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ABSTRACT 
 
the objective of this study was to explore the hepatoprotective and hepatocurative effects of aqueous stem bark 
extract of Annona muricata. This experimental controlled study was carried out between the May and July, 2015. A 
total of 36 male albino rats of age 2 weeks, mean weight of 88.03 g, were randomly divided into six groups. The 
groups designated 1, 2, 3, 4, 5 and 6 were orally administered 1ml of distilled water, 300 mg/kg of acetaminophen 
for 7 days, 300 mg/kg of acetaminophen for 7 days and allowed to heal naturally, 300 mg/kg of acetaminophen for 7 
days and 25 mg/kg aqueous stem bark extract of Annona muricata for another 7days), 25 mg/kg aqueous stem bark 
extract of Annona muricata for 7 days, and (25 mg/kg aqueous stem bark extract of Annona muricata for 7 days and 
300 mg/kg of acetaminophen for another 7 days, respectively. The experiment lasted for 14 days. Blood and liver 
samples were collected and investigated using the Reitman and Frankel, Kinetic, Haematoxylin and Eosin methods. 
Result showed significant increase in serum levels of alkaline phosphatase (ALP; 220.80±38.27 to 532.20±135.06), 
aspartate transaminase (AST; 29.00±7.31 to 60.83±24.11), alanine transaminase (ALT; 6.60±1.94 to 20.66±10.50) 
and lactate dehydrogenase (LDH; 313.00±153.88 to 691.00±444.29) when group 1 was compared with group 2 
(p<0.05). Liver microscopy of group 2 showed evidence of cholestasis and necrosis. It also showed minimal change 
in tissue architecture with concomitant significant decrease in serum levels of ALP (244.83±55.92), AST 
(28.50±14.33), ALT (6.00±1.89) and LDH (306.60±113.69) when group 6 was compared with group 2 (p<0.05). In 
conclusion, the biochemical analysis and liver microscopy of this study suggests that aqueous stem bark extract of 
Annona muricata possess significant hepatoprotective, anticholestasis and antisinusoidal congestion properties. 
                                    
Keywords: Annona muricata, Hepatoprotective, Stem bark, Acetamenophen, Anticholestasis, Antisinusoidal-
congestion 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Migraine is a headache; severe enough to profoundly restrict or inhibit routine daily activity and with resultant 
nausea or light or sound sensitivity [1]. In the Global Burden of Disease Survey 2010, it was ranked as the third 
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most prevalent disorder and seventh-highest specific cause of disability worldwide [2]. An analgesic is any 
medication intended for the relief of pain such as acetaminophen and opioid among others. Patients with chronic 
headache understandably tend to take analgesics frequently in an effort to reduce their pain and so enable themselves 
to carry out their routine activities [3]. 
 
Acetaminophen produces damage to the hepatic microvasculature (sinusoidal endothelial cell) which results in 
hepatocellular injury [4]. The reactive metabolite of acetaminophen, N-acetyl-p-benzoquinoneimine (NAPQI), is 
produced by cytochrome P-450 (CYP) as a result of direct two electron oxidation of acetaminophen [5]. The study 
carried out by Ito et al. [6] revealed swelling of the endothelial cells and erythrocytes penetration into the 
extrasinusoidal Space of Disse following acetaminophen overdose. More so, analgesic nephropathy, a form of 
chronic renal disease, has been reported to occur following recurrent liver injury due to excessive intake of analgesic 
mixtures [7]. Nephropathology, particularly proximal tubal cell necrosis, has been observed following 
acetaminophen overdose [5]. It is estimated that 9%, 3% and 1% of patients undergoing dialysis in Australia, Europe 
and the United States, respectively due to analgesic nephropathy [8]. Recent reports which favour the use of herbal 
preparations over synthetic drugs [9-11] have increased the number of researches carried out on plant materials in a 
bid to finding a safe natural analgesics and hepatoprotective products.  
 
Annona muricata belonging to the family Annonaceae, found throughout the tropics, [12] and has been known to 
possess antidiabetic [12-14], antioxidant, antimutagenic [15], antinociceptic and antiulcerative effects [16,17]. It is 
usually recommended in cases of constipation, obesity, hypertension and coronary diseases [12].  However, little or 
no work has been carried out to evaluate the potency of aqueous stem bark extract of Annona muricata to ameliorate 
the toxicity caused by acetaminophen (paracetamol) consumption. Thus, the aim of this study is to determine the 
hepatoprotective effect of Annona muricata following acetaminophen induced hepatotoxicity.  
  

