


Hepatoprotective Potential of Methanol Extract of Allium Cepa against Paracetamol-Induced Hepatotoxicity in Wistar Rats

[bookmark: _GoBack]Abstract
Paracetamol overdose is a primary cause of drug-induced hepatotoxicity, mediated through oxidative stress pathways. This study determined the protective efficacy of Allium cepa methanolic extract against paracetamol-induced liver damage. Methanol extract yield of Allium cepa and phytochemical screening was carried out using standard methods. Thirty six (36) adult male albino rats comprising of six(6) normal and thirty(30) hepatotoxic rats were used for this study. Toxicity was induced using  paracetamol (500 mg/kg ) orally. Treatment with the extract and observation was done for 21 days. Experimental rats were divided into six groups: normal control, paracetamol control (500 mg/kg), and four treatment groups receiving paracetamol plus Allium cepa extract (50, 100, 150, and 200 ml/kg). Liver functions were determined through liver biomarkers (ALT, AST, ALP, bilirubin, proteins, albumin and globulin), oxidative stress parameters (MDA, GSH, CAT, SOD), and histopathological examination. The percentage yield of the methanol extract of  Allium cepa was found to be 36%w/w. Phytochemicals screening recorded appreciable amount of saponin, alkaloid, flavonoids cardiac glycosides etc. Paracetamol administration caused significant elevation of ALT (53.00 ± 2.45 IU/L) and AST (33.20 ± 2.59 IU/L) compared to normal controls. Co-treatment with Allium cepa extract demonstrated dose-dependent protection, with the 200 ml/kg dose normalizing ALT (26.60 ± 1.52 IU/L) and AST (22.00 ± 2.12 IU/L). The extract significantly reduced oxidative stress by lowering MDA and elevating GSH, CAT, and SOD activities. Histopathological analysis confirmed preserved liver tissue architecture in extract treated groups. The results indicate that A. cepa extract may have provided significant protection against paracetamol-induced hepatotoxicity through antioxidant mechanisms and functional preservation, supporting its potential therapeutic application.
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INTRODUCTION
The liver is a vital organ that functions as a center for metabolism of nutrients and excretion of waste metabolites. The liver handles the metabolism and excretion of drugs from the body thereby providing protection against foreign substances by detoxifying and eliminating them (Vaja  et al., 2020). Given the liver’s strategic functions in the body, they are continuously and variedly exposed to xenobiotics, environmental pollutants and chemotherapeutic agents (Zhang et al., 2022). Paracetamol poisoning, also known as acetaminophen poisoning, is caused by excessive use of the medication. Paracetamol poisoning can occur accidentally or as an attempt to end one's life. Risk factors for toxicity include alcoholism, malnutrition, and the taking of certain other medications. Liver damage results not from paracetamol itself, but from one of its metabolites, N-acetyl-p-benzoquinone imine (NAPQI). NAPQI decreases the liver's glutathione and directly damages cells in the liver. Diagnosis is based on the blood level of paracetamol at specific times after the medication was taken.
Hepatic injury and subsequent hepatic failure due to both intentional and unintentional overdose of acetaminophen (APAP) has affected patients for decades and involves the cornerstone metabolic pathways which take place in the microsomes within hepatocytes. APAP hepatotoxicity remains a global issue and adverse patient outcomes with increased morbidity and mortality continue to occur (Impey et al., 2020). While paracetamol is described as relatively nontoxic when administered in therapeutic doses, it is known to cause toxicity when taken in a single or repeated high dose, or after chronic ingestion. Repeated supratherapeutic misuse, non-intentional misuse, and intentional ingestion may all result in hepatic toxicity (Rotundo & Pyrsopoulos, 2020).
In Nigeria, a high proportion of the rural and urban population resort to natural food ingredients, particularly because of their availability and low cost. Allium cepa is  one of natural food ingredients and a large group of natural ingredients which include dried seeds, fruits, roots, rhizomes, barks, leaves, flowers and any other vegetative substances used in a very small quantity as an additive to colour, flavour or preserve food. Allium cepa is rich in proteins, potassium and phosphorus. Traditionally, A. cepa has been used to treat intestinal diseases (Shaik et al., 2012). It  has been reported to be an antibacterial, antiviral ,antiparasitic, antifungal, and has antihypertensive, hypoglycemic,  antithrombotic, anti-hyperlipidemic, anti-inflammatory and antioxidant activity (Eyo et al., 2011) and contains a variety of secondary metabolites.
