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Abstract
In this study, the protective effect of Vernonia amygdalina ethanolic leaf extract against hepatic fibrosis induced by repeated
intermittent administration of Dimethylnitrosamine (DMN) was investigated in rats. A total of 48 rats divided into 4 groups
were used. Group 1 served as control, Group 2 received 200mg/kg Vernonia amygdalina only for 14days, Group 3 received
200mg/kg Vernonia amygdalina for 14 days followed by intraperitoneal administration of 10mg/kg DMN on first three days
of each week for 2 weeks, while Group 4 received intraperitoneal administration of 10mg/kg DMN on the first three days
of each week for 2 weeks. Oral administration of Vernonia amygdalina led to recovery of body/liver weight losses and significantly reversed elevation of total collagen, AST, ALT and ALP in DMN-exposed rats. Severe oxidative stress induced in
fibrotic rats was evidenced by elevation in MDA levels associated with a fall in the activities of GSH, SOD and CAT in the
DMN-treated group. These were significantly reversed by simultaneous treatment with Vernonia amygdalina. Recovery of rat
liver tissue from DMN-induced hepatocellular necrosis and hepatic fibrosis by Vernonia amygdalina treatment was confirmed
by histopathological evaluation of liver tissue. In conclusion, Vernonia amygdalina exhibits hepatoprotective, antioxidant, free
radical-scavenging, and anti-fibrotic activity against DMN-induced hepatic fibrosis.
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Introduction
The liver is the largest visceral organ in the human body and the
chief site for metabolism and detoxification. Liver diseases often
progress from sub-clinical icteric hepatitis to necro-inflammatory hepatitis, fibrosis, cirrhosis, and hepatocellular carcinoma [1].
Liver cirrhosis often results in high mortality [2] and is also a risk
factor in the development of hepatocellular carcinoma (HCC) [3],
which ranks the fifth of the cancer incidence worldwide [4].

Several experimental and clinical evidence have shown a common
link between chronic liver injury, oxidative stress, activation of
hepatic stellate cells (HSCs) and their transformation to myofibroblast-like cells, associated with increased production of extracellular matrix proteins during hepatic fibrosis [5, 6]. Repeated
administration of dimethylnitrosamine (DMN), a potent hepatotoxin, carcinogen and mutagen has been demonstrated to induce
bridging fibrosis, necrosis and collapse of parenchymal framework of liver [7].
Despite remarkable advances in the field of modern medicine,
hepatic diseases remain a major public health problem, thus the
search for new effective medicines without side effects is still
on-going [8]. Hepatic cells are involved in a variety of metabolic
events; therefore the establishment of liver protective/therapeutic agents is of paramount importance in the protection of the
liver from damage. Natural remedies from traditional plants are
seen as effective and safe alternative treatments for hepatotoxicity. The present investigation was undertaken with the objective
of evaluating the anti-fibrotic, antioxidant and protective efficacy
of ethanolic leaf extract of Vernonia amygdalina against repeated
DMN-induced hepatic fibrosis in rats.

