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Abstract. Abu MS, Mashi RL, Lawal JY, Nathan F. 2023. Effects of aqueous extract of polyherbal formulation on acetaminophen-

induced hepatotoxicity in albino rats. Asian J Trop Biotechnol 20: 37-41. The present study investigated the hepatoprotective activity of 
aqueous extract of the polyherbal mixture (Carica papaya L., Allium sativum L., Curcuma longa L., and Azadirachta indica A.Juss.) 

against acetaminophen-induced liver damage in rats. The Wistar albino rats of either sex were divided into every five animals into six 

groups. They were given the following seven-day treatment, i.e., paracetamol 500 g/kg BW p.o. to induce hepatotoxicity; Silymarin 

(140 mg/kg BW p.o.) as a reference standard; and three doses of polyherbal extract (100 mg/kg BW p.o., 300 mg/kg BW p.o., and 500 
mg/kg BW p.o.). Blood collection by cardiac puncture was carried out after 24 h of the last administration and analyzed for various 

serum parameters (Serum Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), Total 

Bilirubin (TB), Albumin (ALB), Total Protein (TP), Triglycerides (TGL) and Total Cholesterol (TCHOL). Treatment of the aqueous 

extract of the polyherbal mixture reduced the elevated levels of AST, ALT, ALP, TB, TGL, and TCHOL. It increased ALB and TP 
levels to indicate the repair of hepatic damage and demonstrated the aqueous extract hepatoprotective activity of the polyherbal mixture. 

The aqueous extract of the polyherbal mixture at doses of 100 mg/kg BW, 300 mg/kg BW and 500 mg/kg BW have significant (p<.005) 

effects on the liver of the paracetamol-induced hepatotoxicity rat model. 
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INTRODUCTION 

Hepatotoxicity often arises from cellular necrosis 

associated with oxidative stress generated by elevated free 

radicals, which can directly cause cell membrane 

breakdown with consequent changes in metabolic pathways 
(Sahreen et al. 2011). ROS causes degenerative cellular 

alterations that impact various main organs, including the 

heart, liver, lung, and kidney (Pizzino et al. 2017). 

Furthermore, the injured liver may decrease the antioxidant 

defense system.  

Radiation (e.g., UV radiation, X-rays, etc.), 

contaminants, and endogenous metabolites produce free 

radicals in the cells. Large dosages of paracetamol, a 

frequently used analgesic and antipyretic medication, have 

been shown in humans and experimental animals to induce 

hepatotoxicity. Increased lipid peroxidation in the liver is a 

common characteristic following a hepatotoxic overdose 

drug (Begum et al. 2022). 

According to FAO 2004, more than 6.8 million tons of 

papaya (Carica papaya L.) fruits were produced worldwide 

on 389,990 hectares of papaya cultivation (Sagadevan et al. 

2019). Green papaya fruits, leaves, young shoots, and 

papaya flowers are consumed as vegetables in Asian 
nations, while ground dry papaya seeds are used as pepper 

(Papaya Australia 2017). Papaya also has various 

therapeutic benefits. Papain, a proteolytic enzyme obtained 

in milky papaya latex, has several pharmacological and 

commercial uses (Sharma et al. 2022). For example, Papain 

is used as an enzymatic debridement for necrotic tissue in 

burns, ulcers, and other wounds in US FDA-approved 

topical therapies, as well as the manufacture of vaccines 

and medications for different digestive illnesses 

(Sagadevan et al. 2019).  
Garlic (Allium sativum L.) belongs to the Alliaceae and 

is the second most extensively used Allium after onions. It 

is cultivated worldwide and utilized as a spice, additive, 

and medicinal herb (Mazengia et al. 2019; Tesfaye 2021). 

