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Abstract 

Background: Hepatitis is the most serious adverse effect of antitubercular therapy.
[1] 

Silymarin is used 

as a protective agent in acute and chronic liver disorders
[2]

. We aimed to evaluate the hepatoprotective 

activity of silymarin in patients receiving antitubercular therapy.  

Methods: After getting approval from the institutional human ethics committee and consent from the 

subjects, this randomized double-blinded placebo-controlled study was conducted. In this study, new 

cases of pulmonary tuberculosis were divided into two groups. Group 1 was assigned to receive silymarin 

and Group 2 received a placebo along with Category I antitubercular drugs. The outcome of interest 

were maximum liver enzymes at week 4 and 8 and the development of anti-TB DILI.  

Results: A total of 83 out of 92 expected numbers of patients were enrolled. There were 13/42 (31%) and 

30/41 (73.2%) patients who developed mild elevation of ALT as well as ALP in the silymarin and the 

placebo groups (p<0.001) respectively. The mean of ALT levels at week 8 in the silymarin and the 

placebo group was 29.83(12.7) IU/L and 49.21 (22.29) IU/L (p < 0.001). The mean of ALP levels at week 

4 in the silymarin and the placebo group was 58.95(18.43) IU/L and 70.70 (30.40) IU/L (p = 0.03). The 

mean of AST levels at week 8 in the silymarin and the placebo group was 28.35(12.35) IU/L and 36.70 

(14.41) IU/L (p = 0.007).   

Conclusion: Silymarin had an effect on reducing ALT, AST, and ALP levels (P<0.001), No serious 

adverse events were reported. Silymarin is a good choice for the improvement of the liver biochemical 

profile. Larger clinical trials are required to confirm the result of our study. 

Keywords: Tuberculosis, Drug-induced liver injury, Alanine transaminase, Aspartate transaminase, 

Alkaline phosphatase. 

 

Introduction 

Tuberculosis (TB), a disease caused by an 

infectious agent mycobacterium tuberculosis is the 

leading cause of death worldwide, surpassing even 

malaria and HIV. In the year 2016, WHO released 

a report in which it claimed that nearly 1.4 crore 

people develop active TB worldwide and around 

14 lakh people die every year.
[3],[4]

 For the past 60 

years, antibiotics have been implemented in the 

management of tuberculosis. The prerequisite for 
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four antibiotics to be administered for a period of 

six months imposes a risk of developing adverse 

effects i.e. gastric, hematological, neurological 

with hepatotoxicity being the potential side 

effect.
[5],[6],[7] 

The long duration of treatment along 

with the likelihood of adverse effects, affects 

patient compliance reducing the drug efficacy and 

eventually leading to the emergence of resistance 

against antitubercular drugs.
[7-11]

 Drug-induced 

liver injury (DILI) remains the most common 

adverse effect seen in 2-28% of the patients on the 

anti-tubercular drug regimen.
[11],[12] 

resulting in 

significant morbidity and mortality.
[13] 

DILI 

causes temporary interruption of anti-tubercular 

drugs. Treatment is resumed only when recovery 

is observed on liver function. Hence interventions 

that help in the normalization of liver function can 

be implemented. 

The DILI working group experts
[13]

 and DILIGEN 

study
[14]

 implement criteria based on ALP, 

bilirubin, and ALT to decide on the termination of 

ATT. Expert recommendation indicates treatment 

discontinuance if ALT when ALT>5xULN. ATS 

recommends termination if ALT is 3-5xULN and 

patients showing symptoms like nausea, vomiting, 

jaundice, and abdominal pain. Each advisory body 

provides recommendations for drug re-

introduction when liver transaminases have 

normalized. These either recommend sequential 

re-introduction along with incremental dose 

increase or re-introduction at full dose.
[14],[15]

 