MATERIALS AND METHODS 
 
2.1 Study area 
The study was carried out at the animal facility in the department of Medical Laboratory Science, Faculty of Health 
Sciences, Madonna University Elele, Rivers state, Nigeria between May and July, 2015. The study area is located in 
the tropics (with the mean daily temperature of 29 ºC) at the southern part of Nigeria; latitude 5 27-5 31N and 
longitude 6 55-7 85E [18].  
 
2.2 Ethical approval 
The research received ethical approval from the departmental ethics committee of Madonna University, Nigeria. The 
experiment was conducted in accordance with the guidelines of the U.S. National Institute of Health [19] on the care 
and use of laboratory animals and also in accordance with the principles of Good Laboratory Procedure [20]. 
 
2.3 Animals handling 
A total of 36 male albino rats, 2 to 3 weeks of age were used for this study. The experimental animals used for this 
study were obtained from the animal facility in Madonna University, Elele, Nigeria housed in wire meshed cage 
under standard conditions (temperature 25 -29°C, 12 hours light and 12 hours darkness cycles). 
 
2.4 Test samples 
The test samples were Acetaminophen and Annona muricata stem bark extract. The acetaminophen which is 
paracetamol was bought from Madonna University Pharmacy, was grinded and weighed. Fresh large quantity of 
stem bark of Annona muricata tree was gotten from Amucha village in Orlu local government of Imo state Nigeria. 
The botanic identification and authentification was carried out in faculty of pharmacy Madonna University, Elele 
campus by a taxonomist and a sample keep at the herbarium (MU/PHGSY/05/001).  
 
2.5 Preparation of extract 
Fresh stem bark of Annonamuricata was cut from the tree, dried for one week until there were no evidence of 
obvious moisture in them, the dried stem bark was grinded into powered form. Six hundred (600) ml of distilled 
water was added to 100 grams of the ground stem bark and allowed to stand in a refrigerator for 72hrs. The 
supernatant was decanted into a beaker, filtered using filter papers and the water evaporated to dryness in an oven. 
After drying, the powder form of the extract was wraped in aluminum foil and preserved in a refrigerator [21,22]. 
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2.6 Experimental design 
This experimental controlled study was carried out in Madonna University, Elele Campus, River State; A total of 36 
male albino rats with an average weight of 88.03g were used as animal model, housed in six meshed cages 
containing 6 rats each. They were allowed to acclimatize for two weeks before the commencement of the 
experiment and fed on standard rat chow and water ad libitum for the duration of the experiment. Group 1, 2, 3, 4, 5 
and 6 were orally administered 1ml of distilled water for 14 days, 300 mg/kg of acetaminophen for 7 days, 300 
mg/kg of acetaminophen for 7 days and allow to heal naturally, 300 mg/kg of acetaminophen for 7 days and 25 
mg/kg of Annona muricata extract for 7 days, 25kg body weight of Annona muricata extract for 7 days, 25mg/kg 
body weight of extract for 7 days and 300 mg/kg of acetaminophen for 7 days, respectively. The Annona muricata 
extract and acetaminophen were dissolved in 1 ml of distilled water before administration. 
 
2.7 Sample collection and biochemical analyses 
At the end of the experiment (14 days), the animals were subjected to an overnight fast, weighed using a weighing 
balance (Doran-PC 500), anesthetized by the “Drop method” [23], blood samples taken from their jugular vein and 
dispensed into plain containers labeled appropriately and allowed to coagulate. The samples were centrifuged in a 
Power Spin Centrifuge (C858E) for 10 minutes at 1500g within two hours after collection. The serum obtained was 
stored frozen until analyses. Immediately after the blood collection the rats were sacrificed and dissected. The liver 
was excised, blotted dry, weighed on a microbalance sensitive at 0.001 mg (Precisa 125A, Switzerland) and 
recorded.  Liver samples were fixed in 10% formal saline until histopathological analysis. Biochemical analyses 
were carried out to determine the serum concentrations and activity of some enzymes such as AST and ALT 
(Randox Laboratories Ltd, United Kingdom, 303909) using the Reitman and Frankel method. ALP (Randox 
Laboratories Ltd, United Kingdom, 3230003) and LDH (Agappe Diagnostics, Switzerland, 51407002) level were 
estimated using the kinetic method as described by Sood [24]. Their absorbencies were read using a 
spectrophotometer (APEI PD-303S). 
 
