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Abstract 

Objective: The hepatoprotective effect of aqueous extract of Vernonia amygdalina on acetaminophen-induced liver 

damage in abino wistar rats was evaluated.  

Method: Twenty five (25) albino rats weighing (120±20g) were randomly divided into five (5) groups with five (5) rats 

per group. Group A served as normal control and received no treatment. Group B received only a single dose of 

acetaminophen (750mg/kg, i.p) and served as negative control. Group C served as positive control and received Vitamin 

C (200mg/kg, oral) for 2 weeks, while Group D and E served as the test groups and received aqueous bitter leaf extract; 

high dose (500mg/kg,oral) and low dose (250mg/kg, oral) separately for 2 weeks following acetaminophen challenge.  

Results: The administration of single dose of acetaminophen (750mg/kg, i.p) resulted in liver damage with AST, ALT and 

ALP levels: 48.33±10.14U/L, 60.00±13.23U/L and 229.67±23.38U/L respectively. The treatment with bitter leaf resulted 

in a reversal of the acetaminophen-induced liver damage with AST, ALT and ALP levels: 20.67±1.76U/L (P<0.05), 

16.67±3.52U/L (P<0.01) and 131.67±7.27U/L (P<0.01) respectively when compared with acetaminophen alone. 

Histopathological results also showed minor or non significant hepatocellular damage in the test groups; hence 

Hepatoprotection by Vernonia amygdalina. 

Conclusion: The aqueous extract of Vernonia amygdalina possesses hepatoprotective properties against acetaminophen-

induced liver damage.  
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Introduction 

     The liver is the largest visceral organ in the body. It is 
located majorly in the upper right region of the abdomen. 
It plays a pivotal role in the metabolism of drugs and 
other foreign substances that find their way into the body. 
This it does mainly through the cytochrome P450 group 
of isoenzymes; therefore the liver is mostly affected by 
toxic levels of drugs in the body which results in liver 
damage. There are more than 100 known types of liver 
damage caused by different factors. According to a study 
carried out in Gujarat (India), 75% of liver damage was as 
a result of non-alcoholic liver disease while only 25% was 
caused by alcoholic liver disease [1]. More than 50% of 
cases of acute liver failure in the US are due to drug-
induced liver injury. It has also been the highest reason 
for drug withdrawal from the market [2]. Different drugs 
have been implicated in drug-induced liver injury and 
acetaminophen is one of them. 
 
     Acetaminophen, popularly known as paracetamol, is an 
over-the-counter and non-prescription analgesic and 
antipyretic drug used in the treatment of pain and fever. 

Acetaminophen toxicity depends on an over-dosage 
administration as antipyretic drug that can result in 
hepatic damage [3]. Paracetamol is a highly abused drug. 
Most individuals on feeling any slight pain prescribe 
paracetamol for themselves instead of going for diagnosis 
to identify the true cause of the symptoms and effectively 
treat it. Most people are quite aware of the fact that every 
orthodox medicine has side effects that are more evident 
than of natural remedies, with bitter leaf being inclusive. 
Bitter leaf (Vernonia amygdalina) is a green leafy 
vegetable and contains nutrients which are important to 
the body as protective and regulatory agents [4]. Results 
of study of Vernonia amygdalina showed that it contains 
phosphorus, ascorbic acid, iron, B-carotene, Calcium, 
fibre, water and other nutrients [5]. It also contains 
phytochemicals: alkaloids, saponins, tannins, steroid, 
glucosides, flavonoids, glycosides [5]. Some studies have 
shown that antioxidant-rich foods or food products have 
potential bioactive substances that exhibit protective 
properties [6-13]. The antioxidants in Vernonia 
amygdalina may as well help to scavenge this free-radical, 
offering health benefit. 

 
 

 

Figure 1: Bitter leaf (Vernonia amygdalina) and some of its extraction products. 
 
 
     Several studies, which include: Arhoghro, et al. [14]; 
Momoh, et al.; [15]; Iwalokun, et al., [16], have established 
the hepatoprotective potential of Vernonia amygdalina in 
rats. However, apart from the differences in the methods 
of extraction of Vernonia amygdalina and the type of 
and/or routes of administration of the hepatotoxicity 

used; none of these studies induced hepatotoxicity with a 
single dose of acetaminophen (750mg/kg, i.p). 
Furthermore, none of these researches treated the 
experimental rats with doses over 300mg/kg of Vernonia 
amygdalina extract. The aims of this research were to 
evaluate the phytochemical constituents in Vernonia 
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amygdalina and to assess the hepatoprotective effects of 
aqueous extract of bitter leaf (Vernonia amygdalina) on 
acetaminophen-induced liver damage in albino wistar 
rats. 
 