Garlic contains several sulfur compounds (allicin, diallyl 

disulfide, S-allylcysteine, and diallyl trisulfide are 

responsible for their therapeutic benefits. It is eaten raw 

(fresh leaves or dried cloves) or processed (garlic oil, garlic 

extracts, and garlic powder), with various chemical 

compositions and quantities of bioactive components. It has 

long been recognized as a popular remedy for various 

ailments and physiological disorders and a useful spice 
(Shang et al. 2019).  

The neem tree (Azadirachta indica A.Juss.) has been 

thought to have excellent health-promoting characteristics 

for generations (Rudra et al. 2019). Evidence shows that 

neem has been used to aid healing since 4,500 years ago; 

Their use originated in ancient India and neighboring 

countries, where it has long been revered as the most 

adaptable plant. Even today, the neem tree is recognized as 

the "Village Pharmacy," with all components having 

exceptional therapeutic potential.  
Curcuma longa L., commonly known as turmeric 

(Zingiberaceae), is widely recognized in herbal medicine as 
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a panacea with a broad range of pharmacological 

properties. Turmeric plant is growing in tropical and 

subtropical regions worldwide and is widely grown in 

Asian countries, mainly in China and India. Turmeric may 

grow up to 1 m tall and has a short stem. Turmeric is an 

important spice worldwide, with a long history of human 

use, especially in the East (Nasir et al. 2014). Traditional 

medicine has used this powder to treat gastrointestinal 

problems, particularly biliary and hepatic disorders, 

diabetic wounds, rheumatism, inflammation, sinusitis, 

anorexia, colitis, and coughs (Ammon et al. 2012).  
The study investigated the hepatoprotective activity of 

aqueous extract of a polyherbal mixture (C. papaya, A. 

sativum, C. longa, and A. indica) against acetaminophen-

induced liver damage in rats. 

MATERIALS AND METHODS 

Study area 
The study was conducted at the Department of 

Biochemistry, Federal University Wukari Nigeria, Taraba 

State, Nigeria, from October 2022 to January 2023.  

Sample collection and preparation 
Fresh papaya and neem leaves were collected within the 

Wukari Local Government of Taraba State, then cleaned 

and dried under shade. Garlic bulbs and turmeric rhizomes 

were bought in the Wukari market. They were brought to 

the Federal University Wukari, Biochemistry Laboratory, 

Nigeria, chopped into smaller pieces, and shade dried under 

standard laboratory conditions to prevent nutrient loss.  

Preparation of crude extracts and polyherbal 

formulation 
Exactly 125 g of each pulverized plant powder was 

mixed and soaked for 48 hours in 250 mL of distilled water 

with periodic stirring and mixing. The solution was 

subsequently filtered through the Whatman filter paper. 

After filtration, the extract was evaporated and 

concentrated using a water bath at 99°C. The yield 

percentage was 15.7%, and the extract was stored at 4°C 

until further analysis. 

Experimental animal  
Healthy male Wistar rats of about 120-150 g in weight 

were used in this study. They were purchased from the 

animal house of the College of Health Science, Benue State 

University, Nigeria, and transported to the Animal House 

of the Department of Biochemistry, Federal University 

Wukari, Nigeria. They were acclimatized for two weeks 

and weighed again before starting the experiment (Yakubu 

et al. 2014). 

Animal grouping 

 Thirty (30) Wistar albino rats were distributed into six 

groups of five rats in each group. The rats received the 

following treatment: (i) Group I: Non-paracetamol-induced 

rats (normal control). (ii) Group II: Paracetamol-induced 
rats (negative control) 500 mg kg-1 BW. (iii) Group III: 

Paracetamol-induced Nephrotoxic rats treated with 140 mg 

kg-1BW of silymarin (standard control). (iv) Group IV: 

Paracetamol-induced Nephrotoxic rats treated with 100 mg 

extract kg-1 BW. (v) Group V: Paracetamol-induced 

Nephrotoxic rats treated with 300 mg extract kg-1 BW. (vi) 

Group VI: paracetamol-induced Nephrotoxic rats treated 

with 500 mg extract kg-1 BW. 