Materials and Methods
Collection, Identification and Preparation of plant materials
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
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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.
Extraction of the plant leaves
Ethanolic extracts of the plant leaves was prepared by soaking
200g of the dry powdered plant leaves in one (1) litre of absolute
ethanol at room temperature for 48hrs (for thorough extraction).
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 4ºC. Aliquot portions of the crude plant extract residue
were weighed and dissolved in distilled water for use on each day
of our experiments.
Experimental animals, DMN and extract administration
Male Albino wistar rats weighing 150-225 g were obtained from
the Animal Unit of the University of Ibadan, Ibadan, Oyo state,
Nigeria. The animals were housed in controlled environmental
conditions (temperature - 24±2°C; relative humidity-50-70%; 12
h light/dark cycle) at the animal house of the Department of Biochemistry, University of Benin, Benin city, Edo state. The animals
were provided standard pellet diet and water ad libitum. Institutional Animal Ethical Committee permission was obtained before
performing the experiments.
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 [9].
A total of 48 rats divided into 4 groups were used. Group 1
served as control and was given normal saline, Group 2 received
200mg/kg Vernonia amygdalina only for 14 days, Group 3 received
200mg/kg Vernonia amygdalina for 14 days followed by intraperitoneal administration of 10mg/kg DMN (dissolved in 0.15M NaCl)
on first three days of each week for two weeks, while Group 4
received intraperitoneal administration of 10mg/kg DMN (dissolved in 0.15M NaCl) on the first three days of each week for
two weeks. Before use, the Vernonia amygdalina leaf extract was
reconstituted in distilled water and administered orally via gastric
intubation.
Body weights of animals were taken on first and last day while
morphological and behavioural changes were monitored on a daily basis. 24 hours after the end of treatment, rats were sacrificed
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 -20ºC until
analyzed.
Collection of tissue samples and preparation of liver homogenates
Following sacrifice, liver samples were quickly harvested, rinsed
with normal saline and weighed to obtain the absolute organ
weights.
Relative weights were calculated using the formula:

Relative Organ Weight = Absolute Organ Weight/Body Weight
at Sacrifice X 100%
A section of each liver sample was fixed in 10% phosphate-buffered formalin for histological examination while the remaining
section 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.
Biochemical assays
Serum AST and ALT activities were estimated colorimetrically according to the method of Reitman and Frankel [10], while ALP
assay was done by monitoring change in absorbance at 405nm
due to liberation of para-nitrophenol, using Randox kits (UK)
according to manufacturer’s instructions. Liver total collagen was
assayed as hydroxyproline derivatives following hydrolysis using QuickZymeR kits (Biosciences, Netherlands). Reduced glutathione was estimated colorimetrically by measuring the reduction of Ellman’s reagent (5, 5’di-thio-bis-2-nitrobenzoic acid) at
412nm as described by Ellman [11]. Superoxide dismutase (SOD)
was assayed based on the ability of the enzyme to inhibit the autooxidation of epinephrine according to the method of Misra and
Fridovich [12]. The assay of catalase was carried out colorimetrically based on the measurement of the rate of decomposition of
H2O2 after the addition of the sample containing the enzyme by
reacting it with excess KMnO4 and then measuring the residual
KMnO4 spectrophotometrically at 480nm [13]. MDA was estimated in a colorimetric reaction with thiobarbituric acid [14].
Histology
Liver sections fixed in formol-saline were processed for light microscopy at the Department of Anatomy, School of Basic Medical Sciences, College of Medicine, University of Benin. The resultant slides were read and interpreted by one of us, G. I. Eze., a
consultant pathologist.
Statistical analysis
Numerical data obtained from the study were expressed as mean
value ± standard deviation. Differences between means of control and tested groups were determined using Statistical Package
for social scientist (SPSS). A probability level of less than 5% (p
< 0.05) was considered significant.

Results
Table 1 shows the effect of ethanolic leaf extract of Vernonia
amygdalina on body and relative liver weight in the DMN-treated
rats and controls. DMN alone-treated rats were docile, weak and
showed significant fall in body weight (p < 0.05), liver weight (p <
0.05) and their ratio (p < 0.05), when compared to saline-treated
control. This adversity was significantly protected and reversed
back toward normalcy in rats simultaneously treated with Vernonia
amygdalina after DMN treatments. The viscera showed various degrees of ascites in rats receiving DMN alone. However, Vernonia
amygdalina alone treated rats did not show any change in body
weight and liver weight when compared to control.
Table 2 shows the effect of Vernonia amygdalina on liver total collagen and serum AST, ALT, and ALP in the DMN-treated rats and
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controls. Total liver collagen of the DMN group was significantly
higher than in each of the other groups (p < 0.05). However,
the extract administration led to significant decrease in liver total
collagen (p < 0.05). The DMN group also had significantly higher
serum levels of ALT, AST and ALP when compared with corresponding values for each of the other two treatment groups and
controls (p < 0.05).

tration than any of the other groups (p < 0.05). Histological examination of the liver sections revealed that while the control and
Vernonia amygdalina-alone groups had normal features (Plate A and
B), DMN caused marked pathologic changes such as hemorrhagic
necrosis, bridging fibrosis, extensive collagen deposition and early
cirrhosis (Plate D). These changes were significantly mitigated in
the rats given Vernonia amygdalina and DMN (Plate C).

