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INVESTIGATING THE PROTECTIVE EFFECTS OF ASCORBIC ACID AGAINST PARACETAMOL-
INDUCED LIVER TOXICITY IN WISTAR RATS 

 
 
Abstract 

Paracetamol (acetaminophen) is one of the most widely used analgesics and antipyretics but can 
cause severe liver damage at high doses. This study explores the potential protective effects of 
ascorbic acid (vitamin C) against paracetamol-induced hepatotoxicity in Wistar rats. For this 
experimental study, 25 mature male Wistar rats, weighing 140–180g, were placed into five 
groups. A total of twenty-five Wistar rats were divided into five groups: Group 1 stands for the 
Normal Control. For 21 days, group 2 was given 25 mg of PCM, whereas group 3 was given 500 
mg of ascorbic acid.Additionally, rats in groups 4 and 5 received 500 mg and 1000 mg of 
ascorbic acid after PCM was administered.Following PCM and Ascorbic acid treatment, 
biochemical parameters and histoarchitectural studies were examined.Histopathological 
examination of liver tissue was performed to evaluate cellular architecture and damage. Results 
indicated that pre-treatment with ascorbic acid significantly mitigated the elevation of liver 
enzymes and histopathological changes compared to the paracetamol-only group. Post-treatment 
with ascorbic acid also offered partial protective effects, suggesting that ascorbic acid has a 
potential role in hepatoprotection against paracetamol toxicity. This study highlights the 
importance of ascorbic acid as a potential therapeutic agent in mitigating liver damage, 
warranting further investigation into its mechanisms of action. 
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1.0.Introduction 

Paracetamol is an effective, widely used, and easily available ache and fever reliever. However, 
excessive paracetamol dosages can result in hepatotoxicity, which is among the most typical 
causes of drug-induced liver failure1. Data from the Paracetamol KwaZulu-Natal Poison Control 
Centre indicate that paracetamol exposure in KwaZulu-Natal is a growing problem. Exposure to 
paracetamol could be due to overdoses or due to the continued use of conventional paracetamol 
therapy regimens at therapeutic doses. Overdose can follow a single very large dose or the 
regular use of a few large doses over time2, 3. Problems occur when the level of paracetamol in 
the body becomes excessive. Most of the paracetamol is broken down by the liver and excreted 
in the urine4, 5, 6. Harmful substances are produced when the liver breaks down paracetamol, and 
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these do not usually cause any harm. However, the liver's ability to break them down can 
become overloaded, leading to the rapid buildup of harmful substances 7. 

Despite its widespread therapeutic applications, paracetamol or acetaminophen (N-acetyl-p-
aminophenol) is of the main factors contributing to abrupt liver failure in the world. Paracetamol 
may cause hepatotoxicity at therapeutic doses in individuals with undernourishment or fasting 
states or following chronic ethanol consumption at lower total doses than typically required to 
cause toxicity8. In these toxic states, drug elimination may follow a minor pathway involving 
CYP2E1. Furthermore, Paracetamol produces an oxidative toxic metabolite that is concentrated 
in the liver and extremely reactive. The chemistry of paracetamol metabolism plays a significant 
role in the subsequent clinical management of paracetamol hepatotoxicity and the development 
of nonsteroidal anti-inflammatory drugs to provide synthetic safe alternatives to aspirin 8. 

Paracetamol's hepatotoxicity ranges from minor biochemically noticeable harm to severe liver 
damage, and it is the primary reason behind severe liver failure in the UK9. Accidental paracetamol 
overdose is a potential public health emergency, with potential high morbidity and mortality and 
significant public health economic burden on the NHS. Broad public health risks arise from the 
combination of paracetamol's lethality, widespread use, common over-the-counter availability, and low 
public awareness of both the increasedpoisoning from paracetamol in overdose and the safe limits of 
ingestion 10. 

