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ABSTRACT 
 
Aim: The ability of ethylacetate extract of Persea americana Mill (avocado) seed to ameliorate the 
hepatotoxic effect of acetaminophen in rats was assessed.  
Methodology: Thirty experimental rats were placed in 6 groups of 5 animals per group. Two animal 
groups received distilled water and the drug vehicle, dimethyl sulphoxide (DMSO). Four other 
groups received acetaminophen (750 mg/kg bw/day) in DMSO for 3 days with 3 of the 4 groups 
receiving, after 3 days of acetaminophen administration and for 11 days, Persea americana seed 
extracts (150-, 350 mg/kg bw) and silymarin (200 mg/kg bw). Animals were sacrificed and both 
serum and liver tissue analysed for markers of liver integrity (AST, ALT, ALP), liver function (total 
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protein, albumin, total cholesterol, triglyceride), antioxidant status (SOD, Catalase) and liver 
architecture.  
Results: The result showed induction of hepatotoxicity by acetaminophen with increased AST, ALT, 
ALP and decreased SOD and CAT activities. Hepatotoxicity was also observed as increase in total 
and conjugated bilirubin and decrease in total cholesterol and triglyceride. Administration of Persea 
americana seed ethylacetate extract reversed the status of the parameters towards normal (except 
for AST, total protein and albumin). Also the liver architecture which hitherto revealed inflammation, 
fatty changes and hepatocyte necrosis also reversed to mild inflammation to normal histology. The 
action of the extract was dose dependent and its effectiveness comparable to silymarin (200 mg/kg 
bw).  
Conclusion: The ethylacetate extract of Persia americana showed ameliorative effect against 
acetaminophen-induced hepatotoxicity at higher dose, with potentials to reverse disruptions in liver 
integrity and function, and restore balance in endogenous antioxidant system. 
 

 
Keywords: Persea americana mill; acetaminophen; hepatotoxicity; antioxidant; silymarin. 
 

1. INTRODUCTION 
 
Persea americana Mill. (family Lauraceae), 
commonly known as avocado  is a tropical fruit 
native to Mexico, Central and South America but 
is now grown  worldwide for food and medicinal 
uses [1,2,3]. The fruit pulp contain avocado oil 
also rich in bioactive components such as 
chlorophyll, carotenoids, phenolics and 
phytosterol which is mainly applied in cosmetic 
industry [4].  
 
Abd Elkader AM, et al [5] reported presence of  
flavonoids, sterols, phenolics, triterpenes and 
fatty acids in ethanolic extract of leaves and fruits 
of P. americana and attributed their antioxidant 
activities to the polyphenols and flavonoids [4]. 
Persea americana seed was reported as source 
of bioactive phytochemicals with 
antihypercholesterolamia, antihypertensive, anti-
inflammatory and antidiabetic potentials but yet 
underutilized and a source of worry to avocado 
processors [6]. Antioxidants in medicinal plants 
can function as free radical scavengers, reducing 
agents, metal chelators, hydrogen donors or 
involved in quenching singlet oxygen. Hence 
their actions put the free radicals under check 
and protect the body against oxidative stress [7]. 
The LD50 values of P. americana in rats were, at 
various times reported to be below 5000 mg/kg 
body weight and 1200.75 mg/kg body weight  by 
[8] and [9] respectively. 
 
Paracetamol, also known as N-acetyl-p-
aminophenol or acetaminophen (APAP) is an 
over- the-counter medication which at 
therapeutic doses is indicated for treatment of 
pain, fever and inflammation [10]. Metabolism of 
APAP by liver cytochrome P450 (Cyt-P450) 
leads to the generation of a reactive metabolite, 

N-acetyl parabenzoquinoneimine (NAPQI). 
NAPQI is usually conjugated with glutathione 
(GSH) for elimination to the outside as increase 
in its cellular concentration can lead to liver injury 
due to binding with cellular proteins [11]. Such 
increase usually arise when, in excessive dosing 
of APAP, glutathione conjugation process is 
overwhelmed  due to excessive generation of 
NAPQI and subsequent depletion of GSH. This 
results in paracetamol hepatotoxicity and liver 
damage [12].  
 
Some serum indicators of liver damage include 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase 
(ALP), total protein, albumin, total bilirubin, 
conjugated bilirubin, total cholesterol and 
triglycerides [13,14,15]. In the absence of 
glutathione (GSH), a non-enzymatic endogenous 
antioxidant, the enzymatic antioxidants such as 
superoxide dismutase (SOD) and catalase (CAT) 
play vital roles in protecting the liver against 
paracetamol toxicity [16,17].  
 
Silymarin is a natural product found in Silybum 
marianum fruit and contain among other 
phytochemicals, flavonoids and polyphenols [18]. 
Its hepatoprotective, antioxidant and anti-
inflammatory potentials were reported by [19] 
and its role in the in the protection against liver 
fibrosis due to acetaminophen toxicity reported 
by [20]. It usually acts as free radical scavenger 
and modulator of enzymes responsible for 
cellular damage, fibrosis and cirrhosis and 
improve glycemic parameters in diabetic and 
alcohol cirrhosis  patients [21]. Silymarin has 
been implicated in both lipid and carbohydrate 
metabolism and also ameliorates insulin 
resistance [22]. It has been reported to prevent 
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against paracetamol-induced hepatotoxicity in 
animal models [23,24,25]. 
 