Treatment and induction  

Nephrotoxicity was induced by oral administration of 

paracetamol (500 mg kg-1 BW). Paracetamol was dissolved 

in distilled water, and the paracetamol administration was 

continued for ten days. After three days of paracetamol 

induction, each group was given the appropriate treatments, 

namely administration of the extract of the mixture of C. 

papaya, A. indica, C. longa, and A. sativum, and standard 

drug (silymarin) carried out concomitantly with 

paracetamol induction for seven days. The rats were fasted 

for twelve (12) hours, anesthetized using chloroform, and 
sacrificed at the end of the experimental period. In 

addition, blood was collected from the heart via cardiac 

puncture using sterile syringes and needles for further 

analysis of kidney function.  

Parameters for assessing liver function  

Remi centrifuge separated serum from the clotted blood 
at 2,500 rpm for 15 min at 30°C. Serum samples were 

immediately subjected to biochemical analysis of Serum 

Aspartate Transaminase (ASP), Serum Alanine 

Transaminase (ALT), Alkaline Phosphatase (ALP) Total 

Bilirubin (TB), Total Protein (TP), Albumin (ALB), Total 

Glycerides (TGL) and Total Cholesterol (TCHOL) by a 

microplate reader (Power wave XS), using auto-analyzer 

(DT 60 Ã Chemistry Analyzer). 

Statistical analysis  
Data from the biochemical analysis were reported as 

mean ± standard error. One-way ANOVA and Dunnet's test 

performed the statistical analysis. A 95% confidence 

interval, P<0.05, and P<0.01 were considered significant. 

RESULTS AND DISCUSSION 

Effect of the extract of the polyherbal mixture 

(Curcuma longa, Carica papaya, Allium sativum, and 

Azadirachta indica) on liver function  
In the acetaminophen-treated rats, the levels of 

Aspartate Aminotransferase (AST), Alanine 

Aminotransferase (ALT), and Alkaline Phosphatase (ALP) 

increased significantly (p<0.05) compared to the normal 

control Group 1 rats in Table 1. Similarly, the levels of 

Total Bilirubin (TB) increased significantly (p<0.05) while 
that of the Total Protein (TP) and Albumin (ALB) 

decreased significantly (p<0.05) in the acetaminophen-

induced but not treated (Group 2) compared to the normal 

control Group 1 and the standard drug Group 3 as 

presented in Table 1. Furthermore, the Total Glycerides 

(TGL) and Total Cholesterol (TCHOL) were significantly 

(p<0.05) increased in the acetaminophen-induced but not 
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treated Group 2 compared to the normal control Group 1 

and the standard drug Group 3 (Figures 1 and 2). However, 

treatments with the aqueous extract of the polyherbal 

mixture lowered the elevated levels of AST, ALT, ALP, 

TB, TGL, and TCHOL and increased the levels of ALB 

and TP in Groups 4, 5 and 6 when compared with Group 2. 

Discussion 
This study investigated the hepatoprotective effect of 

mixed polyherbal aqueous extract on rats induced with 

acetaminophen. Acetaminophen-induced hepatotoxicity is 

the most commonly used screening method for testing the 

hepatoprotective properties of plant extracts. The hepatic 

damage causes increased serum levels of enzymes, such as 

Aspartate Aminotransferase (AST), Alanine 

Aminotransferase (ALT), Alkaline Phosphatase (ALP), and 

other serum parameters such as Total Bilirubin (TB), Total 

Glycerides (TGL) and Total Cholesterol (TCHOL). In 

addition, it indicates cellular damage and loss of functional 

integrity of the cell membrane of the hepatocytes (Ilukho et 

al. 2022). The hepatocytes' acetaminophen-induced damage 

was also observed in impaired protein metabolism, which 

was indicated by decreased Total Protein (TP) and 

Albumin (ALB) beyond the normal control group.  