In Nigeria, paracetamol is a ubiquitous first-line remedy for fever and pain, largely due to its affordability and accessibility. However, this prevalence is a double-edged sword, as it fuels a significant risk of self-medication and accidental overdose, leading to severe and often fatal liver damage (hepatotoxicity). The standard antidote, N-acetylcysteine, remains inaccessible and unaffordable for many in rural and underserved communities, creating a critical therapeutic gap. This urgent public health concern necessitates the exploration of affordable and readily available alternatives. This study seeks to systematically investigate the potential of Allium cepa as a natural, cost-effective hepatoprotective agent, that can offer a potential local sourced solution to paracetamol-induced hepatotoxicity a pervasive health issue.
MATERIALS AND METHODS
[bookmark: _heading=h.qqi3fiv8xczz]Plant Materials
The Allium cepa used for the study was bought from Douglas Market Owerri, Imo State, Nigeria. The plants were identified (Gbile, 1980) to species level at the Herbarium unit, Department of plant  science and Biotechnology, University of Nigeria, Nsukka. The voucher number of the plant was 49040.
[bookmark: _heading=h.yck9ftetuddv][bookmark: _heading=h.sjwsxdjo2ir0][bookmark: _heading=h.a2hekf9l5b1s]Extraction of Allium cepa (white onions)
Fresh healthy Allium cepa (White onions) bulbs were washed, cut into small pieces and homogenized in a waring blender. The resulting mixture was soaked in 2 L of 80% methanol. The mixture was allowed to stand for 24 hours with intermittent shaking. Following filtration, the filtrate obtained was concentrated to dryness at 40oC using a rotary evaporator under reduced pressure. The dried extracts were weighed and stored in a refrigerator and the filtrate was used for phytochemical analysis.			
[bookmark: _heading=h.hdkfn2s8zjzs]Determination of extract yield
The percentage yield of extract of Allium cepa was calculated by weighing the crushed onion bulb before extraction and after concentration of the extract. It was calculated using the formula
below: 550g of A. cepa was soaked in 1,700mL of methanol for 72 hours, after which it was filtered, and the residue was soaked in 1000 mL of methanol.
Quantitative Phytochemical Screening	
[bookmark: _heading=h.84zsvsmg0gem][bookmark: _heading=h.5yyhq9qgnk24]Saponin content was determined by the method of Harbone (1973) as reported by Obadoni and Ochuko (2001). Flavonoid content was determined by the methods described by Boham and Kocipai (1994). Alkaloid content was determined by the method of Harbone (1973). Tannin Determination by Follins dennis Titration method as described by Pearson (1976) 
Cyanogenic glycosides and Oxalate content were determined by the alkaline titration method of the AOAC (1990).
Experimental design for animal studies
Grouping of rats for animal studies
Animals
The animals used for this study were 36 Albino Wistar rats weighing 87- 100g. They were obtained from the Animal House of the Faculty of Biological Sciences,  Michael Okpara University of Agriculture Umudike, Abia State, Nigeria. The animals were fed standard animal feed with 18% crude protein (Guinea feed) commercial feed and allowed to acclimatize for two weeks under standard photoperiodic condition in a clean rat cage with six rats per cage in the research animal house of Department of Biochemistry, Federal University of Technology, Owerri. All animals were maintained under laboratory conditions for temperature (26±2 oC), humidity (50 ± 5%) and light (12 hour day length) and were allowed free access to food and water. The rats received professional humane care according to the guidelines of ethical animal handling (NIH, 1985) and the study was approved by the Department of Biochemistry ethical committee with reference number: FUTO/SOBS/BCH/2020/A148. The drugs (Paracetamol) used for this study were purchased from Elofex Pharmaceutical Shop in Owerri, Imo State. Normal saline was prepared by dissolving 0.9g of sodium chloride in 50 mL of water and the volume was made up to 100 mL of water. 
Administration of Extracts 
They were randomly divided into six groups containing six rats per group based on the similarity of their weight.
Thirty six Wistar Albino rats were divided into six groups (Table 1) of six animals per group according to their body weights. The extract was dissolved in normal saline according to their specified weight doses and the experimental groups were administered orally increasing doses of 50, 100, 150 and 200mg/kg body weight respectively of the extract, daily for 14days. The control group received normal saline only and the positive control group received 500 mg/kg of paracetamol only. All administration was performed via oral gavage once daily for two weeks and the animals were observed for one week before the termination of the experiment. At the end of the experiment, all animals were were fasted overnight, mildly anaesthetized and blood samples collected by cardiac puncture. The animals were sacrificed, and the liver samples were harvested for histopathological evaluation. The samples were used for the assay of biochemical parameters.
[bookmark: _heading=h.o40tg57aatf][bookmark: _Hlk210800393]Table 1.     Experimental design
	Group 
	Group tag
	No of rats
	Treatment 

