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Background: Hepatotoxicity is the gravest concern associated with use of anti-tuberculous drugs. The 
objective of this study was to evaluate the individual and combined hepatoprotective effect of silymarin 
and cholecalciferol in isoniazid induced hepatotoxicity. Methods: This animal experimental study was 
conducted at the Department of Pharmacology & Therapeutics, and Multidisciplinary Research 
Laboratory, Islamic International Medical College, in collaboration with National Institute of Health, 
Islamabad, Pakistan. Fifty adult Balb-C mice were included in this study. They were distributed into 5 
groups. Each group contained 10 mice. Group 1 was normal control, Group 2 disease control, and 
Group 3, 4, and 5 were experimental groups. Except Group 1, all other groups were given isoniazid 
(150 mg/Kg) and only Group 2 was not fed with any drugs. Group 3 received silymarin (50 mg/Kg 
dissolved in physiological saline) through intragastric gavage for 28 days. Group 4 was given Vitamin 
D (1,000 IU/Kg) for 28 days. Group 5 was given isoniazid (150 mg/Kg) along with silymarin and 
Vitamin D for 28 days. Serum ALT and bilirubin levels were estimated on day 0, 14, and 28. Results: 
As compared to Group 2, Group 3 to Group 5 showed a lower rise in serum ALT and bilirubin 
(p<0.001). Group 4 and 5 showed significantly reduced biochemical markers (ALT and bilirubin) 
(p=0.001). Conclusion: Silymarin and cholecalciferol effectively and synergistically ameliorate 
hepatotoxicity induced by isoniazid. Silymarin offers better hepatoprotection than cholecalciferol in 
isoniazid induced hepatotoxicity.  
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INTRODUCTION 
Tuberculosis (TB) is a leading cause of mortality and 
morbidity all over the world. Among the countries with 
the highest burden of TB, Pakistan is ranked 5th.1 Multi-
drug resistant (MDR) tuberculosis is one of the greatest 
challenges faced, and an incidence of 342 per 100,000 
population has been recorded in Pakistan.2 

Hepatotoxicity is the gravest concern 
associated with anti-tuberculous drug usage. They 
remain the leading cause of idiosyncratic hepatotoxicity 
worldwide. Factors that determine the development of 
hepatotoxicity depend on the drug regimen used, 
properties of the cohort under study and the threshold 
used to define hepatotoxicity along with its reporting 
and monitoring methodology.3 Hepatotoxicity 
secondary to anti-TB drugs has been reported in 5–28% 
of people treated with anti-TB drugs. Standard treatment 
of TB is a combination regimen consisting of isoniazid, 
rifampin, pyrazinamide and ethambutol. The first three 
drugs are known hepatotoxic agents and drug induced 
liver injury (DILI) is the most serious adverse effect 
seen in patients taking anti-TB treatment (ATT).4 Anti-
TB drug induced hepatotoxicity has been defined by the 
Japanese Society of TB based on levels of serum 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and total bilirubin values. DILI 
is defined as elevation of peak serum aspartate 

aminotransferase (AST) and/or alanine aminotransferase 
(ALT) of more than twice the upper limit of normal.5 
Even though the global incidence of tuberculosis is on 
the decline, the global disease burden is still 
considerable (~9 million cases and ~1.5 million deaths 
in 2018), incidence of tuberculosis and drug resistance 
are rising in some parts of the world like Africa.3  

Isoniazid and pyrazinamide are well-known 
hepatotoxic drugs often used in combination. 
Pyrazinamide (PZA) induces serious liver injury, but the 
exact mechanism of PZA-induced hepatotoxicity 
remains controversial. Endoplasmic reticulum stress-
caused cell apoptosis plays a critical role in the 
development of DILI.6 Isoniazid is metabolized by N-
acetyltransferase 2 (NAT-2) to acetylhydrazine and 
diacetylhydrazine.7 Diacetylhydrazine is nontoxic and is 
readily eliminated from the body.8 Vitamin D, 
specifically the biologically active vitamin D metabolite 
1, 25-dihydroxyvitamin D [Calcitriol: 1, 25 (OH)2D], is 
known to exert important physiological effects in 
addition to well-known effects on calcium metabolism. 
Relation of Vitamin D to the severity of liver disease has 
been reported among liver disorders other than ATT-
Liver Disease.9 Patients with non-alcoholic 
steatohepatitis (NASH) have significantly lower levels 
of Vitamin D. In addition, Vitamin D deficiency is 
associated with the histopathological severity of 
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NASH.10 Animal studies demonstrate that elevated level 
of Vitamin D using phototherapy results in lower 
severity of non-alcoholic fatty liver disease as indicated 
by less necroinflammation, fibrosis, and apoptosis.11 

