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INTRODUCTION 

Acute liver failure (ALF) is defined by the American 

association for the study of liver diseases as rapid 

development of acute liver injury without any prior signs 

of damage and is characterized by severe impairment of 

the synthetic, metabolic, and detoxifying functions of the 

liver.1,2 ALF differs from chronic liver failure where the 

failure occurs as a result of liver injury caused over a 

long period of time and from acute chronic liver failure,  

 

 

where abrupt liver damage takes place as a result of 

chronic liver diseases.3.4 

Hepatotoxicity is the most remarkable feature of 

acetaminophen overdose. Acute overdoses of 

acetaminophen can cause potentially fatal liver damage 

and, in rare individuals, a normal dose can do the same; 

the risk is heightened by alcohol consumption. 

Acetaminophen toxicity is the foremost cause of acute 

liver failure.5 

ABSTRACT 

 

Background: The aim of this study is to evaluate the potential effect of vitamin C as an antioxidant on liver 

regeneration after partial hepatectomy and acetaminophen-induced liver injury in Wistar rats. 

Methods: A total of 24 male Wistar rats were divided into four groups, each group consisted of 6 rats: group A 

(control, partial hepatectomy/PHx alone), group B (PHx and vitamin C 250 mg/kg BW), group C (acetaminophen 500 

mg/kg BW and PHx), and group D (acetaminophen 500 mg/kg BW with PHx and vitamin C 250 mg/kg BW). 

Subtoxic dose of acetaminophen was given 24 hours before partial hepatectomy. Vitamin C was given orally via oral 

gavage for 6 consecutive days after partial hepatectomy. POD 7, all animals were terminated and performed 

laparotomy to obtain liver tissue for measurement of liver weight and regeneration rate, blood samples for 

malondialdehyde (MDA) as a lipid peroxidation measurement and histopathological investigation.  

Results: The means of regeneration rate in vitamin C groups were significantly higher compared to non-vitamin C 

group (p<0.05). Similar result, the means of MDA values in vitamin C groups were significantly lower compared to 

non-vitamin C group (p<0.05). This result suggests a protective effect of vitamin C against lipid peroxidation. 

Histopathological changes in liver cells were statistically difference between vitamin C groups and non-vitamin C 

groups (p<0.05). 

Conclusions: Our results indicate that vitamin C administration promotes liver regeneration and inhibits lipid 

peroxidation after partial hepatectomy and acetaminophen-induced liver injury in Wistar rats. 
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Toxicity from acetaminophen is not from the drug itself 

but from one of its metabolites, N-acetyl-p-

benzoquinoneimine (NAPQ1). Acetaminophen 

biotransformation involves conjugation with glucuronide 

and sulphate. A small amount of acetaminophen is 

metabolized by mixed function oxidase enzymes to form 

highly reactive compound NAPQ1, which is immediately 

conjugated with glutathione and subsequently excreted as 

cysteine and mercapturic conjugates. In overdoses, large 

amounts of acetaminophen are metabolized by oxidation 

because of saturation of sulphate conjugation pathway, 

but once the protective intracellular glutathione stores are 

depleted hepatic and renal damage may ensue.6-8 

Recent findings indicated that toxic manifestations 

induced by acetaminophen may be associated with the 

enhanced production of reactive oxygen species (ROS). 

The production of ROS may produce oxidative stress and 

induce various tissue damage i.e., liver, kidney and 

brain.9-11 Oxidative stress occurs when the production of 

ROS overrides the antioxidant capacity in the target cell, 

resulting in the damage of macromolecules such as 

nucleic acids, lipids and proteins causing alterations in 

the target cell function and leading to cell death.12 

Malondialdehyde (MDA) is the end product of lipid 

peroxidation resulting from the interaction between ROS 

and cellular or sub cellular membranes. Vitamin C is 

thought to be an important water-soluble antioxidant 

which is reported to neutralize ROS and reduce the 

oxidative stress.13 

To study the potential of alternative therapeutic 

approaches of vitamin C and to better understand the 

pathophysiology of ALF, animal models that can reflect 

the ALF occurring in human beings are needed. 

Therefore, the present study was planned to investigate 

the effect of vitamin C after partial hepatectomy on the 

oxidative stress in the liver of male Wistar rats and to 

study the role of vitamin C in overcoming the oxidative 

damage and lipid peroxidation induced by 

acetaminophen, if administered following the exposure. 

METHODS 

Study design 

This study was an experimental study with parallel 

design. 

Study place and period 

The study was conducted at the animal laboratory, 

university of Padjadjaran, Bandung, West Java, Indonesia 

from September 2020 to October 2020.  