The serum ALT, AST, and ALP levels could be used to 

determine liver function alteration by increasing levels in 

the cytoplasm of hepatocytes (Giannini et al. 2005). 

However, they are usually present in low concentrations in 

the serum under normal physiological conditions; Their 

functions are unknown and hence are called non-functional 
enzymes in the serum (Vasudevan et al. 2011). These 

enzymes leak into the bloodstream while hepatopathy and 

rupture of cell or organelle membranes occur; therefore, 

their concentrations are used to determine the damage to 

liver tissues (Ze et al. 2020).  

 
 

 

 
 

 

 
Figure 1. Effect of the administration of the polyherbal extract 

(Curcuma longa, Carica papaya, Allium sativum, and 
Azadirachta indica) on triacylglycerides levels in Wistar albino 

rats. N = 5; Result presented as mean ± standard deviation. The 

same superscripts indicate no significance level, while different 

alphabets indicate significant differences 

 
 

 
Figure 2. Effect of the administration of the polyherbal extract 

(Curcuma longa, Carica papaya, Allium sativum, and 

Azadirachta indica) on the Total Cholesterol in Wistar albino rats. 

N = 5, Result presented as mean ± standard deviation. The same 
alphabets indicate no significance level, while different alphabets 

indicate the significance level 

  

 
Table 1. Effect of polyherbal extracts (Curcuma longa, Carica papaya, Allium sativum, and Azadirachta indica) on liver function 

 

Parameter AST (U/I) ALT (U/I) ALP (U/I) TB (mg/dL) TP (mg/dL) ALB(mg/dL) 

Group 1 304.82±2.44d 222.14±34.32c 72.57±5.23a 12.11±3.75c 29.16±2.55c 43.97±3.25c 

Group 2 364.23±4.49e 339.60±7.00d 348.03±7.20f 21.48±1.56d 19.89±0.33b 34.32±7.93b 

Group 3 147.65±7.55a 134.94±6.78a 194.54±10.90c 13.95±3.94c 30.15±1.26c 45.42±0.95d 

Group 4 235.30±4.60c 152.67±2.60b 299.54±2.08e 11.62±2.01c 29.36±0.57c 43.60±0.02c 

Group 5 178.12±3.89b 156.40±7.87b 162.56±6.55b 7.84±1.32b 29.71±1.61c 44.04±0.88c 

Group 6 164.71±5.67b 237.07±6.45c 233.55±7.56d 4.46±0.55a 18.44±1.24a 24.43±1.54a 

Note: No = 5; Results are presented as mean ± standard deviation. Results with the same superscripts in the same column indicate no 

significant difference, while different superscripts indicate significant differences 
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The increased level of liver enzymes in the bloodstream 

due to the acetaminophen may be associated with 

central/submissive liver necrosis, which causes severe 

hepatic injury (Contreras-Zentella and Hernández-Muñoz 

2015). On the other hand, the increased serum ALP may be 

due to increased synthesis or cholestatic disturbance to the 

free flow of biliary tract contents due to increased biliary 

pressure (Wallace 2004). Similarly, increased enzyme 

levels in rats caused by acetaminophen have been 

previously reported by Awodele et al. (2016); it was 

attributed to the damage to the structural integrity of the 

liver from autolytic breakdown or cellular necrosis. 
However, this mixed polyherbal aqueous extract 

treatment significantly (p<0.05) lowered the concentrations 

of these enzymes as compared to the normal rats and 

standard drug (silymarin) groups. This finding is similar to 

Beerendra et al. (2012), in which a polyherbal formulation 

showed good hepatoprotective activity by lowering the 

levels of SGOT, alkaline phosphatase, bilirubin parameters, 

and lipid profiles-cholesterol, triglyceride, and LDL. 