Materials And Methods 

Experimental Animals and maintenance 

     A total of twenty-five (25) albino rats (120±20g) were 
obtained from the Animal House of the University of 
Nigeria Teaching Hospital (UNTH) Old Site. The animals 
were housed in metallic cages in the animal house under 
ambient temperature (25±3° C) and 12-hour light and 
dark periodicity. They were adequately fed with 
commercial rat pellets (Neimeth Livestock Feeds Ltd., 
Ikeja) and water; and allowed to acclimatize for 2 weeks. 
All the animals were handled in this study according to 
Institutional guidelines describing the use of rats and in 
accordance with the American Physiological Society 
guiding principles for research involving animals and 
human beings [17]. In addition, proper care was taken as 
per the ethical rule and regulation of the concerned 
committee of the University of Nigeria, Nsukka, Enugu 
State, Nigeria. 
 

Ethical Approval 

     Ethical approval was obtained from Animal Welfare 
and Ethics Committee Department of Animal Science, 
University of Nigeria, Nsukka, Enugu State, Nigeria. 
 

Collection of Plant 

     Fresh samples of Vernonia amygdalina leaves were 
purchased from Akwata, Ogbete Main market Enugu, 
Enugu State Nigeria. 
 

Processing of the Bitter Leaf 

     The leaves were removed from their stalk. 500g of the 
bitter leaf were weighed using a weighing balance. The 
bitter leaf was macerated with 1 liter of water to obtain 
the extract. The extract obtained was sieved using 52mm 
pore size sieve. The extract was then preserved in the 
refrigerator until when needed. 
 

Determination of Extractive Value for Vernonia 
amygdalina Extract 

     The concentration of the extract was determined by 
measuring out 1ml of the extract and then allowed to dry 
completely by gentle heating, using an oven. The dry 
residue was then weighed to obtain the concentration 
which is expressed in g/ml. The yield afforded crude 

extract of 100mg/ml. The appropriate concentration was 
then calculated for the study. 
 

Phytochemical Analysis of Vernonia 
amygdalina 

     Preliminary phytochemical screening for the presence 
of glycosides, flavonoids, saponins, steroids, tannins, 
carbohydrates, proteins and terpenoids was carried out at 
Department of Pharmacognosy, Faculty of Pharmaceutical 
Science, University of Nigeria Nsukka. Procedures 
outlined by Trease and Evans [18], were employed for the 
analyses. 
 

Reagents and Solutions  

Preparation of Vitamin C solution 

     One hundred (100) tablets of 100 mg that is (10,000 
mg) vitamin C obtained from Emzor Pharmaceuticals Inc, 
Nigeria were grinded to powder, dissolved in distilled 
water and made up to 200ml in a measuring cylinder to 
give a stock concentration of 50mg/ml. 
 

Induction of Hepatotoxicity 

     Average weight of the rats was 120±20g and a 
calculated dosage of 90mg was required to induce 
hepatotoxicity. About 90mg was contained in 0.6ml of 
150mg/ml of paracetamol. A single dose of 0.6ml 
paracetamol (i.e. 750mg/kg body weight) was injected 
intraperitonally to induce hepatotoxicity in each 
experimental rat. 
 

Experimental Design 

     A total of 25 apparently healthy albino wistar rats were 
used for the study. The rats were randomly allocated to 
five (5) groups (A−E) of five (5) animals per group in well 
ventilated cages. The experimental animals received the 
following treatments for three weeks period together 
with stipulated feed and water. 
 Group A (Normal Control): No treatment was 

administered to this group. 

 Group B (Negative Control): received a single dose of 
acetaminophen (750 mg/kg, i.p) alone 

 Group C (Positive control): received a single dose of 
acetaminophen (750 mg/kg, i.p) before treatment with 
Vitamin C (200mg/kg, oral) for 14 consecutive days.  

 Group D (Test group): received a single dose of 
acetaminophen (750 mg/kg, i.p) before treatment with 
high dose of aqueous extract of bitter leaf (500mg/kg, 
oral) for 14 consecutive days.  
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 Group E (Test group): received a single dose of 
acetaminophen (750 mg/kg, i.p) before treatment with 
low dose of aqueous extract of bitter leaf (250mg/kg, 
oral) for 14 consecutive days. 

 
Sacrificing of Animals and Sample Collection 

     Blood samples for biochemical analysis were taken by 
cardiac puncture of the left ventricle of heart under 
chloroform anaesthesia. The blood samples were put in 
plain tubes to enable clotting so as to separate sera to be 
used for the tests. The liver was excised for 
histopathological studies. The liver was isolated 
immediately after sacrificing the animal and washed with 
saline and then processed. 
 