	A
	Control
	6
	Normal Saline

	B
	Positive control
	6
	500 mg/kg paracetamol

	C
	Experimental 
	6
	500 mg/kg paracetamol + 50 mg/kg extract

	D
	Experimental 
	6
	500 mg/kg paracetamol + 100 mg/kg extract

	E
	Experimental 
	6
	500 mg/kg paracetamol + 150 mg/kg extract

	F
	Experimental 
	6
	500 mg/kg paracetamol + 200 mg/kg  extract


[bookmark: _heading=h.pqwghz4gsgvj] 
[bookmark: _heading=h.ft66zrvt9dxq]Evaluation of oxidative stress parameters
Malondialdehyde (MDA) was determined by the method of Gutteridge and Wilkins. (1982). Reduced glutathione was determined by the method of Beutler et al. (1963). Catalase activity was assayed by the method  of Sinha. (1972). The method of Misra and Fredovich. (1972) was used to assay SOD activity. 
Determination of Liver parameters
Serum Aspartate aminotransferase and Alanine aminotransferase were determined by colorimetric method of Reitman and Frank (1957). Alkaline phosphatase activity in serum was determined by the method of King and King (1954).  Assay of aspartate aminotransferase activity: The assay method employed was that of Reitman & Frankel, (1957). Assay of serum alanine aminotransferase (ALT) activity employed the method of Reitman & Frankel (1957).  Total serum bilirubin was determined following the method of Mallory and Evelyn (1937). Total protein was determined colorimetrically as described by Tietz. (1995) and  the method of Doumas et al. (1971) was used to determine albumin concentration. Globulin concentration was determined by subtracting albumin concentration from the total protein. Serum total and direct bilirubin was determined by the methods as described by Jendrassik and Grof (1938).
[bookmark: _heading=h.26yvzkj4awqb]Preparation of tissue samples
Histological study was carried out with the liver samples from different groups of animals. The method described by Okoro (2002) was used with minor modifications.

Data Analysis	
 Data obtained from the analysis were expressed as mean + standard deviation. The data were analyzed  using the one way Analysis of Variance(ANOVA) and Tukey post-hoc test with the aid of Graph Pad prism Version 5.3 (Graph Pad, USA). Values for p<0.05 were considered statistically significant. The resulting outputs were presented in tables and graphs.
[bookmark: _heading=h.klucf5goq2t]Results
Percentage Yield of Extract
The percentage yield of the  methanol extract of A. cepa  is presented in Table 2. The  methanol extract of  550 g A. cepa  produced 176.05 g of extract, corresponding to a percentage yield of 32%, indicating a substantial recovery of bioactive compounds from A. cepa. 
[bookmark: _heading=h.r6uyctpfnyfe][bookmark: _Hlk210800439]
Table 2: Percentage Yield of Extract
	Bulb (g)
	Yield after extraction (g)
	%yield 

	550
	176.05
	32



Results of the phytochemical analysis of A. cepa
The  results of the phytochemical analysis of methanol extract of A. cepa (Table 3) reveal the presence of abundant active biological components which in this study may have contributed to the ameliorative effect of the extract in the animals exposed to paracetamol toxicity. The phytochemical studies presented flavonoids as the most abundant constituent, accounting for 35.44 ± 2.88%, followed by saponins at 24.84 ± 3.21 %. Tannin level was 17.06 ± 2.11% while oxalate (5.12 ± 0.84%) and alkaloids 4.32 ± 0.12%) were detected in moderate amounts. Cyanogenic glycosides were the least abundant, which present 1.82 ± 0.64%. 
[bookmark: _Hlk210800466]Table 3: Phytochemical composition of A. cepa
	Phytochemical
	Composition (% SD)

	Saponin
	24.84 ± 3.21

	Flavonoids
	35.44 ± 2.88

	Tannins
	17.06 ± 2.11

	Alkaloids
	4.32 ± 0.12

	Oxalates
	5.12 ± 0.84

	Cyanogenic glycosides
	1.82 ± 0.64


Mean of triplicate determinations ± standard deviation
Results of Oxidative Stress Parameters.
The results of oxidative stress parameters (Figures 1 to 4) show that paracetamol intoxication (Positive Control)  induced a significant state of oxidative stress, marked by a significant elevation in the lipid peroxidation marker malondialdehyde (MDA) to 1.85 ± 0.04 µmol/ml (Figure 1), compared to 1.42 ± 0.02 µmol/ml in the Normal Control (Group A). This was accompanied by a significant depletion of the antioxidant defense system, with glutathione (GSH) (Figure 2) concentration falling to 17.52 ± 0.36 mg/dl from 31.47 ± 0.66 mg/dl, and the activities of the enzymes catalase (CAT) (Figure 3) and superoxide dismutase (SOD) (Figure 4) being suppressed to 24.55 ± 0.38 U/L and 14.14 ± 0.30 U/L, respectively.
Administration of the A. cepa extract alongside paracetamol elicited a clear, dose-dependent restorative effect on these oxidative parameters. The lower doses of 50 and 100 ml/kg provided a partial mitigation, with the 100 ml/kg dose showing a significant (p<0.05) improvement in GSH (19.57 ± 0.40 mg/dl) and a reduction in MDA (1.70 ± 0.05 µmol/ml) compared to the Positive Control. The most potent antioxidant activity was observed at the highest doses of 150 and 200 ml/kg. A significant output was recorded in the 200 mL/kg extract treatment which completely reversed the oxidative damage, restoring MDA levels to that of the Normal Control (1.43 ± 0.02 µmol/mL) and elevating the key antioxidants GSH (31.08 ± 1.02 mg/dl), CAT (35.08 ± 0.16 U/L), and SOD (19.06 ± 0.43 U/L) to levels that were either equivalent to or even surpassed the normal control group which was the baseline. This indicates a powerful, dose-dependent hepatoprotective efficacy of A. cepa extract against paracetamol-induced oxidative stress.




