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Background: The liver is a critical factor that has a vital role in metabolism and excretion of various 
chemical substances and drugs. Liver harm is a major problem to health that challenges healthcare 
vendors and the pharmaceutical industry. Acute liver injuries caused by various toxic chemicals, drugs, 
high alcohol intake, and microbes are studied well. This study aimed to measure the out-turn of 
cholecalciferol in comparison to N-acetylcysteine in acetaminophen-induced hepatotoxicity in mice. 
Methods: It was an experimental randomized control trial carried out in the Department of 
Pharmacology, Islamic International Medical College in collaboration with National Institute of Health 
Islamabad. Forty adult Balb-C mice were divided into four groups with 10 mice in every group. Group 
1 was the Negative control group, and the experimental groups 2, 3, and 4 were administered 
acetaminophen to set off hepatotoxicity which was confirmed after one week through measuring 
alanine transaminase (ALT) levels. Group 3 was then administered cholecalciferol, and group 4 was 
given N-acetylcysteine. Terminal sampling was done on day 28 to evaluate the results. Statistical 
analysis was accomplished on SPSS-22. Comparison among groups was done using one-way ANOVA 
and student’s t-test, and p<0.05 was taken statistically significant. Results: Mice of groups 3 and 4 
significantly reduced ALT levels as compared to group 2. Cholecalciferol significantly decreased ALT 
levels in hepatotoxic mice with efficacy greater than N-acetylcysteine. Conclusion: Cholecalciferol is 
more efficacious in the reversal of acute liver injury as compared to N-acetylcysteine. 
Keywords: Acetaminophen, Hepatotoxicity, Alanine Transaminase, Cholecalciferol, N-acetylcysteine 

Pak J Physiol 2023;19(1):14–6 

INTRODUCTION 
Liver is one of the most crucial organs that features as a 
centre for the nutrients metabolism and waste 
metabolites excretion.1 The liver is not only the most 
important organ for detoxification of foreign substances 
but also a great object of their toxicity because of its 
ability to detoxify toxic substances and functionally 
intervene between the site of resorption and the systemic 
circulation.2 The constant liver injury involves oxidative 
stress, which is an imbalance between pro- vs anti-
oxidants and the generation of reactive oxygen species 
which attack the hepatocytes.3 This causes liver distress 
and presents with distortion of the metabolic functions, a 
reduction in glutathione (GSH) levels, a rise in tissue 
lipid peroxidation, and cellular necrosis.4 Furthermore, 
serum levels of some biomarkers like transaminases, 
alkaline phosphatase, and bilirubin are generally 
increased in liver diseases.4 Acute liver injury can be 
experimentally induced by various chemicals and 
medications which cause liver inflammation. One of 
those agents is acetaminophen which causes dose-
dependent liver toxicity.5 

Acetaminophen (APAP) commonly called 
paracetamol, is extensively in use anywhere in the 
international as a well-place analgesic and antipyretic 
drug. It is the main suggested reason for acute failure of 
liver in the world.6 The most important concern with the 

paracetamol usage is to keep away from overdose; the 
consumption of an increase dose of acetaminophen 
often reasons intense acute harm to the liver. The acute 
acetaminophen toxicity might also supply high to 
probably fatal hepatic and renal damage in humans and 
laboratory animals.7  

Cholecalciferol, called as vitamin D3, is 
generated through pores and skin and is found in some 
foods too. Its basic purpose is to preserve ordinary levels 
of serum calcium and phosphate to maintain bone 
strength. Cholecalciferol requires two hydroxylation 
tactics for its activation. The first hydroxylation occurs 
in the liver through the 25-hydroxylase enzyme and 
yields 25-hydroxycholecalciferol. It has an extended 
half-life compared to 1,25-dihydroxycholecalciferol. 
The other hydroxylation takes place in the kidneys 
through the 1-α-hydroxylase enzyme.8 