Consequently, the hepatoprotective effect of the 

polyherbal extract may be due to the Phyto-constituents 

like polyphenols that exhibit varying antioxidant capacities 

levels (Akachi et al. 2010). Furthermore, the in vitro free 

radical scavenging activity, such as DPPH, superoxide, and 

hydroxyl radical scavengings of the polyherbal mixture of 

various components, suggest the ability of the extract to 

reduce biological oxidative stress (Madhukiran and Ganga 

2011). Hence, the hepatoprotective effect of the extract 

may be affected by its scavenging free radical activity 
(Ravikumar and Gnanadesiga 2011). 

Bilirubin was significantly increased in the Group 2 

experiment (acetaminophen-induced but not treated with 

extract); however, the high level of bilirubin was lowered 

significantly (p<0.05) in the extract-treated rats (Groups 4, 

5 and 6) compared to Group 2 (acetaminophen-induced but 

not treated). Meanwhile, the bilirubin reduction in Group 4 

experiment was comparable with the Groups 1 and 3 

experiments that served as normal and standard drug 

groups respectively while that of Groups 5 and 6 were 

lower compared to Groups 1 and 3 experiments. Bilirubin 

is the conventional indicator of liver diseases (Achliya et 

al. 2004). The bilirubin reduction concentration close to 

normal in the extract-treated groups may be due to the 

inhibitory effects on cytochrome P450 or/and the 

promotion of its glucuronidation (Cavin et al. 2001). On 

the other hand, it showed that the administration of 
acetaminophen decreased Total Protein and Albumin levels 

and increased Total Cholesterol and triglycerides. 

However, these parameters (total protein, Albumin, Total 

Cholesterol and triglycerides) were maintained close to 

normal levels in the extract-treated animals (Groups 4, 5 

and 6). Therefore, the aqueous extract of polyherbal 

treatment indicates inhibitory activity against the adverse 

effect of acetaminophen. It may result from interfering with 

cytochrome P450, so the formation of hepatotoxic free 

radicals could be inhibited. The site-specific oxidative 

damage in some susceptible amino acids of proteins is now 

regarded as the primary cause of metabolic dysfunction 

during pathogenesis which alters the concentration of 

metabolic products (Bhattacharyya et al. 2014). The 

normalization of protein, cholesterol, and triglyceride 

levels in the acetaminophen-induced rats, followed by 

extract-treated rats, confirms the hepatoprotective effect of 

the plant extract. 

A previous study showed that various parts of the plants 

(C. papaya, A. sativum, C. longa, and A. indica) used in the 

herbal mixture have potent antioxidant and 

hepatoprotective properties against paracetamol-induced 

rats (Chattopadhyay 2003; Somanawat et al. 2013; 

Awodele et al. 2016; Ghobadi et al. 2019). The findings in 

this study showed the hepatoprotective effect of these plant 
extracts, which was observed from the liver enzyme levels 

approaching normal after plat extract treatment. 

In conclusion, the polyherbal used in this study has 

ameliorative potency against hepatotoxicity-induced rats; 

therefore, the herbal mixture extract can manage hepatic 

disorders. The exact mechanism of the hepatoprotection 

and antioxidation of the polyherbal should be investigated 

further. 

ACKNOWLEDGEMENTS 

Michael Sunday Abu designed and supervised the 

work, assisted in the lab work, prepared the manuscript, 

and provided technical support; Rukaiyat Lawal Mashi 

carried out data analysis and interpretation; Jamila Yahaya 

Lawal carried out manuscript proofreading and editing; and 

Oyebisi Sunday Samuel funded the study and carried out 

the lab work. 

REFERENCES 

Achliya GS, Wadodkar SG, Dorle AK. 2004. Evaluation of 

hepatoprotective effect of Amalkadi Ghrita against carbon 

tetrachloride-induced hepatic damage in rats. J Ethnopharmacol 90 

(2-3): 229-32. DOI: 10.1016/j.jep.2003.09.037. 