Animal 

The Inclusion criteria used in this study: (a) Wistar rats 

aged 3 to 6 months; (b) male sex; (c) weight 300 grams; 

(d) in healthy condition. The exclusion criteria: rats that 

were ill or unable to adapt before the study begin. Food 

and tap water were available ad libitum. Room 

temperature range were 21-24oC, lighting control were 12 

h/light and 12 h/dark cycle, and humidity ranged from 55 

to 60%. All animals received human care according to the 

criteria outlined as 3 R and 5 F principles. The study 

protocol was approved by the ethical committee of 

Padjadjaran university. 

Sampling technique 

The sampling technique used in this study based on 

calculations according to Federer, and with anticipation 

of dropped out animals during the study, the total number 

of experimental animals was 24 rats. 

Experimental groups 

A total of 24 male Wistar rats are divided into four 

groups with 6 animals in each: group A (control, partial 

hepatectomy/PHx alone), group B (PHx and vitamin C 

250 mg/kg BW), group C (acetaminophen 500 mg/kg 

BW and PHx), and group D (acetaminophen 500 mg/kg 

BW with PHx and vitamin C 250 mg/kg BW). 

Experimental procedures 

To study the therapeutic potential of a treatment for ALF, 

its prior testing in an animal model of ALF is essential. In 

the current study, an ALF model in rats was developed by 

combining administration of acetaminophen and 70% 

partial hepatectomy (PHx). Acetaminophen-induced liver 

injury was given 24 hours before the surgery. The median 

and left lateral lobes of the liver were removed to excise 

70% of the liver mass. The progression of liver injury, 

degeneration of hepatocytes and infiltration of 

inflammation cells was observed by histological 

evaluation. The reversibility of ALF was confirmed by 

the restoration of survival and regeneration of liver 

hepatocytes. This model presents a reliable method to 

evaluate the potential of alternative therapeutic 

approaches of vitamin C for ALF. The use of two 

different approaches also makes it possible to study the 

combined effect of physical and drug-induced liver 

injury.  

Subtoxic dose of acetaminophen (500 mg/kg BW) was 

given 24 hours before partial hepatectomy. When 

performing 70% PHx, we use a standard cocktail mix of 

ketamine hydrochloride (100 mg/kg body weight) and 

xylazine (10 mg/kg body weight), which is injected 

intraperitoneally. Removal of 70% of the liver mass, 

named 70% partial hepatectomy, was performed as 

described by Higgins and Anderson, 1931.14,15 

Vitamin C (250 mg/kg BW) administration were given 

orally via oral gavage for 6 consecutive days after the 

animals successfully recovered from 70% PHx. Daily 

dose was administered at approximately the same time 

each day. After one week of treatment, relaparotomy 
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were performed to obtain whole liver tissue samples for 

histopathological investigation of liver regeneration and 

blood collection to measurement of malondialdehyde 

(MDA) as lipid peroxidation indicator.  

Liver weight and regeneration rate 

The preoperative total liver weight was calculated from 

the resected liver weight.14,16 Postoperative total liver 

weight was measured at sacrifice. The change in liver 

weight was evaluated as the hepatic regeneration rate 

(RR). RR is defined as (liver weight per 100 g of the 

body weight at sacrifice/preoperative projected liver 

weight per 100 g of the body weight) × 100: 

RR=
(

𝐿𝑊𝑚

100
𝑔 𝐵𝑊)𝑠𝑎𝑐

(
𝐿𝑊𝑝

100
𝑔 𝐵𝑊)𝑝𝑟𝑒

× 100 

LWm is the measured liver weight at sacrifice; LWp is 

the preoperative projected liver weight. 

Malondialdehyde (MDA) measurement 

Lipid peroxidation was evaluated by measurement of 

plasma MDA which was obtained from blood. The MDA 

measurement was based on 2-thiobarbituric acid reactive 

substances (TBARS) with spectrophotometer to read the 

wavelength. TBARS are low-molecular-weight end 

products (mainly MDA) that are formed during the 

decomposition of lipid peroxidation products. Increased 

levels of TBARS usually demonstrated in liver disorders 

disease. The procedure involved the following steps-

blood from rats was collected in an EDTA contained 

blood container then sent to biochemistry laboratory. 

Blood was centrifuged at a speed of 3000 rpm for 10 

minutes and plasma located on the surface is separated 

and taken to be analyzed. MDA concentration was 

measured with QuantichromTM TBARS assay kit (DTBA-

100). 

Histopathological evaluation 

At the end of the surgical procedure, the liver tissues 

were immersed in a buffer formalin solution and sent to 

anatomical pathology laboratory to investigate the liver 

regeneration.  