N-acetylcysteine (NAC) is a spinoff of the 
aminoacid L-cysteine. It is a reduced  glutathione 
precursor with direct antioxidant activities.9 Detoxifying 
action of NAC was discovered during the 1970s and 
then it was used as an acetaminophen antidote as the 
usual remedy for the APAP toxicity. N-acetylcysteine 
acts as an antioxidant showing direct and indirect 
activities.10 This study aimed at evaluation of 
comparative hepatoprotective effects of Cholecalciferol 
and N-acetylcysteine in acute liver injury. 
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METHODOLOGY 
This experimental randomized controlled study was 
performed at Multidisciplinary Research Laboratory and 
Pharmacology Laboratory, Islamic International 
Medical College, Rawalpindi, and National Institute of 
Health, Islamabad after approval of Ethical Review 
Committee (Appl. #Riphah/IRC/21/60) of the institute, 
from Sept 2021 to Aug 2022. A sum of 40 male10 mice 
weighing 30–50 grams without any bodily anomaly and 
with normal baseline criterion were included in the 
study and fed on commercial feeding diet with water ad 
libitum. The cages of mice were located in a nicely-
aerated room maintained at 24±3 °C, humidity 60±11%, 
and a light/dark cycle of 12-hour.11 After acclimatization 
for 1 week, the mice were divided into 4 groups of 10 
each. Group 1 was normal control group fed on a 
normal diet with no intervention. The experimental 
groups 2, 3, and 4 were administered a single 
intraperitoneal injection of acetaminophen at a dose of 
300 mg/Kg12 on the 8th day. Hepatotoxicity was 
confirmed after one week (on day 15) in these groups by 
taking LFTs and comparing them with the control 
group. After confirmation, the disease control group 
mice (Group 2) continued normal diet, the group 3 mice 
received cholecalciferol at a dose of 1,000 IU/Kg13 and 
Group 4 mice received N-acetylcysteine 300 mg/Kg 
dissolved in 0.9% physiological saline solution10 for 2 
weeks.  Final sampling was performed via cardiac 
puncture on day 28. The blood was centrifuged at 5,000 
rpm, and serum was collected and stored at -9 ºC in 
Eppendorf tubes for ALT estimation.14 Student’s t-test 
was used to analyze individual parameters in the groups 
and p<0.05 was considered statistically significant. 

RESULTS 
Alanine transaminase levels were increased 
significantly (p<0.05) in groups 2, 3, and 4 compared 
to group 1 on day 15 (Table-1). 

On day 28 when different groups were 
compared, serum ALT levels decreased significantly in 
groups 3 and 4 mice compared to group 2. The values of 
groups 3 and 4 mice were almost equal to control mice 
(Figure-1). 

Mice in group 3 and 4 mice were compared 
using paired t-test and it was observed that group 3 mice 
that were treated with cholecalciferol showed a 
significantly more decrease in ALT levels as compared 
to N-acetylcysteine treated group 4 mice (Table-2) 

Table-1: ALT values of groups on days 0 and 15 of 
the experiment (Mean±SD) 

Groups ALT at day 0 ALT at day 15 p 
Group-1 44.6±2.1 44.3±1.91 
Group-2 45.1±1.98 162.3±1.67 <0.001 

Group-3 43.5±1.58 164.0±0.48 <0.001 
Group-4 44.8±1.67 160.8±2.11 <0.001 

Figure-1: ALT levels on days 0 and 28 

Table-2: ALT levels in groups 3 and 4 on day 28 
Group 3 Group 4 p 
54.0±0.48 69.8±2.11 0.001 

DISCUSSION 
Drug-induced liver injury is an unsolved health issue. 
Acetaminophen is a drug that most commonly induces 
hepatic damage at high doses due to the accumulation of 
its metabolites.14 High levels of ALT make important 
confirmation for evaluating the extent of liver damage 
experimentally.15 

In this study acetaminophen 300 mg/Kg was 
given intraperitoneally as a single injection which 
resulted in markedly high serum ALT levels in 
comparison to the control group. Munawar R et al14 also 
used acetaminophen in this way to induce 
hepatotoxicity. Kazemifar et al16 used one 800 mg/Kg 
oral dose of acetaminophen for induction of 
hepatotoxicity in rats, and they notified a marked 
increase in ALT and AST levels. This study is in 
harmony to another study17 that showed marked 
changes in LFTs due to the toxic liver effect of 
acetaminophen. 

Both Cholecalciferol and N-acetylcysteine 
have antioxidant potential and show hepatoprotective 
activity.18 Emphasis on cholecalciferol has been given in 
this study as it is a commonly used supplement. The 
comparison with N-acetylcysteine has been done 
because its hepatoprotective effects are well-
established.19,20 According to our findings, reversal of 
the hepatic damage in the mice was seen with the usage 
of both cholecalciferol and N-acetylcysteine. Targher G, 
et al21 determined the potential benefit of vitamin D3 
supplementation in reducing the development and 
progression of non-alcoholic fatty liver disease. 
Recently Zhai et al22 have observed the supplementation 
with cholecalciferol and calcitriol in patients with 
insulin resistance and with nonalcoholic fatty liver 
disease. Beneficial effects of vitamin D3 (1,25-
dihydroxycholecalciferol) on hepatotoxicity induced by 
thioacetamide (TAA) were studied in rats by Özdemir-
Kumral et al23 who concluded that vitamin D3 provided 
defence against liver harm in a rat model of TAA-
induced hepatotoxicity through inhibition of oxidative 
stress, inflammatory reaction and apoptosis. There was a 
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marked difference (p<0.05) in the mean ALT levels of 
groups 3 and 4, although both the groups showed a 
decrease in ALT levels compared to group 2 (p≤0.05).  

CONCLUSION 
Cholecalciferol is more efficacious than N-
acetylcysteine in reversing acetaminophen-induced 
acute liver injury in mice model. 

RECOMMENDATIONS 
The molecular mechanism responsible for reducing/ 
reversing acetaminophen-induced hepatotoxicity can be 
explored by further studies. Histopathology aspects of 
this reversal of hepatotoxicity should also be explored.  
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