Table 3 shows the effect of ethanolic leaf extract of Vernonia
amygdalina on liver MDA, GSH, SOD and CAT in DMN treated
rats and controls. The mean liver MDA levels of the DMN treated
rats were significantly higher than those in the rats that received
VAE and intraperitoneal DMN injections as well as in the control and the group that received the extract alone (p < 0.05). The
mean hepatic SOD and CAT levels of rats in the DMN group
were significantly lower than corresponding values for DMN +
extract group, extract-only group and control group (p < 0.05).
The DMN group also had significantly lower liver GSH concen-

Plate A: Photomicrograph of liver section from control rats
showing liver parenchyma with central vein and radiating column of hepatocytes, with portal triad (A), hepatocytes (B) and
sinusoid (C), portal tracts appear normal (H&E staining; x 40).
Plate B: Liver section from rats treated with Vernonia amydalina
alone (200mg/kg) and sacrificed after day 14 showing mild vascular congestion A and mild periportal infiltrates of lymphocytes B
(H&E x 40). Plate C: Liver section from rats treated with Vernonia
amydalina (200mg/kg) and DMN (10mg/kg) and sacrificed after
14 days showing extensive areas of normal hepatocytes A and

Table 1. Effect of ethanolic leaf extract of Vernonia amygdalina on body and relative liver weight in DMN treated rats and
controls.
Treatment groups
Control (normal saline)
VAE alone (200mg/kg)
VAE (200mg/kg) + DMN
(10mg/kg)
DMN alone (10mg/kg)

Initial body
weight
153.33 ± 1.60
184.70 ± 1.79
183.56 ± 2.32

Final body
weight
182.71 ± 3.73
202.25 ± 8.44
167.00 ± 8.64

Weight gain/loss
(g)
29.38
17.55
-16.56

Relative liver weight
(%)
3.78 ± 0.04a
3.83 ± 0.11a
3.42 ± 0.08b

225.00 ± 6.37

176.25 ± 6.74

-48.75

2.70 ± 0.04c

Values are expressed as Mean ± SD, (n=10), VAE = Vernonia amygdalina ethanolic extract, DMN = Dimethylnitrosamine.
Mean values in each column having different superscript (a, b, c) are significantly different (p < 0.05).
Table 2. Effect of ethanolic leaf extract of Vernonia amygdalina on total collagen, AST, ALT, and ALP in DMN-treated rats
and controls.
Treatment groups
Control (normal saline)
VAE only (200mg/kg)
VAE (200mg/kg) + DMN (10mg/kg)
DMN only (10mg/Kg)

Total Collagen (µg/ml)
43.33 ± 3.65a
42.17 ± 2.19a
57.21 ± 5.57b
107.11 ± 4.54c

ALT (U/l)
14.17 ± 2.78a
15.50 ± 2.12a
46.03 ± 9.42b
83.21 ± 7.10c

AST(U/l)
ALP (U/l)
18.03 ± 2.23a
28.30 ± 3.11a
19.66 ± 2.05a
31.78 ± 3.38a
65.66 ± 10.21b 66.62 ± 4.63b
136.90 ± 6.99z 130.42 ± 7.91z