[bookmark: _Hlk210800527]Figure 1. Malondialdehyde (MDA) concentration of Rats treated with different doses of methanol extract of A. cepa. Values are mean ± standard deviation. Values bearing different superscript letters are statistically significant (p<0.05).


[bookmark: _Hlk210800542]Figure 2. Glutathione concentration of Rats treated with different doses of methanol extract of A. cepa. Values are mean ± standard deviation. Values bearing different superscript letters are statistically significant (p<0.05).


[bookmark: _Hlk210800591]Figure 3. Catalase activity of Rats treated with different doses of methanol extract of A. cepa. Values are mean ± standard deviation. Values bearing different superscript letters are statistically significant (p<0.05).



[bookmark: _Hlk210800610]Figure 4. Superoxide dismutase (SOD) concentration of Rats treated with different doses of methanol extract of A. cepa. Bars are mean ± standard deviation. Values bearing different superscript letters are statistically significant (p<0.05).

Results of Liver Function Parameters
The results of liver function parameters are presented in Table 3. Rats in group administered 500 mg/kg paracetamol (Positive Control) demonstrated significant hepatic injury, as shown by the significant elevations in the activities of serum liver enzymes including aspartate aminotransferase (AST, 33.20 ± 2.59 IU/L), alanine aminotransferase (ALT, 53.00 ± 2.45 IU/L), and alkaline phosphatase (ALP, 300.20 ± 7.53 IU/L) compared to the Normal Control group (AST: 22.00 ± 1.87 IU/L, ALT: 25.20 ± 2.17 IU/L, ALP: 129.00 ± 2.24 IU/L).
Furthermore, treatment with the A. cepa extract expressed a dose-dependent hepatoprotective effect. In the 50 mL/kg dose group a moderate reduction in all three enzyme activities were recorded. A significant protective effect was observed at the 100 ml/kg and 150 ml/kg doses groups, which normalized AST activities and significantly lowered ALT and ALP. The most effective restoration of liver function was achieved with the 200 ml/kg extract dose, which returned serum activities of AST (22.00 ± 2.12 IU/L), ALT (26.60 ± 1.52 IU/L), and ALP (131.60 ± 3.05 IU/L) to values that were statistically indistinguishable from those of the Normal Control group.
Results of bilirubin and serum protein of rats exposed to paracetamol and treated with extracts of A. cepa presents that the administration of 500 mg/kg paracetamol (Positive Control) resulted in significant hepatic dysfunction, evidenced by a substantial increase in total bilirubin (1.16 ± 0.05 mg/dl) and a decrease in total protein (52.22 ± 0.46 g/l) compared to the Normal Control (0.12 ± 0.04 mg/dl and 63.46 ± 1.05 g/l, respectively). This was accompanied by an increase in globulin (35.23 ± 0.67 g/l), leading to a sharp reduction in the albumin/globulin ratio (0.42 ± 0.12).
Groups treated with extracts of A. cepa recorded a dose-dependent improvement in these parameters. Bilirubin concentrations decreased progressively with increasing extract doses, approaching near-normal values at 200 ml/kg (0.18 ± 0.04 mg/dl). Total protein and globulin concentrations demonstrated a dose-dependent recovery, with the 200 ml/kg dose restoring them to levels comparable to the Normal Control group. All groups treated with A. cepa extract doses restored the albumin/globulin ratio to values exceeding 1.0, demonstrating a normalization of the synthetic protein profile, with the ratio at the 200 ml/kg dose being 1.17 ± 0.02.





