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Abstract

This experiment pertains to the protective role of Vernomnia amygdalina pre-treatment on some biochemical indices in
dimethylnitrosamine (DMN)-induced liver damage in male albino rats. Four (4) groups of six (6) rats each were used for the
study. Group 1served as control, group 2 and 3 were pre-treated with 400mg/kg Vernonia amygdalina for one week while
group 3 and 4 each received single dose of 20mg/kg DMN (orally) after one week. The rats were sacrificed 48hrs after DMN
administration. In rats administered 20mg/kg DMN, liver damage was clearly shown by increased activities of serum hepatic
marker enzymes namely aspartate aminotransaminase (AST), alanine aminotransaminase (ALT), alkaline phosphatase (ALP),
and gamma glutamyltransferase (GGT), increased lipid profile parameters such as total cholesterol and triglycerides as well as
increased level of lipid peroxidation indices, malondialdehyde (MDA) in liver. The toxic effect of DMN was also indicated by
significantly decreased levels of antioxidants such as superoxide dismutase (SOD), catalase (CAT) and reduced glutathione
(GSH). However, in rats pre-treated with 400mg/kg Vernonia amygdalina and dosed thereafter with DMN, there were
significant reversal in the activities of serum hepatic marker enzymes, lipid profiles, lipid peroxidation and significant
restoration of antioxidant levels in the liver when compared to DMN-alone treated rats. Histopathological studies in the liver of
rats also showed that Vernonia amygdalina pre-treatment markedly reduced the toxicity of DMN and significantly preserved
the normal histological architecture of the tissue. The findings of this study suggest that pre-treatment with Vernonia
amygdalina leaves has a protective and beneficial effect on liver subjected to DMN-induced oxidative stress, possibly by
decreasing lipid peroxidation and enhancing endogenous antioxidant production.
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1. Introduction

Vernonia amygdalina, also known as ““African bitterleaf”, is and Mn) and phyto-compounds (flavonoids, saponins,
a plant vegetable used for both food and traditional treatment  alkaloids and tannins) in the leaves of Vernonia amygdalina
of diseases throughout tropical Africa (1). Nutritional and  (2-4). The aqueous leaf extract have been shown to posses
phytochemical evaluations have revealed high levels of  anti-hyperlipidemic and hypolipidemic effect respectively on
antioxidant vitamins, mineral elements (Fe, Se, Zn,Cu, Cr  diabetic and non-diabetic rats (5). Its protective role on the
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kidneys (6) of alloxan-diabetic rats has additionally been
investigated and results reported. The plant has acquired
special relevance, having been shown in human medicine to
possess potent anti-tumorigenic properties (7) with an
amazing anti-parasitic efficacy in zoo pharmacognosy, as it is
easily recognized and used for self medication by parasitized
chimpanzees (8).

Dimetylnitrosamine (DMN) is a potent hepatotoxin, which is

metabolized by microsomal cytochrome p450IIE1 in liver (9).

Activation of DMN by CYP2E1 in mouse liver has been
shown to stimulate Kupffer cells leading to generation of
superoxide and other reactive oxygen species (ROS) capable
of damaging liver cells (10). The occurrence of DMN in our
drinks and foods including fish, meat as well as fresh
supermarket products is well established (11-14). In a food
survey conducted by Domanska and Kowalski (15), DMN
was detected in 31.5% of analyzed samples with the major
dietary sources being cooked meat products, cooked fish and
spices. Proksch (16) reported the presence of DMN in rubber
products including gloves, balloons, toys, baby bottle teats,
soothers and condoms. This study is aimed at investigating
the ability of ethanolic leaf extract of Vernonia amygdalina
pre-treatment to protect the liver against dimethylnitrosamine
(DMN)-induced hepatocellular damage and oxidative stress
in rats in vivo.

2. Materials and Methods

2.1. Collection, Identification, Preparation
and Extraction of Plant Leaves

Fresh leaves of Vernonia amygdalina were purchased from a
local market in Benin City, Edo state, Nigeria. The leaves
were identified by Dr. Chris Akoma, a Botanist in the
Department of Basic Sciences, Faculty of Basic and Applied
Sciences, Benson Idahosa University, Benin city, Edo State.
The Vernonia amygdalina leaves were separated from the
stalk, washed and air-dried at room temperature (24°C) and
then pulverized, crushed into fine powder and weighed.