In experimental animals, vitamin C has been found to be effective in controlling fever toxicity. 
However, research on its beneficial doses for excessive paracetamol has caused some 
controversy. Ascorbic acid, in the disturbance of the gate syndrome, has been found to reduce 
liver tissue damage. It is believed that this can be explained by its antioxidant and complex anti-
inflammatory activities that it may exert through its antioxidant and leukocyte-mediated 
activities11, 12. Ascorbic acid is a small and simple compound that functions as an antioxidant, 
facilitates enzymatic functions such as the synthesis of dihydrocollagen, and facilitates cell 
differentiation. Moreover, the stability of the salts' higher order structures is one of the numerous 
significant biological processes in which ascorbic acid (AA) is engaged.According to reports, 
vitamin C can prevent many oxidative damages induced by various pro-oxidant feed 12. The 
supplementation of rats with ascorbic acid, N-acetylcysteine, and tocopherols resulted in 
improved liver function, as indicated by the decrease in alanine aminotransferase and the 
increase in liver superoxide dismutase, class H glutathione transferase, reduced glutathione 
transfer13, 14. Superoxide amino transferase, decreased lipid peroxide, and increased glutathione 
concentrations were also observed. Purified vitamin C has been shown to decline the carnage of 
oxidative stress and prevent liver injury in parkotic rats. Despite this, some researchers believe 
that efforts to avoid the gathering of cytogenetic donations due to increased donations may lead 
to lower ascorbic acid than the endogenous donors, which are, in fact, less toxic to the cell12.The 
search for a smaller molecule or inhibitor, a method of stimulating the antioxidative qualities of 
the liver, reducing NAPQI formation or a less toxic paracetamol metabolism pathway, has led to 
a long search for novel hepatoprotective drugs, including herbal products 13.Antidote is the 
standard treatment of a paracetamol intoxication and protects against a wide range of 
antioxidants, although paracetamol is generally not a very toxic compound at therapeutic doses. 
N-acetylcysteine, an effective paracetamol antidote, is a precursor of hepatic GSH and 
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replenishes hepatic GSH banks. In the setting of numerous failures or contraindications, there 
will be a time delay due to the steep drop in the hepatotoxicity level of the liver12. 

With normal therapeutic doses, this intermediate is usually sequestered by hepatic glutathione 
(GSH) and excreted as a cysteine conjugate and mercapturate. Excessive paracetamol results in a 
depletion of hepatic GSH stores due to the excessive production of NAPQI, which becomes 
overwhelmed, rendered toxic and binds to cellular proteins, and causes mitochondrial oxidative 
damage and hepatic function, leading to liver failure11. 

Thus, the goal of this work is to look at how ascorbic acid affects the histo-biochemical 
processes that cause paracetamol-induced hepatotoxicity in wistar rats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.0. MATERIAL AND METHODS 

The materials used in the experimental study are as follows: Dissecting set, Ascorbic acid, 
Wistar rats, animal cages, Paracetamol, Digital weighing balance, water bottles, beakers, glass 
slides, 2ml syringes, Orogastric tubes, Graduated measuring cylinder set, Molten paraffin wax, 
Rotary Microtome, 10% Formal saline, Xylene, Ehrlich’s Haematoxylin, Eosin,Phosphate 
Buffered Solution. 

2.1. Animal care 
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Adult male Wistar rats weighing 145g–200g were used for this study. The rats were obtained and 
bred in the animal house of Achievers University Owo, Nigeria. They were housed in plastic 
cages in an animal core facility that was free of diseases, had good ventilation, and had free 
access to water and pelletized rat chow under carefully regulated lighting. The rats were given 
extract two weeks prior to the start of the acclimation period. All experimental and laboratory 
procedures were approved by the Research Ethics Committee on Animal use of Ministry of 
Agriculture Akure, Ondo State, Nigeria with reference number (MNR/V.384/7) and performed 
following the Animal Reforms Guidelines and the National Institute of Health Guide for 
Laboratory animal care and usage. 