[bookmark: _Hlk210800753]Table 3: The results of liver function parameters of rats exposed to paracetamol (PCM) and treated with extracts of A. cepa.
	Groups
	AST (IU/L)
	ALT (IU/L)
	ALP (IU/L)
	Total Bilirubin (mg/dl)
	Total Protein (g/l)
	Albumin (g/l)
	Globulin (g/l)
	Albumin / Globulin

	Normal Control
	22.00 ± 1.87a
	25.20 ± 2.17a
	129.00 ± 2.24a
	0.12 ± 0.04ᵃ
	63.46 ± 1.05ᵈ
	36.34 ± 1.87ᵈ
	27.12 ± 2.59b
	1.35 ± 0.18c

	Positive Control (500 mg/kg PCM)
	33.20 ± 2.59c
	53.00 ± 2.45d
	300.20 ± 7.53d
	1.16 ± 0.05ᵉ
	50.02 ± 0.46ᵃ
	14.79 ± 1.04a
	35.23 ± 0.67c
	0.42 ± 0.12a

	500 mg/kg PCM + 50 ml/kg extract
	27.80 ± 0.84b
	36.20 ± 2.39c
	150.60 ± 5.46c
	0.48 ± 0.04ᵈ
	54.20 ± 0.57ᵇ
	33.84 ± 0.48ᵇᶜ
	20.36 ± 0.69a
	1.66 ± 0.07ᶜᵈ

	500 mg/kg PCM + 100 ml/kg extract
	26.60 ± 2.30b
	32.60 ± 2.30b
	138.40 ± 3.13b
	0.36 ± 0.09ᶜ
	53.92 ± 0.50ᵇ
	32.48 ± 1.30ᵇ
	21.44 ± 1.75a
	1.53 ± 0.20ᶜ

	500 mg/kg PCM + 150 ml/kg extract
	26.40 ± 2.97b
	34.00 ± 1.58c
	142.60 ± 2.30b
	0.24 ± 0.05ᵇ
	55.66 ± 1.02ᶜ
	34.36 ± 0.89ᶜ
	21.30 ± 1.27a
	1.62 ± 0.12ᶜᵈ

	500 mg/kg PCM + 200 ml/kg extract
	22.00 ± 2.12b
	26.60 ± 1.52a
	131.60 ± 3.05a
	0.18 ± 0.04ᵇ
	63.02 ± 0.59ᵈ
	33.98 ± 0.13ᵇ
	29.04 ± 0.54b
	1.17 ± 0.02b


Values are expressed as mean ± standard deviation of triplicate determinations. Columns with different superscript letters indicate statistically significant differences at p < 0.05

Histopathological results
The histological examination of liver sections under a light microscope basically supported the biochemical results. Liver sections from the normal control rats showed normal appearance of hepatic architecture, normal central vein, normal hepatocytes arranged in plates radiating outwards from the central vein, normal hepatic sinusoid and portal triad intact (Plate 1). Liver section of paracetamol control rats showed occlusion of the portal vein or portal triad, cloudy swelling of fat droplets, very severely degenerated hepatocytes, very severely congested sinusoids and damaged central vein (Plate 2). Liver section of rats treated with   methanolic extracts of A. cepa at 50 mL/kg showed distorted hepatic architecture, occlusion of the portal vein or portal triad, severely congested central vein, moderately degenerated hepatocytes and  severely congested sinusoid (Plate 3). Liver section of rats treated with 100 ml/kg of the extract showed distorted hepatic architecture, severely congested central vein, moderately degenerated hepatocytes and severely congested sinusoid (Plate 4). Liver section of rats treated with 150mL/kg of A. cepa extract showed distorted hepatic architecture, mild congested central vein, normal hepatocytes arranged in plates radiating outwards from the central vein, portal triad is also intact. Moderately degenerated hepatocytes and moderately congested sinusoid (Plate 5). Furthermore, at 200 ml/kg it showed normal hepatic architecture, moderately congested central vein,  normal hepatocytes arranged in plates radiating outwards from the central vein, portal triad is also intact  (Plate 6). 

[image: ]
[bookmark: _Hlk210801200][bookmark: _heading=h.tfozauwrbivy]Plate 1: Histopathology of liver of rats in normal group showing no distortion.(x400) stain H and E. Light micrographs of hematoxylin &eosin staining of liver tissues of normal control group  showing normal appearance of hepatic architextecture normal central vein, hepatocytes, kupffer cells and normal hepatic sinusoid. (X40)
 [image: ]
[bookmark: _heading=h.73vprmt0xtly][bookmark: _Hlk210801228][bookmark: _heading=h.109hornoebzn][bookmark: _heading=h.jizq28vq1rxp]Plate 2. Histopathology of liver of Rats administered 500 mg/kg paracetamol.(x400) stain H&E. Light micrographs of hematoxylin & eosin staining of liver tissues of paracetamol treated group showing congested central vein, very severe fat droplets, very severely degenerated hepatocytes and very severely congested hepatic sinusoid. (X40)