2.8 Automatic tissue processing  
The tissues were processed in an automatic tissue processor (Jung Histokinette 2000) as follows: Beaker 1 
(containing10% formal saline) for 3 hours,  Beaker 2 (containing 70% alcohol)for1hour,  Beaker 3 (containing80% 
alcohol) for 2 hours,  Beaker 4 (containing90% alcohol) for2 hours, Beaker 5(containing95% alcohol) for2 hours,  
Beaker 6 (containing95% alcohol) for 2 hours, Beaker 7 (containingabsolute alcohol I) for 2hours, Beaker 8 
(containing absolute alcohol II) for 2hours,  Beaker 9 (containing xylene I) for 3 hours, Beaker 10 (containing  
xylene II) for 3 hours, Wax bath I for 3 hours, Wax bath II for 3 hours. After to the last processing stage, tissues 
were covered in molten paraffin wax in metallic embedding moulds, allowed to cool and solidify in a refrigerator for 
15 minutes at 5ºC. The cooled and solidified tissue blocks were trimmed to remove excess wax and serially 
sectioned at 5 µm on a rotary microtome (KEDEE KD- 3668AM). The sections were floated in 20% alcohol and 
transferred to a water bath (HH-420) at 45ºC and picked up at an angle using clean frosted end slides. Adequate 
attachment of tissues to slides was ensured by placing the tissue and slide on a hot plate for a duration of 40 minutes. 
 
2.9 Haematoxylin and Eosin staining  
The tissue sections were dewaxed in 2 changes of xylene for 2 minutes each, hydrated through decreasing grades of 
alcohol (that is, 100%, 90%, 80% and 70%) for 2 minutes each, stained in Ehrlichshaematoxylin for 30minutes and 
rinsed in running tap-water to remove excess stain. The sections were differentiated in 1% acid alcohol for a second, 
blued in running tap water 10 minutes, counterstained with 1% eosin for 2 minutes, rinsed in water, dehydrated in 
ascending grades of alcohol (70%, 80, 95% and absolute), dealcoholized in xylene, dried at room temperature and 
mounted using dibuthylphthalate propylene xylene. The slides were examined under a light microscope and 
photomicrographs were taken using a camera attached to the microscope. 
 
2.10 Statistical Analysis 
The biochemical data were subjected to some statistical analysis: analysis of variance (ANOVA) and Post Hoc test 
was carried out on the data using the Statistical Package for Social Sciences (SPSS; version 18). Values were 
reported as Mean ± SD. P-value is significant at p<0.05. 
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RESULTS 
 

Table 1: comparing the effects of aqueous stem bark extract of Annona muricata and paracetamol on some enzymes and weight of the 
liver based on group treatments 

 
Groups ALP (U/L) AST (U/L) ALT (U/L) LDH (U/L) BODY  WT LIVER WT (g) O/B wt ratio 

Group 1 220.80 ± 38.27 29.00 ± 7.31 6.60±1.94 313.00±153.88 129.60±16.69 6.56±0.81 5.06±0.17 

Group 2 
532.20 ± 135.06 

0.000 
60.83 ± 24.11 

0.003 
20.66±10.50 

0.000 
691.00±444.29 

0.023 
157.00±13.19 

0.056 
8.99±1.86 

0.003 
5.72±1.02 

0.091 

Group 3 
168.00 ± 57.60 

0.239 
34.16 ± 3.76 

0.602 
6.83±1.47 

0.942 
496.83±273.58 

0.251 
180.33±19.24 

0.001 
8.45±1.20 

0.018 
4.69±0.38 

0.330 

Group 4 
194.00 ± 85.81 

0.563 
62.40 ± 23.19 

0.003 
9.20±6.22 

0.440 
356.00±144.76 

0.795 
150.80±35.31 

0.150 
7.33±1.08 

0.339 
4.94±0.44 

0.756 

Group 5 
157.16 ± 14.63 

0.158 
41.66 ± 13.67 

0.206 
6.50±2.07 

0.975 
697.50±207.67 

0.021 
165.66±27.52 

0.014 
7.76±1.05 

0.124 
4.76±0.27 

0.434 

Group 6 244.83 ± 55.92 
0.588 

28.50 ± 14.33 
0.960 

6.00±1.89 
0.852 

306.60±113.69 
0.969 

139.33±18.87 
0.484 

7.23±1.10 
0.380 

5.21±0.27 
0.734 

G2 vs G3 0.000 0.008 0.000 0.205 0.086 0.461 0.008 
G2 vs G4 0.000 0.874 0.001 0.042 0.655 0.036 0.047 
G2 vs G5 0.000 0.049 0.000 0.966 0.513 0.098 0.013 
G2 vs G6 0.000 0.002 0.000 0.021 0.188 0.021 0.179 
G3 vs G4 0.554 0.007 0.463 0.040 0.040 0.148 0.512 
G3 vs G6 0.077 0.548 0.785 0.235 0.004 0.102 0.183 
F-value 19.454 4.985 6.969 2.736 3.633 2.797 2.153 
P-value 0.000 0.002 0.000 0.040 0.012 0.036 0.089 