This study intends to evaluate antioxidant 
potentials of Persia americana seed extract and 
the effect of the extract on paracetamol-induced 
liver toxicity in rats. 
 

2. MATERIALS AND METHODS  
 

2.1 Materials 
 
2.1.1 Sample procurement and identification 
 
Mature avocado fruits were purchased in sango 
market, Mile 1 Port Harcourt River state, Nigeria. 
It was identified and deposited in the herbarium 
of the Plant Science and Biotechnology 
Department, University of Port Harcourt with 
voucher number, UPH/C/102.  

 
2.1.2 Sample preparation 
 
The mature avocado fruits were allowed to ripe, 
after which the fleshy parts were removed. The 
seeds were chopped into thin slices and air dried 
until constant weight. The dried sample was then 
pulverized and stored in a container. Weighed 
pulverized plant sample (600 g) was defatted in 
n-hexane and extracted with ethylacetate using 
Soxhlet extraction methods. 

 
2.1.3 Experimental animals 

 
Thirty (30) adult wistar rats of both sexes 
weighing 150 – 180g were purchased from 
animal house Department of Biochemistry, 
University of Port Harcourt, Port Harcourt. They 
were acclimatized for 2weeks, in the animal 
house, kept in laboratory cages and allowed free 
access to standard rat feed and water. 

 
2.2 Methods  
 
2.2.1 Experimental design 

 
The animals were divided into 6 groups of 5 
animals per group. Groups 1, 2 and 3 were given 
distilled water, dimethyl sulphoxide and 
paracetamol (750 mg/kg bw). Group 4 and 5  
recieved Persea americana seed extract (150 
mg/kg bw and 350 mg/kg bw respectively),while 
group 6 is the standard group which received 
silymarin (200 mg/kg bw). Groups 3,4,5 and 6 
received paracetamol for 3 days and after that 

the Persea americana extract and silymarin were 
given for 11 days. 
 

2.2.2 Sample collection and preparation 
 

At the end of the experiment, all animals were 
sacrificed under anesthesia and blood collected 
via cardiac puncture into a heparin sample bottle. 
Serum from centrifuged whole blood was used 
for biochemical and antioxidant assays. Portions 
of the liver were also harvested into sample 
bottles containing 10% of formalin solution for 
histological examination. 
 

2.2.3 Biochemical analysis 
 

The serum activities aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), alkaline 
phosphatase (ALP), and concentrations of total 
protein, albumin, conjugated and unconjugated  
bilirubin  were assayed in the serum using 
Randox commercial kits (RANDOX ,UK). 
Triglyceride concentration was determined using 
Triglyceride kit (Agappe Diagnostics, 
Switzerland). Analytical procedures followed 
were us contained in the kit manuals.  
Absorbance readings were taken using a 
Spectrophotometer (Surgispec SM -23D, 
Surgified medical, England). AST activity was 
ascertained by monitoring the concentration of 
oxaloacetate hydrazone (measured at 540 nm 
wavelength) formed with 2,4-dinitrophenyl 
hydrazine. ALT activity was measured by 
monitoring the concentration of pyruvate 
hydrazone (at 540 nm) formed from 2, 4-
dinitrophenyl hydrazine. Alkaline phosphatase 
(ALP) yields inorganic phosphate and p-
nitrophenol from hydrolyses of a colourless 
substrate (p-nitrophenylphosphate). Under 
alkaline condition, the p-nitrophenol released and 
measured spectrophotometrically at 405nm, is 
proportional to the activity of ALP.  
 

Total protein was measured on the basis of 
interaction between cupric ions, in an alkaline 
medium, and peptide bonds in protein resulting in 
the formation of a coloured complex measured at 
546 nm wavelength. The measurement of serum 
albumin was based on its quantitative binding to 
the indicator 3,3',5,5'-tetrabromo-m cresol 
sulphonephthalein (bromocresol green, BCG). 
The concentration of albumin in the sample is 
directly proportional to the albumin-BCG-complex 
which absorbs maximally at 578 nm. Sulfanilic 
acid reacts with sodium nitrite to form diazotized 
sulfanilic acid. Total bilirubin then reacts with 
diazotized sulfanilic acid in the presence of 
activator (TAB) to form azobilirubin. 
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Triglyceride measurement was by enzymatic 
method involving Lipoprotein Lipase, Glycerol 
Kinase, Glycerol-3-phosphate Oxidase and 
Peroxidase as specified in the kit manual. 
 
The activity of SOD was determined following 
[26] as reported by [27]. A xanthine/xanthine 
oxidase system qenerates superoxide radical    
(02

-) which oxidizes epinephrine to 
adrenochrome. Adenochrome yield is responsive 
to increase in pH and proportional to epinephrine 
concentration. The inhibition of autooxidation of 
epinephrine (pH 10.2 @ 30oC) by SOD leading to 
changes in the level of adrenochrome constitutes 
the basis of this test. 
 