[bookmark: _heading=h.ju9dtaz1nr1o][bookmark: _Hlk210801259][bookmark: _heading=h.33t05xoja227][image: ]Plate 3: Histopathology of liver of Rats administered 500 mg/kg paracetamol+50 mg/kg b.w of methanol extract of A. cepa(x400) stain H and E. PV= portal vein, FD=Fat droplets, H=Hepatocytes, MS= multicystic spaces within stroma
[bookmark: _heading=h.ekikivlejaxl][bookmark: _heading=h.esnuhr596iko][bookmark: _heading=h.umbkc3y6hvi7] [image: ]
[bookmark: _heading=h.cmrb1uo43b7j][bookmark: _heading=h.n2pgkx13h648][bookmark: _Hlk210801299][bookmark: _heading=h.99ogvcwdg0sk][bookmark: _heading=h.9hcm49ivgkdm]Plate 4: Histopathology of liver of Rats administered 500 mg/kg paracetamol+100 mg/kg b.w of methanol extract of A. cepa (x400) stain H and E. Light micrographs of hematoxylin & eosin staining of liver tissues of 500mg pcm +100 ml/kg A. cepa treated group showing normal central vein, moderately generated hepatocytes, kupffer cells and normal hepatic sinusoid.
[image: ]
[bookmark: _heading=h.cyytkzh40jmo][bookmark: _Hlk210801334][bookmark: _heading=h.oz3kobn7lueo]Plate 5: Histopathology of liver of Rats administered 500 mg/kg paracetamol+150 mg/kg b.w of methanol extract of A. cepa (x400) stain H and E. S=Sinusoids, H=Hepatocytes, CV= Less congested central vein.
[bookmark: _heading=h.axssk3ism7wy][bookmark: _heading=h.2woijyfmssvk]
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[bookmark: _Hlk210801373]Plate 6: Histopathology of liver of Rats administered 500 mg/kg paracetamol+200 mg/kg b.w of methanol extract of A. cepa(x400) stain H and E. S=Sinusoids, H=Hepatocytes, CV= Intact central vein.