Statistical analysis 

All statistical analysis carried out using SPSS statistical 

software (SPSS for Windows version 26). Data from 

histopathologic investigation were presented in 

crosstabulation. Differences in measured parameter 

among the four groups were analyzed with a non-

parametric test (Kruskal-Wallis) and dual comparisons 

between groups exhibiting significant values were 

evaluated with a Mann-Whitney U-test. These differences 

were considered significant when the probability value 

was less than 0,05. Data from MDA values and 

regeneration rate were presented in mean ± standard 

deviation and tested with 1-way ANOVA test. Significant 

value between groups were tested with Tukey test. 

RESULTS 

Evaluation of regeneration rate 

The mean of regeneration rate (RR) in group A 

(control/PHx alone) was 80.55±0.60. In group B (PHx 

and vitamin C), the mean of RR was 4.91±2.27. The 

mean of RR was 34.37±2.32 in group C (acetaminophen 

and PHx) and 23,68±7.11 in group D (acetaminophen, 

PHx and vitamin C) (Table 1) (Figure 1). 

 

Figure 1: Regeneration rate boxplot. 

Evaluation of MDA 

The mean of MDA value in group A (control/PHx alone) 

was 26.10±2.81. In group B (PHx and vitamin C), the 

mean of MDA value was 4.91±2.27. The mean of MDA 

value was 34.37±2.32 in group C (acetaminophen and 

PHx) and 23,68±7.11 in group D (acetaminophen with 

PHx and vitamin C) (Table 2 and 3) (Figure 2). 

 

Figure 2: MDA values boxplot. 

https://www.sciencedirect.com/science/article/pii/S1743919113010169#bib5
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Histopathological findings 

For histopathological assessment, the liver sections were 

stained with Harris’ hematoxylin and eosin (H and E) 

staining method. HE-stained sections were observed for 

any abnormalities of histopathological features under a 

light microscope at 20x, 100x, and 200x. The degree of 

hepatocellular changes was scored based on the grading 

system done by the previous study, as shown in the Table 

4.17 

The incidence of hepatocytes necrosis was examined in 

all groups. We found 67% moderate and 33% mild 

hepatocytes necrosis in group A (control, PHx alone); 

50% minimal, 33% mild and 17% moderate hepatocytes 

necrosis in group B (PHx and vitamin C); 80% severe 

and 20% moderate hepatocytes necrosis in group C 

(acetaminophen and PHx); 80% mild and 20% moderate 

hepatocytes necrosis in group D (acetaminophen with 

PHx and vitamin C) as shown in the Figure 3, Table 5 

and 6. 
 

Figure 3: Hepatocytes necrosis, H and E stained (200x 

magnification) (A) mild, (B) moderate and (C) severe. 

Table 1: Regeneration rate (%), Kruskal Wallis test. 

Regeneration rate 

(%) 

Group 
P value 

A (n=6) B (n=6) C (n=5) D (n=5) 

𝑿̅ ± 𝑺𝑫 80.55±0.60 88.83±1.70 70.48±0.89 84.74±1.76 

<0.001a 
Median 80.51 89.14 70.96 84.96 

Minimum 80.01 85.74 69.28 82.22 

Maximum 81.65 90.39 71.19 87.13 

Table 2: Malondialdehyde (MDA) values, one-way ANOVA test. 

MDA 

value 

Group 
P value 

A (n=6) B (n=6) C (n=5) D (n=5) 

𝑿̅ ± 𝑺𝑫 26.10±2.81 4.91±2.27 34.37±2.32 23.68±7.11 

<0.001a 
Median 26.99 5.45 34.01 25.27 

Minimum 21.58 2.12 32.30 11.40 

Maximum 28.78 8.06 37.88 29.32 

Table 3: Tukey test for MDA values. 

Group P value* Significant difference 

A 

B <0.001 Present 

C 0.015 Present 

D 0.754 Not Present 

B 

A <0.001 Present 

C <0.001 Present 

D <0.001 Present 

C 

A 0.015 Present 

B <0.001 Present 

D 0.03 Present 

D 

A 0.754 Not Present 

B <0.001 Present 

C 0.03 Present 

A B 

C 
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Table 4: Semiquantitative score for histopathological changes in liver cells.17 

Score Description 

0 (-) Normal-no hepatocytes necrosis 

1 (+) Minimal-mild, focal, limited to centrilobular region, less than ¼ of affected lobules are necrotic 

2 (++) Mild-moderate, focal, and multifocal central to midzonal lobular region ½ affected lobules are necrotic  

3 (+++) Moderate to severe, multifocal (centrilobular-portal region) X> ½ affected lobules are necrotic   

4 (++++) Severe, multifocal X> ¾ affected lobules are necrotic 

5 (+++++) 
Severe (whole lobules) 

Hepatocytes loss from central vein to portal area extend to adjacent lobules. 