2.2. Experimental design 

Twenty-five adult male Wistar rats, each with five animals, were randomly assigned to five 
groups for this experimental study.Group 1 – control fed with animal feed and water alongside 
with normal saline. Group 2 – Fed with Animal feed and water alongside with 52g of PCM 
dissolved in water. Group 3 – Fed with Animal feed and water alongside with 500mg of ascorbic 
acid. Group 4 – Fed with Animal feed and water alongside with 52g of PCM in water and 500mg 
of ascorbic acid. Group 5 – Fed with Animal feed and water alongside with 52g of PCM in water 
and 1000mg of ascorbic acid. This was done once daily and blood samples and tissues were 
obtained for histopathological and biochemical studies. All administrations were carried out 
orally once per day between 8:00 am, and 10:00 am daily. 
 
2.3. PREPARATION OF DRUGS 

Paracetamol 500mg tablet (Emzor, Nigeria): 6 tablets of 500mg paracetamol tab, powdered with 
the aid of mortar and pestle and dissolved in distilled water 

Vitamin c 100mg (Emzor, Nigeria) 

Preparation of drug solution: 5 tablets of 100mg of vitamin c (total of 500mg) were powdered 
with the aid of a mortar and pestle, and dissolved in 10ml of normal saline. The solution is 
refrigerated prior to use. 

 

2.4. Procedure for animal euthanasia and liver collection 

Following the completion of PCM and Vitamin C administration, the rats were euthanised by 
cervical dislocation. After taking blood samples from jugular vein, the liver from each rat was 
rapidly excised and washed in sterile Phosphate buffer solution before fixed in 10% Neutral 
Buffer Formalin for histological investigation. In order to homogenize the remaining portions in 
a sterile Phosphate buffer solution and determine the antioxidant defense and oxidative stress 
indicators, they were stored in a deep freezer at -30° C. 

2.5. Biochemical analysis 
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Liver samples were homogenised in a mortar and pestle with a pinch of acid-washed sand. A 
total of 5mls of normal saline (0.9%) was added sequentially during the homogenisation process. 
The homogenates were centrifuged at 350rpm for 5 minutes with a centrifuge. The clear 
supernatants were collected using a micropipette and transferred into an empty specimen 
container, and refrigerated until needed for the assays. 

2.5.1. Glutathione (GSH) level assessment 

Glutathione activity was determined by Udi, et al. 14. The tissues were thawed in PBS Lysis 
buffer (pH 7.4) containing 320mM sucrose, 1% of 1.0 M Tris – HCL (pH = 8.8), 0.098 
mMMgCl2, 0.076 mM EDTA, phosphatase inhibitor cocktail. The tissues were homogenised by 
ten quick pulses using the hand homogeniser. The homogenates were centrifuged at 14,000× g 
for 10 minutes to remove cellular debris, and the supernatants were separated to determine the 
total protein concentration using the BCA method. A detection kit from Arbor assays (K006 – 
H1) was used to measure concentrations of total reduced and oxidised forms of GSH. Samples 
were then assayed for GSH and presented in µm/ml. 

2.5.2. Measurement of superoxide dismutase (SOD) activity 

The SOD activity was determined by Udi, et al. 14method. 0.4ml aliquot of the supernatant was 
added to 5ml of 0.05M carbonate buffer (Ph 10.2) and equilibrated in the spectrophotometer for 
2–3 minutes. This reaction procedure is based on the ability of SOD to inhibit the autoxidation of 
adrenaline. 

2.6. Histological procedure and photomicrography 

Liver tissues were processed using a standard histological technique. It entails fixing the Liver 
tissues in 4% paraformaldehyde, dehydration in ascending grades of alcohol, clearing in xylene, 
and impregnating tissues in molten paraffin wax. Tissues were embedded using molten paraffin 
wax and embedding moulds and sectioned using the rotary microtome. Liver slices of the rat 
were stained with hematoxylin and eosin, a routine histology stain. The stained tissue images 
were captured using a digital microscopic eyepiece, ‘SCOPETEK DCM 500, 8.0 MEGA 
PIXEL’, connected to a computer. The stained slides were interpreted with a light microscope 
and analysed for histological changes across the groups. 