Silymarin, a traditional herbal drug extracted from 

milk thistle (Silybum marinum) seeds, has been 

used as a supplement remedy for 

hepatoprotection. The main components of 

silymarin comprise silybin, silydianin, silychrisin, 

and isosilybin. All of these are derivatives of 

flavonols. Silymarin facilitates hepatoprotection 

through scavenging of free radicals, thereby 

reducing oxidative stress, restoring the function of 

antioxidative enzymes, and generating cell 

membrane stabilization. Silymarin is used as a 

protective agent in acute and chronic liver 

disorders. Silymarin 70mg/140mg Sugar Coated 

Tablet was approved in India for supportive 

treatment in chronic liver disease and cirrhosis by 

CDSCO. In animal models, silymarin showed a 

protective effect against the hepatotoxicity 

produced by antitubercular drugs.
[2]

 

The hepatoprotective effect of Silymarin in 

humans treated with antitubercular drugs has not 

been studied well enough. Hence we performed a 

study to evaluate the hepatoprotective effect of 

silymarin in patients receiving anti-tuberculosis 

treatment. 

 

Aims and Objectives 

Primary Objective 

 To evaluate the hepatoprotective activity of 

silymarin in patients receiving category1 anti-

tuberculosis treatment 

Secondary Objective 

 Any symptoms or sign related to silymarin 

drug causing adverse effects 

Tertiary Objective 

 To analyze the socio-economic characteristics 

of the study population 

 

Materials and Methods 

Study design: A prospective double-blinded 

placebo-controlled study was conducted to 

evaluate the hepatoprotective activity of silymarin 

in patients receiving anti-tuberculosis treatment. 

Study Location: This study was conducted in the 

TB & Chest medicine department of 

Dhanalakshmi Srinivasan medical college and 

hospital, a tertiary care teaching hospital under Dr. 

M.G.R Medical University, Peramabalur, 

Tamilnadu, India. 

Study Period: The study was conducted from 

January 2019 to January 2020. 

 

Sample Size: The sample size was calculated 

based on the comparison of mean serum alanine 

transaminase level between silymarin and 

placebo. The mean serum ALT was recorded in 

the previous study after receiving anti-tubercular 

treatment was 463 (SD = 69) IU/L. We believed 

that silymarin works properly, it should be 

possible to lower the serum ALT level of at least 
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10%. 70 subjects in total were required (35 for 

each treatment group) to detect the difference by 

using 80% power and 5% type I error. 

Considering the loss of a 10% follow-up a total of 

80 subjects were required. 

 

Inclusion Criteria: Patients who met the 

following criteria were enrolled in the study.  

1. Newly diagnosed pulmonary tuberculosis 

patients 

2. Age group between 18 to 60 years 

3. Both sexes  

4. Received category I anti-tubercular drugs 

5. Giving informed consent and willing to 

follow up 

 

Exclusion Criteria 

1. Patients with concomitant HIV, HBV, or 

HCV infection 

2. Preexisting liver disease,  

3. Abnormal liver function tests (LFT) prior to 

anti-tubercular treatment  

4. Pregnant and nursing mothers  

5. Diabetes mellitus 

6. Hypertension 

7. Patients receiving chronic medication 

 

Ethical Approval: The study protocol was 

approved by Institutional Ethics Committee 

(IECHS/DSMCH/102). It was carried out 

according to the Good Clinical Practice Guideline. 

 

Randomization and Blinding Methods: By 

implementing a computerized based 

randomization technique with a block at 10:10, 

the patients recruited for the analysis were 

allocated to groups by the statistician. The 

randomization list was enclosed in an opaque 

envelope. The patients eligible for the study 

would be assigned treatment accordingly by a 

research assistant. By this process, the research 

assistant, the doctor, and the patient would not 

know the specifics of the study drug. 

 

Study Procedure: Patients diagnosed with 

pulmonary tuberculosis started with category I 

antitubercular drugs according to their body 

weight. Patients were randomized to one of the 

two study groups, in a 1:1 ratio, in 10 blocks of 10 

each, using a computer-generated random number 

list. They took either Silybon 140 mg or Placebo 

twice daily after food, for 8 weeks along with 

Category I ATT drugs. Both study drugs were 

donated, on request, by Micro Labs Limited 

located at No 31, racecourse road, Bangalore. 

These were supplied as identical-appearing tablets 

packaged in airtight, screw cap containers suitable 

labeled as trial medication. The drugs were coded 

A or B. Capsule identity was not revealed to the 

patients or attending investigators. Allocation 

concealment was achieved using the serially 

numbered, opaque, sealed envelope technique. 