Ethanolic extracts of the plant leaves was prepared by
soaking 250g of the dry powdered plant leaves in one (1) litre
of absolute ethanol at room temperature for 48hrs. The
extract was then filtered first through a Whatmann filter
paper No. 42 (125mm) and then through cotton wool. The
extract was thereafter concentrated using a rotary evaporator
with the water bath set at 40°C to one-tenth its original
volume and then finally freeze dried. The dried residue
(crude extract) was then stored at 4°C. Aliquot portions of the
crude plant extract residue were weighed and dissolved in
distilled water for use on each day of our experiments.

2.2. Experimental Animals, Dmn and
Extract Administration

Male wistar albino rats divided into seven groups of six (6)
rats each, weighing between 160-195g were obtained from
the Animal Unit facility of the University of Ibadan, Oyo
state, Nigeria and housed in wooden cages in the animal
house of the Department of Biochemistry, University of
Benin. The rats maintained under controlled
environmental conditions (temperature—24+2°C;relative
humidity—50-70%; 12 h light/dark cycle), housed for one
week after their arrival to the animal house for
acclimatization. The rats had free access to drinking water
and normal pellet diet (NPD) ad libitum until they were
assigned to individual groups. Institutional Animal Ethical
Committee permission was obtained before performing the
experiments.

Wwere

DMN used in this work was synthesized in a fume chamber
at the Department of Biochemistry, University of Ibadan,
Oyo state, Nigeria, according to the method of Vogel (17).

A total of 24 rats divided into 4 groups were used. Group 1
served as control and was given normal saline, Group 2
received 400mg/kg Vernonia amygdalina only for seven (7)
days consecutively, Group 3 received 400mg/kg Vernonia
amygdalina for 7 days consecutively followed by oral
administration of a single dose of 20mg/kg DMN (dissolved
in 0.15MNaCl), on day 8 (48 hours before sacrifice) while
Group 4 received oral administration of single dose of
20mg/kg DMN (dissolved in 0.15MNaCl) on day 8.Before
use, the Vernonia amygdalina leaf extract was reconstituted
in distilled water and administered orally via gastric
intubation. All rats were sacrificed on the tenth day of the
study by cardiac puncture and blood collected via the ocular
vein in plain tubes and allowed to stand for 45 min before it
was centrifuged at 4,000 rpm for 30 min. Serum was stored
at -20° C until analyzed.

2.3. Collection of Tissue Samples and
Preparation of Liver Homogenates

Following sacrifice, liver samples were quickly excised and
rinsed with normal saline. A small portion of each liver
sample was fixed in 10% phosphate-buffered formalin for
histological examination while the remaining portions were
stored at —20°C for biochemical analysis. 10% liver
homogenate was prepared in physiological saline. The
homogenate was centrifuged at 5000 x g for 15 minutes and
the clear supernatant obtained used for biochemical analysis.

2.4. Biochemical Assays

Serum AST and ALT activities were estimated
colorimetrically according to the method of Reitman and
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Frankel (18), ALP, y-GT, total cholesterol and triglyceride
assay were carried out using Randox kits (UK) according to
manufacturer’s  instructions. GSH estimated
colorimetrically by measuring the reduction of Ellman’s
reagent (5, 5’di-thio-bis-2-nitrobenzoic acid) at 412nm as
described by Ellman (19). SOD was assayed based on the
ability of the enzyme to inhibit the autooxidation of
epinephrine according to the method of Misra and Fridovich
(20). The assay of CAT was carried out colorimetrically
based on the measurement of the rate of decomposition of
H,0, after the addition of the sample containing the enzyme
by reacting it with excess KMnO, and then measuring the
residual KMnQO, spectrophotometrically at 480nm (21). MDA
was estimated in a colorimetric reaction with thiobarbituric
acid (22).

was

2.5. Histology

Liver sections fixed in formol-saline were processed for light
microscopy at the Department of Anatomy, Faculty of Basis
Medical Sciences, College of Medicine, University of Benin.
The resultant slides were read and interpreted by one of us,
G.L.E., a consultant pathologist.