[bookmark: _heading=h.ncbxcgfy6lf1]DISCUSSION
The present study investigated the effect of Allium cepa (white onions)  on paracetamol induced hepatotoxicity in albino rats. The extraction of Allium cepa bulbs yielded 176.05 g from 550 g of raw material, corresponding to a 32% yield. This relatively high yield indicates efficient recovery of phytoconstituents, suggesting that the chosen solvent and method were effective (González-de-Peredo et al., 2022; Nayak et al., 2024).
The result of the phytochemical screening of A. cepa presented flavonoids (35.44 ± 2.88%) and saponins (24.84 ± 3.21%) as the predominant constituents, whereas tannins, oxalates, alkaloids, and cyanogenic glycosides demonstrated lower proportions. The observation of high flavonoid content is consistent with previous studies which recorded quercetin and glycosides as the major flavonoids in onions, contributing significantly to its antioxidant, anti-inflammatory, and hepatoprotective activities (Carrillo-Martinez et al., 2024; Hanis et al., 2025). Saponins, the second most abundant class, have been linked to cholesterol-lowering, antimicrobial, and immunomodulatory properties, further supporting the therapeutic relevance of onions (Kim et al., 2022;).
The appreciable amounts of tannins (17.06 ± 2.11%) may also enhance antioxidant capacity. However, excessive tannins can also contribute to astringency and reduced protein digestibility (Zayed et al., 2025). The presence of alkaloids (4.32 ± 0.12%) and oxalates (5.12 ± 0.84%) suggests additional pharmacological and nutritional considerations; oxalates in particular may have antinutritional effects if consumed in high amounts. Cyanogenic glycosides were detected at low levels (1.82 ± 0.64%), aligning with previous findings that onions generally contain minimal amounts, thereby posing negligible toxicity risk (Marefati et al., 2021; Dorrigiv et al., 2021).
The result of this study on effect of methanol extract of Allium cepa on paracetamol induced hepatotoxicity in albino rats, showed that paracetamol (acetaminophen) overdose induced a significant state of oxidative stress. This adverse biochemical state was effectively ameliorated by the co-administration of the extract of Allium cepa in a dose-dependent manner. This observed hepatoprotective effect aligns with the established pathophysiology of paracetamol-induced liver injury, which is primarily driven by the metabolic production of the toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI), leading to glutathione (GSH) depletion and subsequent oxidative stress (McGill & Jaeschke, 2019).
The results of this study demonstrate that paracetamol (acetaminophen) overdose induced a significant state of oxidative stress, which was effectively mitigated by the co-administration of the plant extract in a dose-dependent manner. The observed hepatoprotective effect aligns with the established pathophysiology of paracetamol-induced liver injury, which is primarily driven by the metabolic production of the toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI), leading to glutathione (GSH) depletion and subsequent oxidative stress (McGill & Jaeschke, 2019).
The result recorded from the Positive Control group further confirmed the hallmarks of paracetamol toxicity. The severe depletion of hepatic GSH (17.52 ± 0.36 mg/dl) compared to the Normal Control group (31.47 ± 0.66 mg/dl) is a critical initial event that renders hepatocytes vulnerable to oxidative damage (Yan et al., 2018). The significant increase in malondialdehyde (MDA), a key marker of lipid peroxidation, in the Positive control group to 1.85 ± 0.04 µmol/ml confirms an established oxidative damage. The concomitant suppression of the antioxidant enzymes catalase (CAT) and superoxide dismutase (SOD) indicates an overwhelmed endogenous defense system, unable to scavenge the surge of reactive oxygen species (ROS) generated during paracetamol metabolism (Saito et al., 2010).
However, groups simultaneously administered the A. cepa extract presented a remarkable, dose-dependent restoration of the oxidative balance. The lower doses (50 and 100 ml/kg) provided partial protection, likely by offering supplementary antioxidant compounds that directly neutralized ROS. However, the most profound and significant ameliorative effect was recorded at the 200 ml/kg dose, which not only normalized MDA levels but also restored GSH level, CAT and SOD  activities to levels comparable to or even exceeding the normal baseline recorded for the Normal control group. This suggests that the extract's mechanism extends beyond mere antioxidant activity; it may have actively upregulated the biosynthesis of GSH and the expression of antioxidant enzymes through the activation of cytoprotective pathways like the Nrf2-Keap1 signaling cascade (Jayasuriya et al 2021; Zhou et al., 2022). The superior performance of the highest dose indicates that a critical concentration of the extract's bioactive phytochemicals such as flavonoids and phenolics may have counteracted the extensive oxidative cascade initiated by the paracetamol overdose. 
The result of the phytochemical screening showed A. cepa rich bioactive profile, showing significant composition of featuring flavonoids and flavanols (like quercetin and organosulfur compounds such as S-allyl cysteine), may have contributed to the protective effect. These compounds are known to directly scavenge free radicals, reduce lipid peroxidation, as indicated by the normalized malondialdehyde (MDA) concentrations (Yan et al., 2018; Eghbal et al., 2019; Sagar et al., 2022). Furthermore, the extract may have prevented glutathione (GSH) depletion, likely by providing sulfur-containing precursors for GSH synthesis and upregulating its biosynthesis (Brigelius-Flohé & Maiorino, 2013). Also, the restoration of catalase (CAT) and superoxide dismutase (SOD) activities further confirmed an upregulation of endogenous defenses, potentially through activation of the Nrf2-Keap1 signaling pathway by polyphenolic constituents (Tonelli et al., 2018). 
The observed elevation in activities of serum liver enzymes including aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and marked elevation in total bilirubin (1.16 ± 0.05 mg/dl)  in the paracetamol exposed group without extract treatment was an indication of hepatocellular damage, marked by hepatocyte dysfunction and jaundice. The significant elevation in activities of ALT and AST, in particular, indicates necrosis of hepatocytes, because these cytosolic enzymes are released into the bloodstream upon plasma membrane disruption (Contreras-Zentella & Hernández-Medina, 2015; McGill, 2016). The significant increase in ALP further suggests concomitant injury to the biliary tract, a known facet of paracetamol-induced hepatotoxicity (Cai et al., 2022; Liao et al., 2023). This pattern of enzyme elevation confirms the successful induction of hepatotoxicity, establishing a model for evaluating the protective efficacy of the plant extract. 