2.7. Statistical analysis 

The biochemical analysis data were presented as means ± SEM and analysed using one-way 
ANOVA. Student Newman Keuls (SNK) post – hoc test for multiple comparisons was carried 
out to determine mean notable variations among groups using SPSS version 21. Levels of 
statistical significance were set at P < 0.05. 
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3.0 RESULTS  

The findings demonstrated that, in comparison to rats in the control group, the oral 
administration of paracetamol resulted in a statistically significant increase in liver enzyme 
activity in rats. Furthermore, compared to the rats in the control group, the administration of 
APAP resulted in a depletion of GSH contents (Table 2). Furthermore, administering APAP 
resulted in a noteworthy rise in SOD (Table 2) activities. 
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Table 1: Mean and standard deviation of Superoxide dismutase and Glutathione 
Peroxidase in Test and Control Groups 

 

Note; Group 1: Control, Group 2: Paracetamol only, Group 3: Paracetamol + 500mg Ascorbic 
Acid, Group 4: Paracetamol + 1000mg Ascorbic Acid, Group 5: Ascorbic Acid only 

 

 

 

 

 

 

Fig 1: Comparative analysis of Superoxide dismutase in Test and Control Groups 
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Parameter Group 1 Group 2 Group 3 Group 4 

 

Group 5 

Superoxide dismutase (U/mg) 9.22±0.27 3.7±0.11 17.18±0.57 4.86±0.06 5.35±0.07 

Glutathione Peroxidase (µmoles) 116±1.60 54.83±1.32 43.9±1.62 63.86±2.24 64.46±3.54 
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Fig 2: Comparative analysis of Glutathione Peroxidase in Test and Control Groups 
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HISTOPATHOLOGICAL RESULTS 

 
Fig. 3. Histopathological slides of liver (H&E 400X) 
Group A Photomicrograph of a liver section stained by Hematoxylin and Eosin showing the central venules 
(white arrow), the morphology of the hepatocytes appears normal (blue arrow), the sinusoids appear normal and 
not infiltrated (slender arrow).  
Group B Photomicrograph of a liver section stained by Hematoxylin and Eosin showing mildly congested central 
venules (white arrow), the morphology of the hepatocytes appears normal (blue arrow), the sinusoids appear 
normal and not infiltrated (slender arrow). 
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Group C Photomicrograph of a liver section stained by Hematoxylin and Eosin showing normal central venules 
(white arrow) and vessel with mild perivascular infiltration of inflammatory cells, the morphology of the 
hepatocytes appears normal (blue arrow), the sinusoids appear normal and not infiltrated (slender arrow) 
Group D Photomicrograph of a liver section stained by Hematoxylin and Eosin showing mildly congested central 
venules, the morphology of the hepatocytes appears normal (blue arrow), the sinusoids appear normal and not 
infiltrated (slender arrow). 
Group E Photomicrograph of a liver section stained by Hematoxylin and Eosin showing mildly congested central 
venules (white arrow), the morphology of the hepatocytes appears normal (blue arrow), the sinusoids appear 
dilated with mild hemorrhage (slender arrow) 
 
 
 
 
 
 
4.0. Discussion 
The results of the study revealed that administering paracetamol orally to rats resulted in a 
notable increase in the activities of liver enzymes, shedding light on the substance's potential 
hepatotoxic effects. This elevation in enzyme levels serves as a crucial biomarker for liver 
damage, indicating the organ's physiological response to the metabolization of the compound. 
Paracetamol, while widely recognized as a safe analgesic and antipyretic for humans when used 
at recommended doses, has a well-documented risk of hepatotoxicity, particularly when 
consumed in excessive amounts or in vulnerable populations 15, 16. The marked increase in liver 
enzyme activity observed in the text rats suggests that even standard dosages of paracetamol may 
invoke a stress response in the hepatic tissues, leading to cellular injury and subsequent leakage 
of these enzymes into the bloodstream. Such findings are significant as they not only raise 
concerns about the safety margins of paracetamol usage in both clinical and over-the-counter 
settings but also emphasize the importance of further investigating the biochemical pathways 
involved in paracetamol metabolism and its potential implications for liver health. These results 
also underscore the necessity for continuous monitoring of liver function biomarkers in patients 
undergoing treatment with paracetamol, particularly for those with pre-existing liver conditions 
or those consuming other hepatotoxic agents concurrently.  