 The mean difference is significant at the 0.05 level, Analysis of variance, Post Hoc test, N=36, n=6  
Keys: ALP= Alkaline phosphatise, AST= Aspartate transaminase, ALT= Alanine transaminase, LDH= Lactate dehydrogenase, wt= weight, 

O/B= organ/body, Group 1= (G1), Group 2= (G2), Group 3= (G3), Group 4= (G4), Group 5= (G5), Group 6= (G6) 
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Figure 1 (Group 1; {control} administered 1 ml of distilled water): photomicrograph of a liver section with normal 
microarchitecture. Its shows distinct liver sinusoids (marked by green arrows), hepatocytes (marked by blue arrows), 
and central vein (marked by black arrow). H&E stained. X400 
 
Figure 2 (group 2; administered 300  mg/kg body weight of paracetamol for 7days): photomicrograph of a liver 
section showing generalized ballooning degeneration; dilated central vein (marked by double headed arrow), few 
inflammatory cells (marked by black arrow heads), necrotic hepatocytes and iron deposits (karyorhesis; marked by 
single headed black arrow), cholestasis and congested sinusoids. H&E stained. X400 
 
Figure 3 (group 3; administered 300 mg/kg body weight of acetaminophen and allowed to heal naturally for 7 
days): photomicrograph of a liver section with no obvious change in tissue architecture. H&E stained. X400 
 
Figure 4 (group 4; administered 300 mg/kg body weight paracetamol for 7 days followed by 25 mg/kg body weight 
of aqueous stem bark extract of Annona muricata for 7days): photomicrograph of a liver section with moderate 
vacuolation (marked by red arrow heads), compromised integrity of the central vein (marked by green arrow head), 
and inflammatory cells (marked by black arrow heads). H&E stained. X400 
 
Figure 5 (group 5; administered 25 mg/kg body weight of aqueous stem bark extract of Annona muricata): 
photomicrograph of a liver section shows minimal change in tissue architecture. Dilation of the sinusoids is evident. 
The liver sinusoids appear dilated. H&E stained. X400 
 
Figure 6 (group 6; administered 25 mg/kg body weight of aqueous stem bark extract of Annona muricata for 7 days 
followed by 300 mg/kg body weight of paracetamol for another 7 days): photomicrograph of a liver section shows 
mild tissue necrosis. H&E stained. X400 
 

 DISCUSSION 
 

Abuse of drug could range from small doses of paracetamol to large doses of morphine. These drugs may have 
minimal to severe effects on the liver and kidney following the formation of NAPQI. This study aimed to exploit the 
fact that Annonamuricata has been reported to possess antiulcer and antioxidant activity [16,17] to assess its potency 
in ameliorating the effect caused by acetaminophen (paracetamol) on the liver.  
 
Hepatotoxicity following acetaminophen overdose or abuse in humans and rodents is associated with hepatic 
congestion. The congestion results from the accumulation of red blood cells within endocytic vacuoles and the 
Space of Disse with a collapse of the sinusoidal lumens [5]. The latter reports are in consonance with the findings of 
this study (figure 2) which showed decrease sinusoidal space with concomitant infiltration of red cells (an evidence 
of cholestasis) when compared with the control group (figure 1). The observed architectural change in the liver is 
also consistent with the drug induced hepatotoxicity described by Kumar et al. [25]. The study carried out by Walker 
and co-workers revealed that a very high dose of acetaminophen after one and half hours lead to an initial significant 
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increase in liver weight and elevation of alanine transaminase and aspartate transaminase is associated with lysis of 
hepatocytes and necrosis [26,27]. The latter is consistent the significant increase in liver weight and serum enzyme 
levels observed in group 2 (Table and figure 2). The higher bodyweight and organ: body weight ratio also confirms 
that acetaminophen can be highly toxic in cases of overdose, prolonged use or drug-abuse. 
 