While hyperbilirubinemia arises from the inability of damaged hepatocytes to conjugate and excrete bilirubin, a direct consequence of oxidative stress and necrosis (Yan, 2018; Cai et al., 2022; Liao et al., 2023). Furthermore, the significant decrease in albumin (14.79 ± 1.04 g/l) and total protein concentrations indicates substantial impairment of the liver's synthetic capacity, due likely from ribosomal detachment and hepatocyte necrosis (McGill & Jaeschke, 2019). The liver is the primary site for the production of most plasma proteins, including albumin and the majority of globulins. Studies have shown that paracetamol-induced cytotoxicity can disrupt hepatic protein synthesis, which in severe cases may lead to hypoproteinemia due to reduced albumin and plasma protein production (Bernal & Wendon, 2013; McGill, 2016).
However, groups co-administration with Allium cepa extract presented a marked, dose-dependent attenuation of hepatic injury. This claim was supported by the record of progressive decline in AST, ALT, and ALP activities across the treatment groups (Ozougwu & Eyo, 2014). This decline indicates a possible stabilization of hepatocyte membranes and a reduction in necrotic cell death. The most profound effect was observed at the 200 ml/kg dose, which restored all three enzyme markers activities to levels significantly equivalent to the normal control. This normalization strongly suggests that the extract's phytoconstituents possess significant antioxidant and anti-inflammatory properties, which are critical in countering the pathogenesis of paracetamol overdose (Yan et al., 2018; Dorrigiv et al., 2021). The result indicates that the primary mechanism of protection may possibly be the quenching of reactive oxygen species and the neutralization of the toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI), thereby preventing the covalent binding and oxidative stress that lead to cell death (Lancaster et al., 2015; Ozougwu & Eyo, 2014).
Furthermore, A. cepa extract's ability to inhibit the rise in activities of ALP points to a protective effect on the hepatic biliary epithelium, preserving the architectural and functional integrity of the bile canaliculi. The dose-response relationship recorded leading to normalization at the highest  A. cepa extract dose, provided compelling evidence that A. cepa extract contains one or more bioactive compounds with potent hepatoprotective activity (Dorrigiv et al., 2021).
The result of this study also presented a progressive normalization of bilirubin levels across treatment groups indicating a restored hepatobiliary function. This may be attributed to the antioxidant properties of A. cepa extract (organosulfur compounds) that protect against oxidative damage to canalicular membranes (Eghbal et al., 2019). The restoration of albumin and total protein to near-normal levels at the highest extract dose (200 ml/kg) demonstrates preserved synthetic function, likely mediated through protection of rough endoplasmic reticulum integrity and enhanced protein synthesis machinery.
Also, the restoration of the albumin/globulin (A/G) ratio across the various treatment groups, particularly the complete normalization at intermediate doses, suggests that the extract's bioactive components may have facilitated the balanced recovery of both albumin synthesis and globulin production. The flavonoid constituents of Allium cepa, particularly quercetin and its derivatives, may contribute to this effect through their anti-inflammatory properties and ability to modulate protein synthesis pathways (Sagar et al., 2022). The comprehensive hepatoprotection observed underscores the therapeutic potential of Allium cepa extract in mitigating paracetamol-induced liver damage through multi-mechanistic actions on hepatic function.
The result of the histopathology presented important morphological evidence that strongly corroborates the biochemical results. The histopathology results confirmed the potent hepatic protective effects of Allium cepa extracts in groups administered concomitantly with the paracetamol.  Liver histology showed a parallel protective mechanism. Groups treated with only paracetamol showed massive hepatocellular degeneration and architectural distortions which indicate centrilobular necrosis (Chidiac et al., 2023). However, groups administered A. cepa extracts expressed a dose-response relationship in hepatoprotection, with the highest dose of 200 ml/kg showing normal hepatic architecture and intact hepatocytes. This histological preservation can be directly attributed to the extract bioactive compounds acting through multiple mechanisms (Dorrigiv et al., 2021). The anti-inflammatory properties of A. cepa extract such as flavonoid may have contributed to reducing the secondary inflammatory response that exacerbates paracetamol-induced liver injury (Kim et al., 2022). This is consistent with other studies that reported that a. cepa extract ameliorated ALT, AST, ALP and bilirubin levels in paracetamol-challenged rats (Ozougwu & Eyo, 2014)
Furthermore, the concurrent administration of A. cepa extract with paracetamol may have created a protective biochemical environment that prevented the characteristic histopathological alteration in both liver tissues. The results show a kind of preemptive protection which indicates that the extract components either competed with paracetamol for metabolic activation or rapidly neutralized the toxic metabolites as the generated, thereby inhibiting the cascade of oxidative events that more often than not lead to cellular necrosis (Bessems & Vermeulen, 2001; Athersuch et al., 2018). The progressive improvement in tissue morphology with increasing doses of the extract underscores its potential as a complementary therapeutic agent against drug-induced organ toxicity
Conclusion 
This study on the effect of methanol extract of Allium cepa (white onions)  on paracetamol induced hepatotoxicity in albino rats conclusively demonstrated that the extract A. cepa expressed the capacity to confer significant, dose-dependent protection against paracetamol-induced hepatotoxicity in rats. The co-administration of the extract effectively ameliorated the oxidative stress cascade, as evidenced by the restoration of key markers. A. cepa extract reduced lipid peroxidation (MDA), replenished hepatic glutathione (GSH) reserves, and enhanced the activities of catalase and superoxide dismutase antioxidant enzymes. 
The extract also mitigated cellular damage, leading to the normalization of liver function enzymes (ALT, AST, ALP), bilirubin, and synthetic proteins (albumin, total protein), and improved. While the histopathological examination of liver issues provided definitive structural validation, showing a marked reduction in necrosis, vacuolization, and architectural distortion, with preservation of normal cellular morphology at the highest extract dose. Therefore, Allium cepa extract presents potent natural adjuvant therapy worthy of further investigation for the prevention of drug-induced organ damage.
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