Values are means ± SD; n=5, VAE = Vernonia amygdalina ethanolic extract, DMN = Dimethylnitrosamine, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ALP = Alkaline phosphatase .
Mean values in each column having different superscript (a, b, c, z) are significantly different (p < 0.05).
Table 3. Effect of ethanolic leaf extract of Vernonia amygdalina on liver MDA, GSH, SOD and CAT in DMN treated rats
and controls.
Treatment group
Control (Normal Saline)
VAE only (200mg/Kg)
VAE (200mg/Kg) + DMN (10mg/Kg)
DMN only (10mg/Kg)

MDA (U/mg)
1.84 ± 0.24a
1.25 ± 0.38a
3.01 ± 0.09c
6.75 ± 0.17z

GSH (µM/mg)
49.14 ± 2.88a
56.89 ± 4.45a
35.89 ± 2.63c
14.09 ± 3.24z

SOD (U/mg)
9.76 ± 0.66a
12.01 ± 0.51b
5.92 ± 0.53c
2.21 ± 0.12z

CAT (U/mg)
53.05 ± 3.03a
65.25 ± 3.74b
38.72 ± 2.78c
13.66 ± 4.27z

Values are means ± SD; n=5, VAE = Vernonia amygdalina ethanolic extract, DMN = Dimethylnitrosamine, MDA = Malondialdehyde,
GSH=Reduced Glutathione SOD= Superoxide dismutase, CAT= Catalase.
Mean values in each column having different superscript (a, b, c, z) are significantly different (p < 0.05).
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focal hemorrhagic necrosis B (H&E x 40). Plate D: Liver section
from rats treated with DMN alone (10mg/kg) and sacrificed after
14 days showing well developed bridging fibrosis, cirrhosis and
extensive deposition of collagen (A); and hemorrhagic necrosis
(B) (H&E x 40).

Discussion
Fibrosis as a scarring response to liver damage contains the injurious process (Poynard et al., 2003) that can ultimately lead to
impairment of liver function, development of hepatocellular carcinoma, and portal hypertension with all its associated complications.
The fall in liver weight, body weight and their ratio observed in
DMN treated rats are in acceptance with previous reports [7, 1518]. The decrease could be attributed to the reduction in protein
synthesis, massive cell necrosis and collapse of parenchymal cells
[16, 17, 7]. Body weight changes serve as a sensitive indication of
the general health status of animals. The organ-to-body weight
ratio can be used as an index for assessing the state of an organ, as significant reduction in organ-to-body weight ratio can
be traced to organ or tissue necrosis, while a significantly high
ratio is a possible indication of tissue inflammation [19]. Thus the
observed decrease in the weight of the liver in this study indicates
DMN toxic effect on liver organ. The drastic reduction in food
and water intake caused by DMN induction may have also contributed to the decrease in liver weight. It is possible that the pain
due to liver injury caused by DMN administration affected the
appetite and a concomitant decrease in food intake, thus resulted
in reduction in the body weight of the rats. However, treatment
of rats with 200mg/kg Vernonia amygdalina simultaneously with
DMN administration significantly restored (p < 0.05) the body
weight and organ to weight ratio compared to DMN alone rats. It
may therefore be inferred that Vernonia amygdalina has the potential to induce the activation of cellular enzymes responsible for increased metabolic activity in liver and the regeneration of hepatic
tissues. In agreement with these findings, in a study by Shin and
Moon [20], DMN-induced decrease in body and liver weight were
significantly increased by grape skin or seeds ingestion. This study
also agrees with findings by Ahmad et al [17] that DMN-induced
decrease in body and liver weight showed a considerable increase
in body weight and liver weight during the course of treatment
with Vitamin B12. Our result is also in accordance with Qing-Wei