Silymarin, a flavonoid from ‘milk thistle’ 
(Silybum marianum) plant is used almost exclusively for 
hepatoprotection. Silymarin manifests hepatoprotection 
by scavenging free radicals, raising the glutathione 
content, inhibiting lipid peroxidation, and restoring the 
function of enzymes, thereby generating membrane 
stabilization and preventing toxic metabolic liver 
injury.12 Cholecalciferol is a readily available and 
essential vitamin involved in a number of physiological 
processes. It has shown to exert hepatoprotective effects. 
Experimental models showed that Vitamin D stops the 
proliferation of main hepatic stellate cells, decreases 
expression of collagen, and halts thioacetamide-induced 
fibrosis in liver.10 According to Hasanain et al13, patients 
given adjuvant cholecalciferol supplement showed 
significantly decreased incidence of ATT-Liver Disease 
as opposed to those without the supplementation (13.3 
vs 5.3%, p=0.001). The current study compared the 
effects of vitamin D with a known hepatoprotective 
agent silymarin. It also aimed to see if a combination of 
silymarin and vitamin D has synergistic effects. 

MATERIAL AND METHODS 
This study was performed from Sep 2020 to Aug 2021 
in the Department of Pharmacology, Islamic 
International Medical College after getting approval 
from the Institutional Review Committee (Approval No. 
Riphah/IRC/20/247). This study was conducted on a 
total of 50 male albino Balb/C mice divided into 5 
groups each having 10 mice. Sample size was calculated 
using Resource Equation method.14 Mice included in 
study had approximately 30–50 g weight and normal 
LFTs pre-intervention.15 

Mice were placed in well-aerated cages for 
acclimatization, at room temperature of 22±2 °C, and a 
12-hour light/dark cycle was maintained. Group 1, the 
control group, consumed a normal diet and tap water 
throughout the experiment while group 2, 3, 4, and 5 
were given isoniazid in dose of 150 mg/Kg. Group 3 
received silymarin also in a dose of 50 mg/Kg dissolved 
in 0.9% physiological saline solution.15,16 Group 4 
received vitamin D 1,000 IU/Kg for 28 days.18 Group 5 
received both isoniazid and vitamin D in the 
aforementioned doses along with silymarin for 28 days. 
On day 0, blood samples were taken for a baseline 
evaluation, and on day 14, a second sampling was done 
for the confirmation of hepatotoxicity in groups 2, 3, 
and 4. The final sampling took place on day 28 of the 
experiment.16 BALB/C mice were chosen because the 
characteristics that these mice possess make them an 
ideal model for hepatotoxicity studies. Parameters like 
includes induction of injury to the liver in a huge 

percentage of these mice, low cost of the animal, as well 
as easy management.17 

ALT and serum bilirubin levels were 
estimated. Serum ALT was estimated by IFCC method. 
Total bilirubin was estimated according to Calorimetric 
method. The statistical analysis was done on SPSS-24. 
Values were expressed as Mean±SD. The statistical 
significance of the differences of various quantitative 
changes between the experimental and control groups 
were evaluated using one-way ANOVA followed by 
Tukey’s Honestly Significant Difference post hoc test 
for multiple comparisons. The difference was regarded 
statistically significant at p≤0.05. 

RESULTS 
Table-1 and 2 show comparison of mean differences of 
the groups. The results of group 3, 4, and 5 were 
compared to group 2. In silymarin plus cholecalciferol 
treated group 5, there were substantially low levels of 
ALT and billirubin as compared to group 2, the disease 
control group. The results also imply that the 
synergistic effect of silymarin plus cholecaciferol as a 
treatment tool for hepatotoxicity is greater than the 
effect of each drug individually in groups 3 and 4 
respectively. The significant results are presented and 
compared with other groups in the Tables below. 

