, oxidative stress and alterations in lipid profile in male Wistar
rats.
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