D

A

and Geng-Tao, [21] who reported that bicyclol attenuated the decrease of body weight in mice treated with DMN.
It is postulated that DMN treatment will induce inflammation of
hepatocytes resulting in necrosis and this is indicated by an increase in marker enzymes of hepatotoxicity (AST, ALT, ALP) in
the serum, accompanied by their fall in liver tissue [22-24]. Our
results are in agreement with these reports which were corroborated with histopathological observations. However, oral administration of Vernonia amygdalina significantly reversed AST, ALT
and ALP in the DMN-exposed rats. Thus the extract significantly
prevents liver damage by maintaining the integrity of the plasma
membrane, thereby suppressing the leakage of enzymes. In a similar study by George et al [25], higher enzyme activity levels of
AST and ALT were observed in DMN-induced group while treatment with silymarin and curcumin restored the increased activity
levels to near normal. Similarly, Sharma and Singh [26] reported
that ethanolic root extract of Operculina turpethum manifested therapeutic effects by significantly restoring enzymatic levels of AST,
ALT and ALP, thereby reducing DMN-induced hepatic damage
in mice. Also in a study by Shin and Moon [20], DMN-induced increase in serum AST, ALT, and ALP levels were significantly suppressed by grape skin or seed ingestion. Similarly, Jung et al., [27],
reported that Serum ALP and AST were significantly raised by
DMN treatment (p < 0.05) and the levels significantly decreased
by 1-O-Hexyl-2,3,5-Trimethylhydroquinone (HTHQ) treatment.
There exists convincing evidence to support the contention that
oxidative stress and liberation of reactive oxygen species (ROS)
play vital role in the etiology and progression of liver fibrosis [5,
28, 6]. In this study, oxidative stress, marked by elevation in the status of malondialdehyde (MDA) was noticed in the liver of DMNtreated rats similar to previous reports [22, 29]. Also, oxidative
stress induced by DMN injection is demonstrated by a highly significant fall in the activities of GSH, SOD and CAT which were
also in agreement with previous reports [22-24, 30]. The decrease
in the activities of these enzymes could possibly be due to their
over-utilization toward suppression of ROS that are liberated during metabolism of DMN in the liver. The reduction in liver SOD
might be due to a continuous higher production of superoxide
radical by the mitochondria of the damaged liver cells. The reduction in the activity of CAT may result in a number of deleterious
effects due to accumulation of highly toxic metabolites and hydrogen peroxide, thus the high MDA levels on DMN treated rats.
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Glucose 6-phosphate dehydrogenase, the rate-limiting enzyme of
pentose phosphate pathway is the principal intracellular source of
NADPH which in turn is used as reducing equivalent to maintain
GSH stores, which are used to scavenge ROS. In this study, the
significant decrease in GSH in DMN-treated rats compared to the
control and extract-treated rats may be attributable to reduction in
glucose 6-phosphate dehydrogenase which in turn might decrease
NADPH levels, thereby unable to maintain GSH stores. Iwalokun
et al [31] reported that reduced glucose-6-phosphate dehydrogenase activity is associated with increased cellular ROS accumulation resulting in depletion of glutathione stores and enhanced
oxidative stress. However supplementation of rats with ethanolic
leaf extract of Vernonia amygdalina (200mg/kg), decreased liver
MDA and increased liver SOD, CAT and GST compared to rats
given DMN alone. The effect of Vernonia amygdalina possibly involves the inhibition of neutrophil infiltration and lipid peroxidation, thus, their biological significance in eliminating reactive free
radicals and significant restoration of antioxidant status in the tissue. Increased levels of SOD, CAT and GSH due to treatment
of rats with ethanolic leaf extracts of Vernonia amygdalina leaves
indicates that the extract contain compounds such as flavonoids,
saponins, tannins, Vitamin C and beta-carotenes that converted
free radicals to more stable products. This may also be due to direct stimulatory effect of the extract on the antioxidant enzymes
studied. In a similar work by Sharma and Singh [26], Operculina
turpethum significantly restored SOD, CAT and GSH in the liver as
well as decreased lipid peroxidation, exhibiting significant curative
effect against DMN-induced toxicity.
Accumulation of connective tissue proteins, especially collagen
has been reported in DMN- induced fibrotic rats and measurement of these parameters is suggested as a valuable tool in the
quantification of fibrosis as well as assessment of potency of anti-fibrotic drugs during therapeutic trials [32]. In the present study,
repeated administration of DMN alone caused a linear increase
in collagen, with a near 3-fold increase observed in total collagen
content, indicating establishment of hepatic fibrosis which is in
agreement with previous reports [7, 33-37]. Ito cells also called
hepatic stellate cells (HSCs) are primarily responsible for the increased collagen synthesis in the injured liver [38, 2, 7]. During
hepatic necrosis, these cells become activated and behave like myofibroblasts, initiating vigorous collagen synthesis [7]. No specific
identification of Ito cells were made in the present study, but the
enhanced collagen deposition is presumed to reflect increased Ito
cell activity. Also decreased synthesis of collagenolytic enzymes
by the impaired hepatocytes may have further contributed to the
accumulation of collagen in the liver. The near 3-fold increase in
DMN alone rats coincided with H & E stained histopathological
studies of DMN treated rats as fibrosis and deposition of fibrous
proteins were observed in the perisinusoidal space. However,
simultaneous administration of Vernonia amygdalina (200mg/kg)
along with DMN (10mg/kg each) showed protective anti-fibrogenic effect of Vernonia amygdalina expressed by the decrease of
total collagen level. The significant restoration of collagen levels may be by way of blocking the pathways to collagenesis or
by increasing the levels of collagenolytic enzymes. In agreement
with these findings, Shin and Moon [20] reported that DMN-induced increase in liver total collagen was significantly suppressed
by ingestion of grape skin or seeds. Similarly, Yan et al [39] reported that Sorafenib significantly decreased collagen deposition
by 58.31% as compared to DMN alone treated rats. Earlier on,
George et al [25] reported that the significant increase in liver total
collagen observed in DMN-treated fibrotic rats was significantly