Biochemical Analysis 

Assessment of liver function: Serum was used for the 
assay of liver enzymes [aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP)], conjugated bilirubin and total bilirubin 
concentrations using Rx Monza Analyzer, and standard 
laboratory kits from Randox Laboratories Ltd.  
Measurement of bilirubin (Total and Direct): 
Colorimetric method as described by Jendrassik and Grof 
[19].  
Measurement of ALT and AST: Determination of ALT 
and AST were by colorimetric method as described by 
Reitman and Frankel [20]. 
Measurement of ALP: Determination of ALP was by 
colorimetric method as described by Kind and King [21].  
 

Histopathological Analysis 

     The excised liver tissues were fixed in 10% formal 
saline for 24 hr and further processed using the 
conventional paraffin wax embedding technique for light 
microscopic examination. The paraffin-embedded liver 
tissues were sectioned at 5 microns using the rotary 
microtome (Leitz 1520 Rotary Microtome, Leica 
Biosystems, Nussloch Germany). The tissue sections were 
stained using the hematoxylin and eosin technique as 
described by Baker and Silverton [22]. The histological 
sections were examined using an Olympus TM light 
microscope. 
 

Statistical Analysis 

     The statistical analysis was done using Graph pad prism 
6.0. The results were reported as mean ± SEM (standard 
error of mean). Statistical significance p<0.05 (*), p<0.01 
(**), or p<0.001 (***) was determined by using ANOVA.  

Results 

Phytochemical Results 

     The result of the preliminary phytochemical analysis of 
V. amygdalina is represented in table 1. 
 

Constituent Indication 

Carbohydrate ++ 

Reducing Sugar − 
Alkaloids +++ 

Glycosides ++ 
Saponins ++ 
Tannins ++ 

Flavonoids + 
Resins + 

Proteins − 
Oils − 

Acidic Compounds − 
Terpenoids − 

Steroids − 

Key: +++ = More intensely present 
++ = Present 
+ = Present (in trace amount) 
− = Absent 
Table 1: Preliminary Phytochemical Analysis  
 

Biochemical Results 

     Figures 2 and 3 show the results of liver biochemical 
parameters in five (5) groups of five (5) animals that 
received Vitamin C or Vernonia amygdalina extract for 
2weeks following the administration of single dose of 
acetaminophen (750 mg/kg, i.p). The administration of 
single dose of acetaminophen (750mg/kg, i.p) resulted in 
liver damage with AST, ALT and ALP levels: 
48.33±10.14U/L, 60.00±13.23U/L and 229.67±23.38U/L 
respectively. The treatment with bitter leaf resulted in a 
reversal of the acetaminophen-induced liver damage with 
AST, ALT and ALP levels: 20.67±1.76U/L (P<0.05), 
16.67±3.52U/L (P<0.01) and 131.67±7.27U/L (P<0.01) 
respectively when compared to acetaminophen alone. 
From the results, Vernonia amygdalina extract showed 
similar strong Hepatoprotection as vitamin C (a drug 
widely known for its anti-oxidant property). Furthermore, 
it is worthy of note that Vernonia amygdalina extract also 
significantly decreased serum total bilirubin and serum 
conjugated bilirubin levels in the animals when compared 
with negative control (P˂0.01 and P˂0.05), respectively. 
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Figure 2A: Comparison of liver biochemical concentrations in different experimental groups. 
 
 
     The Histograms show serum total bilirubin and 
conjugated bilirubin, AST and ALT levels following 
experimental treatments. The preliminary data shows 
that Vernonia amygdalina significantly ameliorated the 
hepatotoxic effect of acetaminophen. The data are 
presented as mean ± SEM of serum total bilirubin and 
conjugated bilirubin, AST and ALT levels for individual 
treatment. Statistical analyses were performed using 
ANOVA (*P˂0.05; **P<0.01). 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2B: Comparison of ALP levels in different 
experimental groups. 
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     Histogram showing serum ALP levels following 
experimental treatments. The preliminary data shows 
that Vernonia amygdalina significantly reduced the 
elevated ALP levels induced by the hepatotoxicity, 
acetaminophen. The data are presented as mean ± SEM of 
ALP levels for individual treatment. See Materials and 
Methods for experimental details. Statistical analyses 
were performed using ANOVA (**P˂0.01). 
 

Histopathological Result 

     Microscopical examination of the liver isolated from 
the rat at sacrifice revealed no histopathological 

alteration in the control rats (Figure 3A). Presence of 
severe cell necrosis and severe hepatocellular 
parenchyma degeneration were observed in the liver of 
rats treated with intraperitoneal injection of 
acetaminophen (Figure 3B); however mild or no 
significant degenerations were observed in rats with co-
administration of vitamin C, high and low dose Vernonia 
amygdalina extract separately (Figure 3C, D and E, 
respectively). The livers of rats in group C, D and E 
showed no significant histological alterations when 
compared with the control group. 