Catalase activity was determined as described 
by [28]. Catalase in the sample preparation splits 
its substrate, hydrogen peroxide which absorbs 
spectrophotometrically at 240nm. One unit of 
catalase activity equals protein concentration that 
converts 1 μmol H202/min to water and oxygen.   
 
2.2.4 Liver histopathological assay 
 
Liver from each group of experimental animals 
were fixed with 10% formalin. This was followed 
by dehydration in isopropyl alcohol and 
embedding in paraffin wax. Embedded tissues 
were later trimmed out and sectioned on a 
microtome. Sections were adsorbed on slides, 
and stained with hematoxylin and eosin, and 
examined under light microscope. 
 
2.2.5 Statistical analysis 
 
The analysis was carried out using SPSS 
Statistics 17.0 (SPSS Inc., Chicago, IL). Data 
were presented as mean ± SEM, and analysed 
using one-way analysis of variance (ANOVA) 
followed by Bonferroni post hoc test. Significance 
was set at p = .05. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Biochemical Assays 
 

In Table 1, the activities of liver integrity marker 
enzymes and relative liver weight of rats 
administered ethylacetate extract of Persea 
americana seed is shown. The administration of 
the extract vehicle, Dimethylsulfoxide (DMSO) at 
0.003ml/ kg body weight (bw) did not cause 
significant changes in the enzyme activities and 
relative liver weight. DMSO at very low doses 
has been reported to serve as vehicle for 
administration of acetaminophen without 

significant biochemical effect on the animals 
[29,30]. Significant changes were observed for all 
the parameters except relative liver weight 
following administration of acetaminophen (750 
mg/kg bw).  Acetaminophen at 750mg/kg bw 
induced liver toxicity in rats [31] resulting in the 
increase in serum liver enzymes activities. The 
reactive metabolite N-acetyl-p-benzoquinone 
imine (NAPQI) arising from the activities of              
the cytochrome P450 (CYP) enzyme on 
acetaminophen is responsible for the liver 
damage. NAPQI, initiates oxidative stress in the 
liver by binding to protein sulfhydryl groups, 
leading to cell necrosis and lipid peroxidation 
[32]. 
 
Two dose levels of 150 and 350 mg/kg bw were 
carefully selected in a buildup to an effective 
dose as different literatures revealed varied 
values as median lethal dose (LD50) of the 
extracts[8,9,33]. Administration of the 
ethylacetate extract of P. americana caused 
dose dependent significant changes in the 
activities of the liver enzyme activities except for 
AST which varied insignificantly for all doses of 
extract and standard drug, silymarin (200mg/kg 
bw) compared to acetaminophen treated group 
3. The extract at 350 mg/kg bw (group 5) caused 
significant reductions in the activities of ALT and 
ALP, and also increased significantly the relative 
liver weight of this group compared to group 3. 
These changes were insignificant when 
compared to the result for the silymarin treated 
group 6. Silymarin has been reported to 
ameliorate acetaminophen toxicity by reducing 
expression and activity of CYP2E1 and 
stemming production of its toxic metabolites [25]. 
 
Flavonoids and phenolics, among other 
phytochemicals have also been reported for P. 
americana seed. [34] and it was also noted to 
possess antioxidant and anti-inflammatory 
properties [35]. These may have contributed to 
its amelioration of acetaminophen toxicity. 
 
Table 2 shows levels of the liver function markers 
(total protein, albumin and bilirubin) of rats 
administered ethylacetate extract of Persea 
americana seed. Administration of 
acetaminophen (750 mg/kg bw) caused 
insignificant changes in the levels of total protein 
and albumin, but significant increase in the levels 
of total and conjugated bilirubin compared to the 
control (group 1). Insignificant changes in the 
levels of serum total protein and albumin after 
acetaminophen administration were reported by 
[36] and [37]. It may result from the duration of 
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Table 1. Activities of liver integrity marker enzymes (AST, ALT, ALP) and relative liver weight of Rats administered ethylacetate extract of Persea 
americana seed 

 

Group Treatment AST 
(IU/L) 

ALT 
(IU/L) 

ALP 
(IU/L) 

Relative Liver Weight (%)  

Group 1 Distilled water  83.93 ± 1.77a 25.91 ± 1.36ab 23.70 ± 1.47a 2.40 ± 0.03 a 
Group 2  DMSO only 96.50 ± 2.50 ab 31.25 ± 0.75ab 32.50 ± 1.71 a 2.87 ± 0.05 a 
Group 3 750mg/kgbw Acetominophen only 123.33 ± 3.33c 37.67 ± 1.45c 58.33 ± 4.91b 2.41 ± 0.10 a 
Group 4 750mg/kgbw Acetominophen+  Extract (150mg/kg bw) 122.50 ± 2.50c 31.75 ± 1.18ab 38.00 ± 2.65a 2.83 ± 0.09 a 
Group 5 750mg/kgbw Acetominophen+ Extract (350mg/kg bw) 114.67 ± 6.06bc 31.33 ± 0.67ab 37.25 ± 3.86a 3.27 ± 0.05 b 
Group 6 750mg/kgbw Acetominophen+ Silymarin(200mg/kg bw) 111.33 ± 3.67bc 31.00 ± 1.60 ab 33.67 ± 4.48a 3.00 ± 0.21 b 