Akachi T, Shiina Y, Ohishi Y, Kawaguchi T, Kawagishi H, Morita T, 

Mori M, Sugiyama K. 2010. Hepatoprotective effects of flavonoids 

from shekwasha (Citrus depressa) against D-galactosamine-induced 

liver injury in rats. J Nutr Sci Vitaminol 56 (1): 60-7. DOI: 

10.3177/jnsv.56.60. 

Ammon HP, Anazodo MI, Safayhi H, Dhawan BN, Srimal RC. 2012. 

Curcumin: A potent inhibitor of leukotriene B4 formation in rat 

peritoneal polymorph nuclear neutrophils (PMNL). Planta Med 58: 

226. DOI: 10.1055/s-2006-961438. 

Awodele O, Yemitan O, Ise PU, Ikumawoyi VO. 2016. Modulatory 

potentials of aqueous leaf and unripe fruit extracts of Carica papaya 

Linn. (Caricaceae) against carbon tetrachloride and acetaminophen-

induced hepatotoxicity in rats. J Intercult Ethnopharmacol 5 (1): 27-

35. DOI: 10.5455/jice.20160124113528.  

Beerendra KS, Dayanandan M, Sunil KM. 2012. Scientific validation of 

polyherbal hepatoprotective formulation against paracetamol induced 

toxicity. Asian Pac J Trop Biomed 2 (3). DOI: 10.1016/S2221-

1691(12)60488-2. 

Begum R, Papia SA, Begum MM, Wang H, Karim R, Sultana R, Das PR, 

Begum T, Islam MR, Manwar N, Sohanur Rahman MS. 2022. 

Evaluation of hepatoprotective potential of polyherbal preparations in 

CCl4-induced hepatotoxicity in mice. Adv Pharmacol Pharm Sci 

2022: 3169500. DOI: 10.1155/2022/3169500. 

 Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE. 2014. Oxidative 

stress: an essential factor in the pathogenesis of gastrointestinal 

mucosal diseases. Physiol Rev 94 (2): 329-54. DOI: 

10.1152/physrev.00040.2012. 

https://doi.org/10.1155/2022/3169500


ABU et al. – Effects of aqueous extract of polyherbal 

 

41 

Cavin C, Mace K, Offord EA, Schilter B. 2001. Protective effects of 

coffee diterpenes against aflatoxin B1-induced genotoxicity: 

mechanisms in rat and human cells. Food Chem Toxicol 39 (6): 549-

56. DOI: 10.1016/s0278-6915(00)00168-x. 

Chattopadhyay RR. 2003. Possible mechanism of hepatoprotective 

activity of Azadirachta indica leaf extract: part II. J Ethnopharmacol 

89 (2-3): 217-9. DOI: 10.1016/j.jep.2003.08.006. 

Contreras-Zentella ML, Hernández-Muñoz R. 2015. Is liver enzyme 

release really associated with cell necrosis induced by oxidant stress? 

Oxid Med Cell Longev 2016: 3529149. DOI: 10.1155/2016/3529149.  

Ghobadi S, Dastan D, Soleimani M, Nili-Ahmadabadi A. 2019. 

Hepatoprotective potential and antioxidant activity of Allium 

tripedale in acetaminophen-induced oxidative damage. Res Pharm Sci 

14 (6): 488-495. DOI: 10.4103/1735-5362.272535. 

Giannini EG, Testa R, Savarino V. 2005. Liver enzyme alteration: A 

guide for clinicians. CMAJ 172 (3): 367-79. DOI: 

10.1503/cmaj.1040752.  

Ilukho FA, Fasipe OJ, Aigbe FR. 2022. 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 8 (6): FSO801. DOI: 

10.2144/fsoa-2021-0119. 

 Madhu KP, Ganga RB. 2011. In vitro evaluation for free radical 

scavenging activity of methanolic leaf extract of Cyathea gigantea 

(Wall. Ex Hook.). Intl J Pharm Res Dev 3 (2): 95-96. 