 
 

 
                                        (A)     (B)     (C) 
 

 
                                                                                    (D)    (E) 

 

Figure 3(A-E): Histopathology and photomicrograph of liver from (A) normal control, (B) acetaminophen treatment only, 
(C) vitamin C-treated rats, (D) high dose vernonia amygdalina extract-treated rats and (E) low dose vernonia amygdalina 
extract-treated rats [Stain: H and E; ×40]. 
 
 

Discussion 

     Despite improvement in health management, the 
prevalence of liver pathology is still on the increase. Liver 

is central to the metabolism of drug for health 
management and thus is faced with great risk of damage 
by drugs. Acetaminophen, a known hepatotoxicity at high 
dose, was used in this study. 
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     Several researches have been done on food with 
medicinal value, with the aim of alleviating the health 
burden or damage caused by hepatotoxic drugs. The aim 
of this study was to investigate the hepatoprotective 
effect of aqueous extract of bitter leaf (Vernonia 
amygdalina) on acetaminophen-induced liver damage in 
rats.  
 
     Phytochemical analysis of the aqueous extract of V. 
amygadlina showed the presence of good quantity of 
alkaloids, tannins, saponins and flavonoids without oils, 
steroids and terpenoids, which disagrees with the 
findings of Okafor and Anichie [23], which reported the 
presence of oils, steroids and terpenoids. This could be as 
a result of the difference in the solvent used for 
extraction. They extracted with methanol in which oils are 
soluble but are not soluble in water. Phytochemicals are 
plant chemicals that are non-nutritive but could possess 
disease-preventing potentials. Recent research has 
demonstrated that in as much as plants produce these 
chemicals to protect themselves, they can also protect 
humans and other living forms from diseases. 
 
     Alkaloids have been extensively studied because of 
their bioactive and pharmacologic properties. Alkaloids 
have been known to possess antioxidant activity by their 
ability to quench superoxide anions and singlet oxygen 
[24]. A number of studies have also shown flavonoids to 
be effective antioxidant that can remove superoxide 
anion, hydroxyl radicals and lipid peroxy radicals [25]. 
From the present study, the negative controls, which 
received acetaminophen alone, showed significant 
increase in liver biochemical markers, indicating hepatic 
injury in the rats. This is attributed to the mechanism of 
action of acetaminophen. Acetaminophen at doses above 
therapeutic level, subsequently results in GSH 
(glutathione) depletion and generation of reactive O2-
species leading to hepatocytes death [26]. 
Histopathological result was concomitant, showing 
significant hepatocellular damage when compared with 
normal control (Figure 3B). 
 
     It was observed that Vitamin C-treated group showed a 
significant decrease in the level of serum liver enzyme 
makers (AST, ALT and ALP) as well as on total and 
conjugated bilirubin levels. Vitamin C (ascorbic acid) is a 
standard antioxidant that is able to neutralize free 
radicals. It cooperates with glutathione especially in 
endothelial cells to increase their capacity to survive 
under oxidative stress [26]. Ascorbic acid performs its 
function by protecting double bonds and scavenging 
oxygen as well as by lowering of the oxidation state of 
many metals and valence which may thus affect oxidation 

catalysis [25]. Histopathological result was concomitant 
showing minor or no significant hepatocellular damage 
when compared with negative control (Figure 3C). 
 
     A significant reduction in serum liver enzymes and 
bilirubin was also observed in the test groups that were 
treated with the V. amygdalina extract, the 
histopathological findings in this groups (figure 3D and 
3E) also showed minor hepatocellular degeneration. It 
could be that Vernonia amygdalina possesses antioxidant 
capability, to reverse acetaminophen-induced alterations, 
suppression of lipid per oxidation and oxidative stress 
[27]. This antioxidant action may be attributed to the high 
content of the phytochemical, alkaloids and flavonoid as 
observed in the phytochemical result and as reported by 
Igile et al. [28], the result showed a dose-dependent 
reversal, which is in agreement with the study by 
Iwalokun et al. [16]. The antioxidant mechanism of 
V.amygdalina as suggested by Farombi and Owoeye, is by 
inducing antioxidant and phase 2 enzymes [23]. 
 

Conclusion  

     Oral administration of bitter-leaf (V. amygdalina) 
extracts under acetaminophen challenge significantly 
protected the liver of albino rats from severe hepatic 
damage. The attenuating or protective action of bitter-leaf 
(V. amygdalina) extract against hepatotoxicity by 
acetaminophen was evident in the extract’s ability to 
prevent further biochemical changes which are indicators 
of severe hepatotoxicity. Bitter-leaf (V. amygdalina) 
consumption may possibly be the safest treatment or 
management against any toxicity by drugs with similar 
mechanism of action as acetaminophen. Therefore, 
natural antioxidants in bitter-leaf (V. amygdalina) possess 
the capacity of reducing the toxic effects of drug on liver 
hepatocytes. 
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