Data represent mean ± standard error mean SEM (n=5). Values with different superscripts down the column are statistically significant at p = .05 

 
Table 2. Serum levels of liver function markers (total protein, albumin and bilirubin) of Rats administered ethylacetate extract of Persea americana 

seed 
 

Group Treatment Total Protein 
(g/l) 

Albumin 
(g/l) 

Total Bilirubin 
(μmol/l) 

Conjugate Bilirubin 
(μmol/l) 

1 Distilled water only 80.33 ± 2.40ab 44.60 ± 0.75a 13.83 ± 0.49 ab 8.10 ± 0.40 ab 
2 DMSO only 83.20 ± 0.80b 46.40 ± 2.29a 9.93 ± 0.69 a 7.70 ± 0.40 ab 
3 750mg/kg bw Acetominophen Only 80.75 ± 1.03ab 46.75 ± 3.33a 19.40 ± 1.42c 12.60 ± 0.40c 
4 750mg/kg bw Acetominophen + Extract (150mg/kg bw) 76.40 ± 0.40a 43.50 ± 2.53a 15.10 ± 0.30 bc 10.65 ± 0.65bc 
5 750mg/kg bw Acetominophen + Extract (350mg/kg bw) 82.75 ± 2.13b 42.60 ± 0.68a 13.60 ± 1.64 ab 8.20 ± 0.90 ab 
6 750mg/kg bw Acetominophen + Silymarin (200mg/kg bw) 79.75 ± 1.08ab 43.00 ± 0.71a 11.10 ± 0.64 ab 7.30 ± 0.96 ab 

Data represent mean ± standard error mean SEM (n=5). Values with different superscripts down the column are statistically significant at p = .05 
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Table 3. Activities of liver antioxidant enzymes (SOD, catalase) and serum lipid status (total cholesterol, TAG) of Rats administered ethylacetate 
extract of Persea americana seed 

 

Group Treatment SOD (U/mL) CATALASE 
(U/mL) 

T.CHOL 
(mmol/l) 

TAG (mmol/l) 

1 Distilled water only 0.31 ± 0.02ab 2.80 ± 0.27ab 3.40 ± 0.07ab 2.17 ± 0.04ab 
2 DMSO only 0.40± 0.02b 4.00± 0.57a 3.38 ± 0.09 ab 2.07 ± 0.03 ab 
3 750mg/kg bw Acetominophen Only 0.20 ± 0.02c 2.20 ± 0.60b 2.91 ± 0.12c 1.69 ± 0.09c 
4 750mg/kg bw Acetominophen + Extract (150mg/kg bw) 0.26 ± 0.02a 3.56 ± 0.20a 3.19 ± 0.03 bc 1.92 ± 0.04bc 
5 750mg/kg bw Acetominophen + Extract (350mg/kg bw) 0.30 ± 0.02b 3.53 ± 0.37a 3.55 ± 0.13 ab 2.27 ± 0.08 ab 
6 750mg/kg bw Acetominophen + Silymarin (200mg/kg bw) 0.32 ± 0.01ab 3.37 ± 0.18a 3.17 ± 0.08 ab 2.33 ± 0.14 ab 

Data represent mean ± standard error mean SEM (n=5). Values with different superscripts down the column are statistically significant at p = .05 
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Fig. 1. Microscopic view of H & E stained liver sections (x 100 magnification) of experimental 
rats exposed to acetaminophen toxicity and treated with doses of P. americana seed 

ethylacetate extract and reference drug, silymarin 
(A) Showing normal liver of control animals. (B) Normal liver section of the DMSO control rats with moderate 

inflammation and cell infiltrates. (C) Liver section of acetaminophen (750 mg/kg bw)- treated group showing 
inflammation, fatty changes and hepatocyte necrosis. (D) Section of liver tissue of group that received lower dose 
(150 mg/kg bw) P. americana seed extract showing diminishing fatty changes and hepatocyte necrosis. (E) Liver 
section of group that received higher dose (350 mg/kg bw) P. americana seed extract showing normal cells with 

mild inflammation changes. (F) Shows normal liver architecture of the group that received acetaminophen 
followed by reference drug, silymarin (200 mg/kg bw). CV: Central vein; PT: Portal tract; HEP: Hepatocyte; SIN: 

Sinusoids; INF: Inflammation; NEC: Necrosis; FC: Fatty changes 
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exposure being too short that protein metabolism 
was not impacted or a waiting period after last 
drug administration being enough to allow 
recovery of protein metabolic mechanisms. 
Increases in total and conjugated bilirubin after 
acetaminophen administration were reported by 
[38 and 39]. 
 
Biotransformation of xenobiotics is among the 
biological functions of the liver and uptake of 
unconjugated (indirect) bilirubin and its 
subsequent conjugation in the liver is one of 
such.  
 