Table 5: Histopathological score, Kruskal Wallis test. 

Score 
Group 

P value 
A (n=6) (%) B (n=6) (%) C (n=5) (%) D (n=5) (%) 

Normal 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

0.003a 

  

Minimal-mild  0 (0.0) 3 (50.0) 0 (0.0) 0 (0.0) 

Mild-moderate 2 (33.3) 2 (33.3) 0 (0.0) 4 (80.0) 

Moderate to 

severe 
4 (66.7) 1 (16.7) 1 (20.0) 1 (20.0) 

Severe 0 (0.0) 0 (0.0) 4 (80.0) 0 (0.0) 

Severe (whole 

lobules) 
0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Table 6. Mann Whitney test for histopathological results. 

Group P value* Significant difference 

A 

B 0.041 Present 

C 0.010 Present 

D 0.140 Not Present 

B 
C 0.006 Present 

D 0.190 Not Present 

C D 0.007 Present 

 

DISCUSSION 

The liver is characterized by complex physiology and the 

ability to undergo rapid regeneration.18-20 Liver 

regeneration occurs by a compensatory hyperplasia and 

hypertrophy of the residual liver lobes.21 Animal models, 

particularly the rat model, are commonly used to 

investigate new aspects of liver regeneration. Ever since 

Higgins and Anderson presented a method for 

standardized partial hepatectomy in 1931, liver resection 

has been refined and used many times over.14 Today, the 

most widely used models are those involving 70% 

resection. In our study, 70% PHx in healthy rats induces a 

rapid regenerative response. 

Acetaminophen overdose is the leading cause of drug-

induced acute liver failure. Mitochondrial oxidative stress 

is considered to be the predominant cellular event in 

acetaminophen-induced liver injury. Malondialdehyde 

(MDA) is one of the final products of polyunsaturated 

fatty acids peroxidation in the cells. An increase in free 

radicals causes overproduction of MDA, which is 

commonly known as a marker of oxidative stress and 

lipid peroxidation.22,23 

 

Vitamin C is an organic compound found in many plants 

and animals and is known to have antioxidant properties. 

The antioxidant effect of vitamin C is the ability of 

vitamin C to donate hydrogen atoms and form ascorbic 

free radicals that are relatively stable and can reduce 

damage caused by oxidation processes.24 Inhibition the 

process of formation of liver necrosis and reduction of 

lipid peroxidation by the administration of vitamin C 

occurs due to neutralization of ROS by vitamin C and 

conversion of lipid peroxidation products to non-reactive 

lipid vitamin C-peroxidation products.25,26 

Our data from representative images of liver morphology 

in the four different groups show that in the state of 

acetaminophen liver injury and partial hepatectomy 

without oral vitamin C there were moderate to severe 

hepatocytes necrosis and these necrosis process decreased 

significantly along with oral vitamin C administration. 

We also found the average value of regeneration rate in 

vitamin C groups was higher compare with non-vitamin 

C groups. This was further supported statistically with 

Mann Whitney test for the assessment of 

histopathological changes and Tukey test for the 

assessment of regeneration rate. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hyperplasia
https://www.sciencedirect.com/topics/medicine-and-dentistry/partial-hepatectomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/hepatectomy
https://www.sciencedirect.com/science/article/pii/S1743919113010169?via%3Dihub#bib5
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The average value of plasma MDA levels after partial 

hepatectomy in the Wistar rat groups treated with oral 

vitamin C was lower. Vitamin C also helps lower the 

MDA plasma after acetaminophen administration before 

partial hepatectomy in this study. This result suggests a 

protective effect of vitamin C against lipid peroxidation 

and oxidative stress. 

Hepatoprotective effect of vitamin C in our results were 

consistent with the results of several previous studies.27 

Role of vitamin C as a powerful plasma antioxidant 

capable of reducing the oxidative stress effects in human 

liver need to be further investigated in future research. 

The limitation of our study is that daily administration of 

vitamin C by oral gavage can induce stress to the rats and 

alteration in food and water consumption especially when 

the procedure is carried out by unexperienced technician. 

Another limitation is the wide variations of MDA 

concentrations as a biomarker of oxidative stress. This is 

due to its high reactivity and possibility of various cross-

reactions with co-existing biochemicals. This value 

depends on the range of measurement values by the 

reagent (kit). MDA examination also will provide better 

information if examined serially during the study.  

CONCLUSION 

Based on the results above, it can be concluded that the 

administration of vitamin C on liver regeneration after 

partial hepatectomy and acetaminophen-induced liver 

injury in Wistar rats yielded significant results in terms of 

promote liver regeneration and inhibits lipid peroxidation 

compared to those without vitamin C administration. The 

application of vitamin C is beneficial for the liver 

regeneration in this study.  
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