3. Results

Tables 1 illustrate the effect of Vernonia amydalina pre-
treatment on the activity of AST, ALT, ALP and GGT in the
serum of DMN-administered rats. The levels of AST, ALT,
ALP and GGT were significantly (P < 0.05) increased in
DMN-administered rats when compared to the control
normal and extract treated rats. Administration of Vernonia
amygdalina to DMN-administered rats restored all these
changes to near normal levels by significant (P < 0.05)
reduction of the activity of AST, ALT, ALP and GGT.

Table 1. Effect of ethanolic leaf extracts of Vernonia amygdalina pre-
treatment on serum Liver function enzymes in DMN toxicity.

Treatment
Control
(normal
saline)
VAE alone
(400mg/kg)
VAE
(400mg/kg) +
DMN
(20mg/kg)
DMN alone

(20mg/kg)

Values are expressed as Mean + SD, (n=5), VAE = Vernonia amygdalina,
ADMN = Dimethylnitrosamine, AST = Aspartate aminotransferase, ALT =
Alanine aminotransferase, ALP = Alkaline phosphatase, GGT = Gamma-
glutamyltransferase

Mean values in each column having different superscript (a, b, c) are
significantly different (p < 0.05) while mean values with same superscript is
not significantly different (p < 0.05)

AST(U) ALT(UN) ALP (UM GGT (UN)

19.1142.28"  14.80£1.46"  26.17+2.05" 13.11+1.31°

18.0043.16"  12.50+£3.57*  23.33+0.94" 11.87+2.43°

120.7542.75° 83.75£3.56°  44.10+1.63° 28.12+2.00°

201.00+£7.47°  138.25+6.26° 92.67+5.26° 51.00+3.12°

Serum total cholesterol and triglyceride in the ‘control’,
DMN-treated, VAE + DMN-treated, and VAE-treated rats are
shown in Tables 2. Serum total cholesterol and triglycerides
were significantly elevated (P<0.05) in DMN-treated Group
D rats as compared to ‘control’ Group A rats. The lipid
parameters examined were improved towards normal values
following Vernonia amygdalina pre-treatment in Group C
rats.

Table 2. Effect of ethanolic leaf extracts of Vernonia amygdalina pre-
treatment on serum Total cholesterol and Triglyceride levels in DMN toxicity.

Treatment Triglyceride Total Cholesterol
(mg/dl) (mg/dl)
Control (normal saline) 94.12 + 3.64° 91.09 + 8.45°

VAE alone (400mg/kg) 79.00 + 17.52° 87.75 + 10.96°
VAE (400mg/kg) + DMN .

2= 3=
(0meks) 106.50 + 3.29 133.25 + 8.88b
DMN alone (20mg/kg) 145.50 + 5.03° 168.55 + 5.03°

Values are expressed as Mean + SD, (n=5), VAE = Vernonia amygdalina,
DMN = Dimethylnitrosamine.

Mean values in each column having different superscript (a, b, c, bb) are
significantly different (P < 0.05) while mean values with same superscript is
not significantly different (P < 0.05)

Table 3shows the effects of Vernonia amygdalina ethanolic
leaf extract pre-treatment on oxidative stress variables in
DMN-administered animals. The hepatic antioxidant
activities of CAT, SOD and GSH were significantly
decreased (P<0.05), while MDA was significantly increased
in the DMN-administered rats. The ‘control’ group of rats
maintained optimal values of the antioxidants studied.
Vernonia amygdalina pre-treatment significantly (P<0.05)
decreased DMN-administered elevated MDA and also
significantly increased (P<0.05) DMN-administered reduced
antioxidant enzyme activities (CAT, SOD and GSH).

Table 3. Effect of ethanolic leaf extracts of Vernonia amygdalina on
Oxidative stress parameters in DMN toxicity.