The study's findings unequivocally demonstrated that, in comparison to the control group, the 
administration of acetaminophen (APAP) resulted in a marked reduction in glutathione (GSH) 
concentrations. Glutathione, a crucial antioxidant present in every cell, plays a vital role in 
combating oxidative stress and maintaining cellular homeostasis17. The observed reduction in 
GSH levels following APAP administration highlights the potential hepatotoxic effects of this 
common analgesic, which is often underestimated due to its widespread use and availability 18. 
While APAP is generally considered safe when taken within therapeutic limits, excessive or 
prolonged exposure can overwhelm the liver's detoxification mechanisms, resulting in a decline 
in GSH, which is essential for neutralizing reactive oxygen species (ROS) generated during the 
drug's metabolism 19. This deficiency may increase cells' vulnerability to oxidative damage and 
impede a number of physiological processes, which could result in liver damage and other 
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harmful health effects. Moreover, the stark contrast between GSH levels in the APAP-treated 
group and the control group underscores the need for careful monitoring of antioxidant defenses 
in individuals exposed to APAP, particularly in those with existing liver conditions or those who 
consume alcohol concurrently. The administration of APAP has been shown to stimulate SOD 
activity significantly, suggesting a complex interplay between this ubiquitous drug and the 
body’s endogenous antioxidative responses. This elevation in SOD activity may serve as a 
compensatory mechanism to counteract oxidative damage, particularly under conditions of 
increased metabolic stress or injury, as well as after excessive exposure to free radicals 20. In 
recent studies, the introduction of ascorbic acid, known for its potent antioxidant properties, has 
been shown to counteract these detrimental effects 8, 21, 22. By enhancing the liver's antioxidant 
defense system, ascorbic acid helps to restore glutathione levels and reduces the burden of 
oxidative damage.  

Histopathological examination reveals that the liver tissue from rats treated with paracetamol 
exhibits a lower degree of necrosis and inflammatory cell infiltration when compared to samples 
from rats that received ascorbic acid alone. This finding raises the possibility that ascorbic acid 
may protect the liver by reducing the negative effects of paracetamol. Ascorbic acid has been 
shown in a study to have an impact on several signaling pathways that are closely related to the 
processes of inflammation and apoptosis, or programmed cell death.23, 24. As a result, the 
administration of ascorbic acid appears to mitigate the overall impact of paracetamol toxicity on 
hepatic tissues. This potentially suggests that ascorbic acid could be beneficial in reducing the 
detrimental effects commonly associated with paracetamol overdose, possibly by reducing 
oxidative stress and regulating inflammatory responses within the liver. The mechanisms of 
ascorbic acid might enhance liver cell survival and maintain hepatic function even in the 
presence of paracetamol-induced damage 21. Thus, the combination of paracetamol and ascorbic 
acid highlights a complex interaction that warrants further investigation to fully understand the 
underlying biological processes at play and to explore potential therapeutic interventions for 
managing paracetamol toxicity.  

 

4.1 CONCLUSION 

Vitamin C and paracetamol are known to compete for the sulphate pool in the body. Hence the 
effect of vitamin C on paracetamol hepatotoxicity was studied. When vitamin C and paracetamol 
were administered concurrently in therapeutic levels to malnourished subjects, liver damage was 
not observed.However, due to its antioxidant properties, vitamin C may continue to protect 
animals even after hazardous doses of paracetamol. 

4.2 RECOMMENDATIONS 

The results of this study indicated that when ascorbic acid was given in place of paracetamol, its 
hepatoprotective effects may have been caused by its inherent antioxidant property.However, 
more research on the combination of ascorbic acid and greater dosages of Paracetamol should be 
done. 
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