Conjugated (direct) bilirubin, now water soluble, 
is either excreted to the bile or returned to the 
bloodstream for excretion through the kidney 
[40]. The increased serum level of bilirubin in the 
acetaminophen treated group is an indication of 
drug induced necrosis which affected the 
binding, conjugation and excretory capacity of 
the liver cells [41]. The various doses of P. 
americana seed ethylacetate extract may have 
reversed the effect of acetaminophen leading to 
significant reduction in the levels of both total and 
conjugated bilirubin. The effectiveness of this 
reversal is same (statistically) for all doses of the 
extract and the standard drug, silymarin. 
 
The activities of the antioxidant enzymes; 
Superoxide dismutase (SOD) and Catalase and 
the serum lipid levels of total cholesterol and 
triacylglycerol (TAG) were also monitored in all 
the animal groups (Table 3). In tissue damage 
resulting from acetaminophen toxicity, these 
serum parameters are usually decreased 
[42,43,44].  
 
The liver is central to lipid metabolism especially 
cholesterol and lipoproteins and also involved in 
regeneration of reduced glutathione (GSH) 
required to regulate lipid peroxidation processes 
[42]. Thus, the observed significant decrease in 
the activities of these enzymes and lipid levels 
may have resulted from induction of hepatic 
damage by acetaminophen. These decreases 
were reversed by the administration of varied 
doses of P. americana seed ethylacetate extract 
to a level comparable to the standard drug. 
 

3.2 Liver Histopathology Assay 
 
Histopathological observations of liver sections of 
the two experimental control groups show normal 
liver cells with moderate inflammation and cell 
infiltrates in the DMSO control. The group 
induced acetaminophen hepatotoxicity revealed 

inflammation, fatty changes and hepatocyte 
necrosis. Mitochondrial dysfunction has been 
implicated in acetaminophen toxicity leading to 
hepatocyte necrosis. This is followed by 
recruitment of pro-inflammatory cytokines or 
chemokines, Tumor necrosis factor-alpha (TNF-
α) and innate immune cells, mainly neutrophils 
and nonocytes [45]. Also acetaminophen is 
known to inhibit β-oxidation of fatty acid, disrupt 
lipid metabolism and cause triglyceride 
accumulation in liver and serum. This is 
preparatory to onset of steatosis, a major cause 
of liver damage [46]. 
 
The lower dose (150 mg/kg bw) extract treated 
group presents low moderation of the 
acetaminophen toxicity with diminishing fatty 
changes and hepatic necrosis. Both the extract- 
treated (350 mg/kg bw) and the silymarin-treated 
groups revealed normal cellular architecture with 
mild inflammation changes in the extract group 
(Fig. 1). Most liver protecting natural products are 
known to possess anti-inflammatory, antioxidant, 
immunomodulatory and antiviral effects [47]. 
 

4. CONCLUSION 
 
In conclusion, the ethylacetate extract of Persia 
americana showed ameliorative effect against 
acetaminophen-induced hepatotoxicity at higher 
dose. This is as a result of increased 
concentration of relevant phytochemicals and 
may indicate possibility of achieving effective 
dose at higher extract concentrations. It may, 
therefore, have potentials to reverse disruptions 
in liver integrity and function, and restore balance 
in endogenous antioxidant system. Investigations 
aimed at ascertaining the effective dose of the 
extract and its other biological activities and 
mechanisms of actions are underway. 
 

ETHICAL APPROVAL  
 
Animal Ethic committee approval has been 
collected and preserved by the author(s). 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Melgar B, Dias MI, Ciric A, Sokovic M, 
Garcia-Castello EM, Rodriguez-Lopez AD, 
Barros L, Ferreira ICRF. Bioactive 
characterization of Persea americana Mill 



 
 
 
 

Ogbonnaya et al.; Asian J. Res. Biochem., vol. 14, no. 2, pp. 28-39, 2024; Article no.AJRB.114497 
 
 

 
36 

 

by-products: A rich source of inherent 
antioxidants. Ind. Crops Prod. 2018;111: 
212–218. 

2. Segovia F, Hidalgo G, Villasante J, Ramis 
X, Almajano M. Avocado seed: A 
comparative study of antioxidant content 
and capacity in protecting oil models             
from oxidation. Molecules. 2018;23(10):            
2421.  
DOI: 10.3390/molecules23102421 

3. Cortés-Rojo C, Montoya-Pérez R, 
Rodríguez-Orozco AR, Saavedra-Molina 
A, Calderón-Cortés E. Avocado Oil and 
Diabetic Complications Related to 
Mitochondrial Dysfunction, Bioactive Food 
as Dietary Interventions for Diabetes. 
Elsevier. 2019;89–101. 

4. Garcia-Oliveira P, Fraga-Corral M, 
Carpena M, Prieto MA, Simal-Gandara J. 
Approaches for sustainable food 
production and consumption systems. In: 
Future Foods, Rajeev Bhat (Editor), 
Academic Press, Chapter 2. 2022;              
23-38. 

5. Abd Elkader AM, Labib S, Taha TF, 
Althobaiti F, Aldhahrani A, Salem HM, 
Saad A, Ibrahim FM. Phytogenic 
compounds from avocado (Persea 
americana L.) extracts; antioxidant activity, 
amylase inhibitory activity, therapeutic 
potential of type 2 diabetes. Saudi J. Biol. 
Sci. 2022;29(3):1428-1433.  
DOI: 10.1016/j.sjbs.2021.11.031 

6. Dabas D, Shegog RM, Ziegler GR, 
Lambert JD. Avocado (Persea americana) 
seed as a source of bioactive 
phytochemicals. Curr Pharm Des. 2013; 
19(34):6133-40.  
DOI: 10.2174/1381612811319340007  
PMID: 23448442. 