MDA (U/mg GSH SOD (U/mg CAT (U/mg
Treatment . (nM/mg . .

wet tissue) . wet tissue)  wet tissue)

tissue)
Control
(normal 2.53+£0.17* 51.03+£5.11° 11.13+£0.74° 50.34+3.01°
saline)
VAE alone , , , ’
+0.10% 09+4.76° 14.08+1.04° 60.05+1.40%
(400mg/ke) 2.16£0.10 63.09+4.76" 14.08£1.04" 60.05+1.40
VAE
4

(400merke) 01 040 381742650 7.01£033°  3730+2.03°
DMN
(20mg/kg)
DMNalone o9, 18°  213242.18° 4455013 2249+ 189°
(20mg/kg)

Values are expressed as Mean + SD, (n=5), VAE = Vernonia amygdalina,
DMN = Dimethylnitrosamine, MDA=Malondialdehyde, GSH=Reduced
glutathione, SOD=Superoxide dismutase, CAT=Catalase

Mean values in each column having different superscript (a, b, ¢, d, z) are
significantly different (p < 0.05) while mean values with same superscript is
not significantly different (p < 0.05).
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Photomicrographs of liver showed the normal structure of
control rats (A). Rats treated with DMN resulted in severe
hemorrhagic centrilobular ~ necrosis  along  with
disarrangement of hepatic strands (D). Vernonia amygdalina
pre-treatment on acute DMN administration brought back the
cellular arrangement around the central vein and reduced
necrosis (C).

Photomicrograph A. Control rat liver composed of portal vein, hepatocytes
separated by sinusoids (H&E x 100).

Photomicrograph B. Rat liver pre-treated with Vernonia amygdalina
(400mg/kg) only for 7 days showing fairly unremarkable hepatocytes and
mild sinusoidal congestion (H&E x 100).

Photomicrograph C. Rat liver pre-treated with 400mg/kg Vernonia
amygdalina for 7 days followed by 20mg/kg DMN on day 8, showing focal
areas of haemorrhagic necrosis and viable hepatocytes (H&E x 100).

Photomicrograph D. Rat Liver treated with 20mg/kg DMN, 48hours before
sacrifice showing severe centrilobular. haemorrhage and necrosis.

4. Discussion

AST, ALT and ALP are enzymes present in higher
concentrations in cytoplasm, but when there is hepatopathy,
these enzymes leak into blood stream in conformity with the
extent of liver damage (23).GGT and ALP are membrane-
bound enzymes, which are released unequally depending on
the pathological phenomenon. In this study, rats treated with
DMN alone showed a significant increase in serum levels of
AST, ALT, ALP and GGT compared to controls, thus
indicating damage to hepatic cells. Also, alterations in GGT
and ALP are likely to affect membrane permeability and
produce derangement in the transport of metabolites.

However, DMN-administered rats orally pre-treated with
extracts of 400mg/kg Vernonia amygdalina showed
significantly decreased levels of serum AST, ALT, ALP and
GGT compared to DMN alone treated rats. The decrease in
AST, ALT, ALP and GGT levels by the extracts in tested
groups, indicates the protection of structural integrity of
hepatocytic cell membrane or regeneration of damaged liver
cells. Our result is in agreement with earlier observations of
Babalola et al (24) that pre-treatment with sesquiterpene
lactone extract from the leaf of Vernonia amygdalinaa
meliorates CCl-induced hepatotoxicity in rats. Moreover,
Iwalokunet al (25) reported a dose dependent reversal of
acetaminophen-induced alterations in mouse liver enzymes
by pre-treatment of Vernonia amygdalina. In a related study
by Adesanoye and Farombi (26) and Arhoghro et al (27),
administration of Vernonia amygdalina resulted in
accelerated reversion of hepatic damage caused by CCly via
reduction of liver marker enzymes like ALT, AST, ALP and
bilirubin. The efficacy of any hepatoprotective drug is
dependent on its capacity of either reducing the harmful
effect or restoring the normal hepatic physiology that has
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been disturbed by a hepatotoxin. The extracts thus protected
the hepatocytes from DMN-induced injuries.

Alterations in the concentration of major lipids of animals
such as cholesterol and triglycerides can give useful
information on lipid metabolism as well as predisposition of
the animals to cardiovascular risk (28).The results of this
study shows that DMN caused a significant (P<0.05)
increase in the levels of total cholesterol and triglycerides.
The rise in serum total cholesterol and triglycerides may also
be attributed to increased lipolysis, mediated by increased
norepinephrine release which act through interference with
the intracellular functions of Ca*" in the cytoplasm, events
that may lead to increased production of ROS, inducing
oxidative stress resulting in metabolic dysfunction (29, 30).1t
is also possible that since LDL and VLDL are produced and
degraded in the liver (31), DMN-induced damage may have
affected the capacity of the liver to degrade LDL and VLDL
leading to hypercholesterolemia. The significant increase in
serum total cholesterol and triglycerides in DMN intoxicated
group is in agreement with those of Ismail er al (32) who
reported that injection with CCl, increased serum and tissue
lipid profile.