Mazengia E, Beyene T, Tsegay BA. 2019. Short Communication: 

Diversity of medicinal plants used to treat human ailments in rural 

Bahir Dar, Ethiopia. Asian J For 3: 75-82. DOI: 

10.13057/asianjfor/r030205. 

Nasir H, Sahinfard N, Rafieian M, Rafieian S, Shirzad M, Rafieian-kopaei 

M. 2014. Turmeric: A spice with multifunctional medicinal 

properties. J Herb Med Pharmacol 3 (1): 5-8.  

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci V, 

Squadrito F, Altavilla D, Bitto A. 2017. Oxidative stress: harms and 

benefits for human health. Oxid Med Cell Longev 2017: 8416763. 

DOI: 10.1155/2017/8416763. 

Ravikumar S, Gnanadesigan M. 2011. Hepatoprotective and antioxidant 

activity of a mangrove plant Lumnitzera racemosa. Asian Pac J Trop 

Biomed 1 (5): 348-52. DOI: 10.1016/S2221-1691(11)60078-6. 

Rudra PG, Gangawane K, Sucheta GG. 2019. Neem the wonder herb: A 

short review. Intl J Trend Sci Res Dev 3 (3): 962-967. DOI: 

10.31142/ijtsrd23038. 

Sagadevan P, Selvakumar S, Raghunath M et al. 2019. Medicinal 

properties of Carica papaya Linn: review. Madridge J Nov Drug Res 

3 (1): 120-125. DOI: 10.18689/mjndr-1000118. 

Sahreen S. Khan MR, Khan RA. 2011. Hepatoprotective effects of 

methanol extract of Carissa opaca leaves on CCl4-induced damage in 

rat. BMC Complement Altern Med 11: 48. DOI: 10.1186/1472-6882-

11-48. 

Shang A, Cao SY, Xu XY, Gan RY, Tang RY, Corke H, Mavumengwana 

V, Li HB. 2019. Bioactive Compounds and biological functions of 

garlic (Allium sativum L.). Foods 8 (7): 246. DOI: 

10.3390/foods8070246. 

Sharma A, Sharma, R Sharma M, Kumar M, Barbhai MD, Lorenzo JM, 

Sharma S, Mekhemar M. 2022. Carica papaya L. leaves: Deciphering 

its antioxidant bioactives, biological activities, innovative products, 

and safety aspects. Oxid Med Cell Longev 2022: 2451733. DOI: 

10.1155/2022/2451733. 

Somanawat K, Thong-Ngam D, Klaikeaw N. 2013. Curcumin attenuated 

paracetamol overdose induced hepatitis. World J Gastroenterol 19 

(12): 1962-7. DOI: 10.3748/wjg.v19.i12.1962. 

Tesfaye A. 2021. Revealing the therapeutic uses of garlic (Allium sativum) 

and its potential for drug. Discov Sci World J 30: 8817288. DOI: 

10.1155/2021/8817288. 

Vasudevan DM, Sreekumar S, Kanan V. 2011. Biochemistry for Medical 

Students. 6th Edition. Jaypee Brothers Medical Publishers Limited, 

Trivandrum. 

Wallace JL. 2004. Acetaminophen hepatotoxicity: NO to the rescue. Br J 

Pharmacol 143 (1): 1-2. DOI: 10.1038/sj.bjp.0705781. 

Yakubu OE, Nwodo OFC, Joshua PE, Ugwu MN, Odu AD,Okwo F. 

2014. Fractionation and determination of total antioxidant capacity, 

total phenolic and total flavonoids contents of aqueous, ethanol and n-

hexane extracts of Vitex doniana leaves. Afr J Biotechnol 13: 693-

698. DOI: 10.5897/AJB2013.13225. 

Ze C, Ruifeng T, Zhigang S, Jingjing C, Hongliang L. 2020. Role of 

oxidative stress in the pathogenesis of nonalcoholic fatty liver disease. 

Free Radic Biol Med 152: 116-141. DOI: 

10.1016/j.freeradbiomed.2020.02.025. 

 