7. Merghem M, Dahamna S, Khennouf S. In 
vivo Antioxidant Activity of Ruta montana 
L. Extracts. J. Mater. Environ Sci. 2019; 
10(5):470-477. 

8. Odo CE, Nwodo OF, Joshua PE, Ugwu 
OP, Okonkwo CC. Acute toxicity 
investigation and antidiarrhoeal effect of 
the chloroform–methanol extract of the 
seeds of Persea americana in albino rats. 
J. Pharm Res. 2013;6:331-35. 

9. Padilla-Camberos E, Martínez-Velázquez 
M, Flores-Fernández JM, Villanueva-
Rodríguez S. Acute toxicity and genotoxic 
activity of avocado seed extract (Persea 
americana Mill., c.v. Hass). Scientific 
World Journal. 2013;2013:245828.  
DOI: 10.1155/2013/245828.  

PMID: 24298206;  
PMCID: PMC3835709. 

10. Islam MT, Quispe C, Islam Md.A,  Ali ES, 
Saha S, Asha UH, Mondal M, Razis AFA, 
Sunusi U, Kamal RM, Kumar M, Sharifi-
Rad J. Effects of nerol on paracetamol-
induced liver damage in Wistar albino rats. 
Biomedicine & Pharmacotherapy. 2021; 
140(2021):111732.  
Available:https://doi.org/10.1016/j.biopha.2
021.111732 

11. Rašković A, Bukumirović N, Kusturica MP, 
Milić N, Čabarkapa V, Borišev I, Mikov M. 
Hepatoprotective and antioxidant potential 
of Pycnogenol® in acetaminophen-induced 
hepatotoxicity in rats Phytother. Res. 2019; 
33(3):631-639. 

12. Hussain S, Ashafaq M, Alshahrani S, 
Siddiqui R, Ahmed RA, Khuwaja G, Islam 
F. Cinnamon oil against acetaminophen-
induced acute liver toxicity by attenuating 
inflammation, oxidative stress and 
apoptosis Toxicol. Rep. 2020; 7:            
1296-1304. 

13. Rotundo L, Pyrsopoulos N. Liver injury 
induced by paracetamol and challenges 
associated with intentional and 
unintentional use. World J Hepatol. 2020; 
12(4):125-136.  
DOI: 10.4254/wjh.v12.i4.125 
PMID: 32685105;  
PMCID: PMC7336293. 

14. Ilukho FA, Fasipe OJ, Aigbe FR. 
Evaluating the hepatoprotective, 
ameliorative and antioxidant potentials of 
the crude aqueous leafy extracts of 
Mangifera indica plant against acute 
paracetamol-induced hepatotoxicity in a 
mouse model. Future Sci OA. 2022; 
8(6):FSO801.  
DOI: 10.2144/fsoa-2021-0119 
PMID: 35909999;  
PMCID: PMC9327647. 

15. Koshak MF, El-Readi MZ, Elzubier ME, 
Refaat B, Almaimani RA, Idris S, Althubiti 
M, Al-Amodi HS, Eid SY. Antioxidative and 
Anti-Inflammatory Protective Effects of 
Fucoxanthin against Paracetamol-Induced 
Hepatotoxicity in Rats. Marine Drugs. 
2023;21(11):592.  
Available:https://doi.org/10.3390/md21110
592 

16. Balaha MF, Aldossari RM, Aodah AH, 
Alam A. Insights from a rat model of 
paracetamol-induced hepatotoxicity into 
the molecular mechanisms of silymarin 
and resveratrol combination therapy for 



 
 
 
 

Ogbonnaya et al.; Asian J. Res. Biochem., vol. 14, no. 2, pp. 28-39, 2024; Article no.AJRB.114497 
 
 

 
37 

 

protecting liver function. Biomed J Sci & 
Tech Res. 2023;54(1)-2023. 

17. Singh, S, Nirala SK, Bhadauria M. 
Comparative role of acetaminophen, 
carbon tetrachloride and thioacetamide in 
development of fibrosis in rats. Toxicology 
Research. 2024;13(1):tfad114.  
Available:https://doi.org/10.1093/toxres/tfa
d114 

18. Camini FC, Costa DC. Silymarin: Not just 
another antioxidant. J. Basic Clin. Physiol. 
Pharmacol. 2020;31.  
DOI: 10.1515/jbcpp-2019-0206 

19. Aghemo A, Alekseeva OP, Angelico F, 
Bakulin IG, Bakulina NV, Bordin D, 
Bueverov AO, Drapkina OM, Gillessen A, 
Kagarmanova EM, et al. Role of silymarin 
as antioxidant in clinical management of 
chronic liver diseases: A narrative review. 
Ann. Med. 2022;54:1548–1560.  
DOI: 10.1080/07853890.2022.2069854 

20. Onaolapo OJ, Adekola MA, Azeez TO, 
Salami K, Onaolapo AY. l-Methionine and 
silymarin: A comparison of prophylactic 
protective capabilities in acetaminophen-
induced injuries of the liver, kidney and 
cerebral cortex. Biomed. Pharmacother. 
2017;85:323–333.  
DOI: 10.1016/j.biopha.2016.11.033 

21. Gillessen A, Schmidt, HH. Silymarin as 
supportive treatment in liver diseases: A 
narrative Review. Adv Ther. 2020;37(4): 
1279-1301.  
DOI: 10.1007/s12325-020-01251-y.  
PMID: 32065376;  
PMCID: PMC7140758. 