Table-1: Post-Hoc Tukey test showing comparison 
of ALT between groups on day 28 

Groups Mean difference p 
1 vs 2 119.33 0.000* 
1 vs 3 27.33 0.000* 
1 vs 4 33.16 0.001* 
1 vs 5 19.83 0.965 
2 vs 3 92.0 0.000* 
2 vs 4 92.0 0.001* 
2 vs 5 86.16 0.000* 
3 vs 4 99.5 0.764 
3 vs 5 5.8 0.000* 
4 vs 5 13.33 0.006* 

*Significant 

Table-2: Post-Hoc Tukey test showing comparison 
of bilirubin between groups on day 28 

Groups Mean difference p 
1 vs 2 0.09 0.000* 
1 vs 3 0.093 0.000* 
1 vs 4 0.093 0.001* 
1 vs 5 0.093 0.867 
2 vs 3 0.093 0.000* 
2 vs 4 0.093 0.001* 
2 vs 5 0.093 0.000* 
3 vs 4 0.093 0.564 
3 vs 5 0.093 0.000* 
4 vs 5 0.093 0.006* 

*Significant 

DISCUSSION 
The use of silymarin 100 mg/Kg alone in group 3 and in 
combination with cholecalciferol in group 5 resulted in 
prevention of hepatic damage in the mice. This 
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protective effect was due to its membrane stabilizing 
function, which keeps intracellular enzymes from 
leaking out. Because of its antioxidant qualities, it also 
stimulates phase 2 detoxification pathways. There was a 
significant difference in the ALT and bilirubin levels 
between the disease control group 2 and the groups 3 
and 5 which received silymarin. These findings are 
consistent with the study findings of Nasim Ilyas et al16 
who demonstrated hepatoprotective effects of silymarin 
and garlic on isoniazid induced hepatotoxicity. 

The decreased levels of ALT and bilirubin of 
group 3 in our study are supported by Sude Emnizade et 
al19 who showed that silymarin protects the liver against 
toxic effects of anti-tuberculosis drugs. They found that 
silymarin played a hepatoprotective role in 
hepatotoxicity induced by anti-tuberculous drugs such as 
isoniazid, rifampicin and pyrazinamide. This effect was 
demonstrated in a manner similar to our study, with a fall 
in ALT and bilirubin levels. 

Our study showed that silymarin has superior 
activity in protecting liver against DILI as compared to 
Vitamin D, as shown by the lower levels of ALT and 
Bilirubin in group 3 in comparison to group 4. These 
findings are supported by the findings of Chote 
Luangchosiri et al21 who conducted a double-blinded 
randomized controlled trial of silymarin for the 
prevention of anti-tuberculosis drug-induced liver 
injury and concluded that silymarin played a protective 
role demonstrated by lowered ALT levels. Our study 
shows hepatoprotective effects of silymarin by a fall in 
ALT and bilirubin levels which was also seen by 
Reddy MK et al22. Their study was based on 
comparing the hepatoprotective effects of silymarin 
and rutin.  

Our findings in group 4 demonstrated that 
Vitamin D played a hepatoprotective role in INH 
induced hepatic insult. It also demonstrates that a 
combination of silymarin and Vitamin D as 
administered in group 5 is superior in hepatoprotective 
effects as compared to either silymarin or Vitamin D 
alone. This finding was supported by a fall in both ALT 
and bilirubin levels. Therefore these two compounds 
have a synergistic effect on hepatoprotection (p=0.006) 
to support these findings we can look at the study 
conducted by Hasnain AF et al13. It showed that 
cholecalciferol played a hepatoprotective role in patients 
given standard anti-tuberculosis therapy. They found 
that patients who were given concurrent Vitamin D with 
ATT therapy had significantly lower levels of 
aminotransferases as opposed to patients who received 
ATT alone, especially for ALT. 

Wang YQ et al20 recently conducted a study on 
the deleterious effects of Vitamin D deficiency on 
acetaminophen exposed mice. Their study concluded 
that APAP-induced elevations in ALT and AST were 
exacerbated in mice fed Vitamin D deficient diet. 

APAP-induced liver necrosis was exacerbated in mice 
that were fed Vitamin D deficient diet as well. These 
findings were proved using parameters similar to ours, 
namely serum ALT and bilirubin examination. 

CONCLUSION 
Silymarin and cholecalciferol effectively and 
synergistically ameliorate hepatotoxicity induced by 
isoniazid. Silymarin offers better hepatoprotection than 
cholecalciferol in isoniazid induced hepatotoxicity. 

RECOMMENDATIONS 
Our study is small scale study which involved only 50 
mice. Study does not include total protein level, 
coagulation profile and prothrombin activity. AST level 
and oxidative stress is not measured in this study. These 
parameters could not be delved into because of cost and 
time limitation. 
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