Based on the result of this study (table and figure 5), it could be argued that aqueous stem bark extract of Annona 
muricata had no obvious pathological effect on the microarchitecture of the liver. As a matter of fact, it could also 
be suggested that the plant extract may have the potency of forestalling apoptosis or ameliorating hepatic damage, 
since the serum levels of ALP and ALT (key liver enzymes) were lower when compared with that of the control 
group. The reason for the higher serum level of AST and LDH activity following administration of the extract is still 
unclear. Aspartate aminotransferase (AST) and LDH are largely found in significant amounts in the heart and liver 
while lesser amounts are found in skeletal muscle, kidneys, pancreas, spleen, lungs and brain [28]. Furthermore, the 
administered dose of the extract increased the diameter of the sinusoids without significant change in tissue 
architecture. This latter effect of the extract could counter the cholestatic and sinusoidal congestion induced by 
acetaminophen on the liver.  
 
The result of the study show that aqueous stem bark extract of Annona muricata may possess little or no 
hepatocurative potency at the administered dosage. This is due to the fact the group 4 had higher serum levels of 
ALP, AST and ALT compared to the animals that were allowed to heal naturally following artificially induced 
hepatotoxicity (group 3). Despite the lower activity of lactate dehydrogenase (group 4), microscopy of the liver 
section of group 3 showed no change in tissue architecture (figure 3) compared with that of group 4 that showed 
features of inflammation and drug toxicity (figure 4). The fact that the organ: body weight ratio of group 4 was 
observed to be higher compared with that of group 3 further undermines the hypothesis that Annona muricata may 
possess hepatocurative effect. 
 
The biochemical analysis also revealed lower ALP, AST, ALT and LDH (table) in group 6 (administered 25 mg/kg 
body weight of aqueous stem bark extract of Annona muricata before artificially inducing hepatotoxicity) when 
compared with other groups that received paracetamol. This suggests that Annona muricata possess 
hepatoprotective effect at the administered dosage. This is supported by the liver microscopy of group 6 (figure 6) 
which showed less microarchitectural changes compared with group 2. In fact, there were significant differences 
between group 6 and group 2 in terms of tissue architecture, liver weight and enzyme level or activity (Figures 2 and 
6, and table). Furthermore, there is no significant difference between group 1 (control) and group 6 in all the 
assessed parameters unlike when group 1 was compared with other groups. The observed anticholestatic and 
antisinusoidal congestion could be linked to the same phytochemical agents that confer antiulcer and antioxidant 
properties on Annona muricata. An example, is a class of bioactive agent known as alkaloid which include 
compound such as epoxymurin, reticuline and anomuricine among others [16,17, 28,29]. 
 
Furthermore, the increase in liver weight and elevation of liver enzymes following acetaminophen administration 
and reverse decrease observed when aqueous stem bark extract of Annona muricata was administered are in 
consonance with the report of Arthur et al., [30] who carried out their study using aqueous leaf extract of Annona 
muricata. This lends support to the work of Moghadamtousi  et al. [29] who stated that alkaloids are found in both 
leaf and stem bark extracts of Annona muricata. The enzyme lactate dehydrogenase, can be found in almost all 
living cells, especially the liver, heart, red blood cells, brain, lungs, kidneys, pancreas and striated muscles [31]. It is 
released during tissue breakdown or some disease process, particularly in the case of hemolysis [32]. The decrease 
in transaminases and LDH observed in this study relates well with the decrease in liver enzymes, protein and 
malondialdehyde in both the liver and brain reported by Padma et al. [33] following ethanol stembark extract of 
Annona muricata administration. Thus, Annona muricata cannot be only used to forestall liver damage but also 
other organ damage following toxic chemical exposure. The decrease in LDH in this study also relates well with the 
reduction of jaundice as reported by Arthur et al. [34], after administration of aqueous extract of A. muricata leaf to 
rats suffering from artificially induced hepatic injury. This is due to the potency of A. muricata to reduce the rate of 
haemolysis (red blood cell breakdown). As This further supports the fact that all parts of A. muricata are medicinal 
[29]. 
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CONCLUSION 
 

The biochemical investigations and liver microscopy of this study suggests that aqueous stem bark extract of 
Annona muricata possess antihaemolytic, anticholestasis and antisinusoidal congestion properties. Thus, these 
properties of Annonamuricata extract can be exploited to treating several tissue breakdowns or side effects 
following drug administration. 
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