22. MacDonald-Ramos K, Michán L, Martínez-
Ibarra A, Cerbón M. Silymarin is an ally 
against insulin resistance: A review. Ann 
Hepatol. 2021;23:100255.  
DOI: 10.1016/j.aohep.2020.08.072 

23. Papackova Z, Heczkova M, Dankova H, 
Sticova E, Lodererova A, Bartonova L, 
Poruba M, Cahova M. Silymarin prevents 
acetaminophen-induced hepatotoxicity in 
mice. PLoS One. 2018; 13(1):             
e0191353.  
DOI: 10.1371/journal.pone.0191353.  
PMID: 29342206;  
PMCID: PMC5771617. 

24. Kim YC, Na JD, Kwon DY, Park JH. 
Silymarin prevents acetaminophen-
induced hepatotoxicity via up-regulation of 
the glutathione conjugation capacity in 
mice. J. Funct. Foods. 2018;49:235-240.  
Available:https://doi.org/10.1016/j.jff.2018.
08.025 

25. Yang W, Liang Z, Wen C, Jiang X, Wang 
L. Silymarin protects against acute liver 
injury induced by acetaminophen by 
downregulating the expression and activity 
of the CYP2E1 Enzyme. Molecules. 2022; 
27(24):8855.  
Available:https://doi.org/10.3390/molecules
27248855 

26. Misra HP, Fridovich, I. The role of 
superoxide anion in the autoxidation of 
epinephrine and a simple assay for 
superoxide dismutase. J. Biol. Chem. 
1972;247:3170-3175. 

27. Adeyemi O, Adeyemi O. Evaluation of toxic 
effect of oral co-administration of crude oil 
and vitamin C on antioxidant system of 
albino rats. Biokemistri. 2021;33(4):           
227-233. 

28. Clairborne A. Catalase activity. In: 
Greewald AR, editor. Handbook of 
methods for oxygen radical research.       
Boca Raton, FL: CRC Press. 1995:              
237–242. 

29. Nurul SAS, Hazilawati, H, Mohd RS, Mohd 
FHR, Noordi, MM, Norhaizan MA. 
Subacute oral toxicity assesment of 
ethanol extract of Mariposa christia 
vespertilionis leaves in male sprague 
dawley rats. Toxicol Res. 2018;34:            
85−95.  
Available:https://doi.org/10.5487/TR.2018.
34.2.085 

30. Anusha CS, Sini H, Prakashkumar B, 
Nevin KG. Mechanism of protection of rat 
hepatocytes from acetaminophen-induced 
cellular damage by ethanol extract of 
Aerva lanata. Interdiscip Toxicol. 2019; 
12(4):169-179.  
DOI: 10.2478/intox-2019-0021 

31. Hota RN, Nanda BK, Behera BR, Bose A. 
Ameliorative effect of ethanolic extract of 
Limnophila rugosa (Scrophulariaceae) in 
paracetamol- and carbon tetrachloride-
induced hepatotoxicity in rats. Futur J 
Pharm Sci. 2022;8:6.  
Available:https://doi.org/10.1186/s43094-
021-00397-y 

32. Hanafy A, Aldawsari HM, Badr JM, Ibrahim 
AK, Abdel-Hady SE. Evaluation of 
hepatoprotective activity of Adansonia 
digitata extract on acetaminophen-induced 
hepatotoxicity in rats. Evid Based 
Complement Altern Med. 2016;1:4579149.  
Available:https://doi.org/10.1155/2016/457
9149 

33. Asiwe ES, Igwe CU, Iheanacho KME, 
Onyeocha IO, Onwuliri VA. Bioactive 



 
 
 
 

Ogbonnaya et al.; Asian J. Res. Biochem., vol. 14, no. 2, pp. 28-39, 2024; Article no.AJRB.114497 
 
 

 
38 

 

composition and acute oral toxicity studies 
on Persea americana seed ethyl acetate 
fraction. Asian Journal of Research in 
Biochemistry. 2021;8(4):10–17.  
Available:https://doi.org/10.9734/ajrb/2021/
v8i430186 

34. Setyawan HY, Sukardi S, Puriwangi CA. 
Phytochemicals properties of avocado 
seed: A review. IOP Conf. Ser. Earth 
Environ. Sci. 2021;733 012090.  
DOI :10.1088/1755-1315/733/1/012090 

35. Bangar SP, Dunno K, Dhull SB, Kumar 
Siroha A, Changan S, Maqsood S, Rusu 
AV. Avocado seed discoveries: Chemical 
composition, biological properties, and 
industrial food applications. Food Chem X. 
2022;16:100507.  
DOI: 10.1016/j.fochx.2022.100507.  
PMID: 36573158;  
PMCID: PMC9789361.  