However, pre-treatment with extract of 400mg/kg Vernonia
amygdalina on acute DMN toxicity showed a significant (P <
0.05) decrease in serum total cholesterol and triglyceride
levels. Extracts pre-treatment prior to DMN-administration
caused significant reduction in serum total cholesterol,
probably due to marked reduction of VLDL cholesterol. The
lipid lowering effects of the extracts might also be attributed
to an inhibitory activity on acyl-CoA: cholesterol
acyltransferase in vivo. This enzyme is responsible for
acylation of cholesterol to cholesterol esters in liver (33).
Aqueous leaf extract of Vernonia amygdalina have been
shown to have hypolipidemic effect in diabetic rats (34) and
could be related to the presence of alkaloids, saponins,
flavonoids and polyphenols known to reduce serum lipid
level in animals (35).

Oxidative stress has been implicated as a factor that
contributes to various forms of cell death as free radicals
react with lipids causing peroxidation, resulting in the release
of products such as malondialdehyde, hydrogen peroxide,
and hydroxyl radicals (36).This study shows that DMN
caused a decrease in intracellular GSH, SOD and CAT level
with concomitant increase in MDA levels in DMN-treated
rats compared to controls. There was clear evidence that
DMN-induced hepatic injury was associated with free radical
injury and oxidative stress. Oxidative stress
characterized by increased lipid peroxidation and/or altered
non-enzymatic and enzymatic antioxidant systems. The
increase in MDA indicates increased oxidative damage to cell
membranes, inhibition of several important enzymes, reduced

was

cellular function, and cell death (36).The observed decrease
in hepatic GSH could be due to decreased synthesis, or
increased degradation of GSH by DMN-induced oxidative
stress.

However, Vernonia amygdalina pre-treatment prior to DMN
administration showed increase in GSH, CAT and SOD as
well as significant reduction in MDA levels compared to
DMN alone treated rats. The reduced MDA may be related to
the antioxidant properties of the phytochemical compounds
found in the extracts as compounds such as flavonoids and
tannins have been reported to exert antioxidant activity by
scavenging free radicals that cause lipid peroxidation (37, 4,
38).In a related study by Kujawska et al (39), CCly caused
significant GSH depletion soon after administration, thus,
making glutathione a critical determinant of tissues
susceptibility to oxidative damage.

Histopathological analysis shows that when the rats were
treated with DMN alone, the liver exhibited massive and
severe haemorrhagic necrosis at the centrilobular zone as
well as severe vacuolation of hepatocytes similar to previous
results (40-42).

However, Vernonia amygdalina pre-treatment prior to DMN
administration mitigated the above histopathological changes
as the integrity of the hepatocytes were relatively well
preserved by inhibiting further tissue necrosis and
inflammatory cell infiltration. In a related study, Farombi et
al (43, 40) reported that pre-administration of kolaviron and
curcumin to DMN treated rats enhanced the hepatocytes
integrity as they were relatively preserved.

A number of earlier investigators have shown that tannin and
other polyphenolic compounds (e.g., coumarins), flavonoids,
triterpenoid, saponins, and a host of other plant secondary
metabolites  possess  hypoglycaemic, hypolipidaemic,
hypotensive, anti-inflammatory, and other pharmacological
and biochemical properties in various experimental animal
models (44). In our previous study, we reported the presence
of flavonoids, triterpenoids, tannins, saponins, ascorbic acid
and alkaloids in Vernonia amygdalina leaves (4, 37). We can
thus speculate that some of the above chemical constituents
of Vernonia amygdalina leaves, especially the flavonoids,
tannins, saponins and triterpenoids, are probably responsible
for the altered biochemical variables in the hepatic tissues, as
well as the anti-inflammatory property of Vernonia
amygdalina observed in this study.
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