restored by silymarin and curcumin.
Hepatic fibrosis induced by DMN is well demonstrated in the
H & E stained histopathological studies of DMN treated rats as
fibrosis and deposition of fibrous proteins were observed in the
sinusoidal space similar to previous results of Ahmad et al [16],
George and Chandrakasan [35]; George et al [7] and George, [25]
as staining of liver sections revealed inflammation, disruption of
normal liver architecture, hemorrhage and distinct deposition of
thick collagen fibers. The liver necrosis found in animals caused
collapse of the parenchymal framework of the liver. The high
mortality rate, increased portal pressure and decreased liver blood
flow as well as ascites observed in DMN-alone rats are consistent
with previous reports [40, 41, 7]. However, simultaneous administration of ethanolic leaf extract of 200mg/kg Vernonia amygdalina
with DMN significantly reduced the inflammation, necrosis and
fibrotic area compared to DMN-induced hepatic fibrosis. Thus,
in the sections of the rats intoxicated with DMN and thereafter
treated with ethanolic leaf extract of Vernonia amygdalina, the normal cellular architecture appeared to have less damage compared
to DMN-induced fibrotic rats, indicating some form of restoration to the DMN-induced liver injury and confirming the protective and inhibitory effect of the extract against liver fibrosis. The
hepatoprotective effects observed in histological evidence in the
liver tissues of rats simultaneously treated with Vernonia amygdalina
and DMN is most likely a consequence of extract-induced reduction in lipid peroxidation and elevation/stabilization of tissue antioxidant enzyme activities. This is so because, leaves of Vernonia
amygdalina have been reported to contain bioflavonoids such as luteolin, luteolin 7-O-β-glucoside and luteolin 7-O-β-glucuronoside
besides several stigmastine type saponins such as vernoniosides
A1, A2, B1, B2, D3, A4 and C as well as sesquiterpene lactones
such as vernolide and vernodalol [42-44].

Conclusion
Our present results demonstrate that treatment with Vernonia
amygdalina protects liver against DMN-induced hepatic necrosis,
inflammatory changes and hepatic fibrosis by way of its antioxidant, free radical scavenging, membrane stabilizing and suppression of fibrosis.
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