36. Toyoda T, Cho YM, Akagi JI, Mizuta Y, 
Matsushita K, Nishikawa A, Imaida K, 
Ogawa K. A 13-week subchronic toxicity 
study of acetaminophen using an obese rat 
model. J Toxicol Sci. 2018;43(7):423-433.  
DOI: 10.2131/jts.43.423  
PMID: 29973474. 

37. Asala TM, Abatan MO, Salami SA, Baba-
Onoja OO, Akanbi OB, Rowaiye AB, 
Ocheja BO, Ada G. The ameliorative effect 
of the solvent extracts of Ocimum 
basilicum against acetaminophen-induced 
liver damage in albino rats. Journal of 
Phytomedicine and Therapeutics. 2021; 
20(1):581-597.  
DOI: 10.4314/jopat.v20i1.4 

38. Sinaga E, Fitrayadi A, Asrori A, Rahayu 
SE, Suprihatin S, Prasasty VD. 
Hepatoprotective effect of Pandanus 
odoratissimus seed extracts on 
paracetamol-induced rats. Pharm Biol. 
2021;59(1):31-39.  
DOI: 10.1080/13880209.2020.1865408  
PMID: 33403907;  
PMCID: PMC7801105. 

39. Eldin DN, Fahim HI, Ahmed HY, 
Abdelgawad MA, Abourehab MAS, Ahmed 
OM. Preventive effects of mandarin fruit 
peel hydroethanolic extract, hesperidin, 
and quercetin on acetaminophen-induced 
hepatonephrotoxicity in wistar rats. Oxid 
Med Cell Longev. 2022;2022:7065845.  
DOI: 10.1155/2022/7065845  
PMID: 36092164;  
PMCID: PMC9463012.  

40. Ruiz ARG, Javier C,  Martínez RML, 
Iruzubieta, P,  Mercadal GC, Garcés ML, 

Bernardo L, Ruiz MM. Measurement and 
clinical usefulness of bilirubin in liver 
disease. Adv Lab Med. 2021;2(3):           
352-361.  
Available:https://doi.org/10.1515/almed-
2021-0047 

41. Akinmoladun AC, Oguntunde KO, Owolabi 
LO, Ilesanmi OB, Ogundele JO, Olaleye 
MT, Akindahunsi AA. Reversal of 
acetaminophen-generated oxidative stress 
and concomitant hepatotoxicity by a 
phytopharmaceutical product. Food Sci. 
Hum. Wellness. 2017;6(1):20-27.  
Available:https://doi.org/10.1016/j.fshw.201
6.11.001. 

42. Igwel CU, Nwaogu L, Olunkwa EU, Otaba 
M, Onwuliri V. Atherogenic and 
haematologic indices of paracetamol- 
overdosed albino rats treated with aqueous 
leaf extracts of euphorbia heterophylla and 
jatropha curcas. J Clin Toxicol. 2017; 
7:344. 

43. Akhtar MS, Rehman AU, Arshad H, Malik 
A, Fatima M, Tabassum T, Raza AR, 
Bukhsh M, Murtaza MA, Mehmood MH, 
Sultan A, Rasool G, Riaz M. In vitro 
antioxidant activities and the therapeutic 
potential of some newly synthesized 
chalcones against 4-acetaminophenol 
induced hepatotoxicity in rats.                      
Dose- Response. 2021; 19(1): 
1559325821996955.  
DOI: 10.1177/1559325821996955  
PMID: 33795997;  
PMCID: PMC7968038. 

44. Akgun E, Boyacioglu M, Kum S. The 
potential protective role of folic acid against 
acetaminophen-induced hepatotoxicity and 
nephrotoxicity in rats. Exp Anim. 2021; 
70(1):54-62.  
DOI: 10.1538/expanim.20-0075  
PMID: 32963203;  
PMCID: PMC7887621. 

45. Xu L, Wang H. A dual role of inflammation 
in acetaminophen-induced liver injury. 
Liver Research. 2023;7(1):9-15.  
Available:https://doi.org/10.1016/j.livres.20
23.03.001 

46. Suciu M, Gruia AT, Nica DV, Azghadi 
SMR, Mic AA, Mic FA. Acetaminophen-
induced liver injury: Implications for 
temporal homeostasis of lipid metabolism 
and eicosanoid signaling pathway. 
Chemico-Biological Interactions. 2015;242: 
335-344.  
Available:https://doi.org/10.1016/j.cbi.2015.
10.019 



 
 
 
 

Ogbonnaya et al.; Asian J. Res. Biochem., vol. 14, no. 2, pp. 28-39, 2024; Article no.AJRB.114497 
 
 

 
39 

 

47. Zhu P, Li J, Fu X, Yu Z. Schisandra                   
fruits for the management of drug-           
induced liver injury in China: A                     

review. Phytomedicine. 2019;59:             
152760.  
DOI:10.1016/j.phymed.2018.11.020 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/114497 