The randomization list and the code-breaking 

authority were retained by a senior 

pharmacologist not directly interacting with the 

participants. Patients were followed up at 4 and 8 

weeks from the start of the treatment. Group one 

was received Silymarin containing tablets 

(Silybon 140). Each Silybon 140 tablet contains 

dried extract of Silybum marianum equivalent to 

140 mg Silymarin. The second group has received 

a placebo. Study subjects were emphasized to 

make records when taking anti-tuberculosis and 

study drugs. The remaining pills were counted on 

the days of follow-up to check patient compliance 

and adherence. 

 

Outcome: Primary outcome of the study was to 

determine the LFT values in 4 and 8 weeks after 

treatment. The secondary outcome was the 

development of antitubercular drug-induced liver 

injury which was defined as  

1. Asymptomatic serum transaminase elevation 

to more than 5 times the upper limit of normal. 

2. Serum bilirubin level >1.5 g/dl  

3. Serum transaminase elevation in association 

with symptoms such as anorexia, nausea, 

vomiting, abdominal discomfort, and 

increased fatigability 
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4. Any rise in liver enzymes less than the 

mentioned cut-off as “mild elevation of LFT”. 

 

Statistical Analysis 

Data were entered in Microsoft Excel and data 

analysis was done using Statistical Package for 

Social Science (SPSS) 16 software. Data were 

analyzed based on the intention to treat analysis 

approach. Mean and Standard Deviation (SD) 

were derived for continuous data and frequency 

for categorical data. Descriptive statistics, 

percentages were used for analysis. Paired, 

unpaired T-test was used to compare quantitative 

variables within and between the groups 

respectively.  p-value of 0.05 was taken as 

statistically significant. 

 

 
Fig.1.Flow chart- Study procedure 

 

Results  

In this study, 92 patients were enrolled with 46 

patients in each group. 2 patients in group 1 

(silymarin group) and 3 patients in group 2 

(placebo group), were not completing a single 

follow-up visit. 2 patients in group 1 and 2 

patients in group 2 were not taking drugs properly. 

These patients were excluded from the study and 

the remaining patients were followed up for 8 

weeks. Thus, 42 patients in group 1 (silymarin 

group) and 41 patients in group 2 (placebo group) 

completed the study entirely. 

The demographic details of the patients in each 

group are shown in the table 
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Table.1. Baseline Characteristics 

S. No 
Baseline 

Characteristics 

Group I 

(silymarin) 

(n=42) 

Mean ± S.D 

Group II 

(Placebo) 

(n=41) 

Mean ± S.D 

p-value 

1. Age (Years) 44.47 ± 10.73 45.29 ± 12.46 0.75 

2. Sex 
Female (14) (33.3%) Female (12) (29.3%) 

0.81 
Male     (28) (66.7%) Male     (29) (70.7%) 

3. Height (cm) 162.64 ± 6.55 163.78 ± 6.89 0.44 

4. Weight (kg) 43.85 ± 6.66 46.97 ± 8.22 0.06 

5. BMI 16.55 ± 2.04 17.47 ± 2.30 0.058 

6. 

Socio-economic status 

 

Modified 

Kuppuswamy 

scale 

Upper class - nil Upper class - nil 

0.737 

Upper middle (4) (9.5%) Upper middle (5) (12.2%) 

Lower middle (20) 

(47.6%) 
Lower middle (16) (39%) 

Upper lower (18) (42.9%) Upper lower (20) (48.8%) 

 

In this study, There was no significant difference 

seen in the age, BMI, and socio-economic status 

of the patients between two groups. Both groups 

were comparable in terms of age, gender, BMI, 

and socioeconomic status. 

 

Table 2. Baseline LFT Values 

Parameters 

Group 1 

(Silymarin) 

(n=42) 

Mean ± S.D 

Group 2 

(Placebo) 

(n=41) 

Mean ± S.D 

p-value 

Indirect bilirubin 0.37 ± 0.14 0.34 ± 0.15 0.361 

Direct bilirubin 0.22 ± 0.09 0.27 ± 0.08 0.216 

Total bilirubin 0.59 ± 0.17 0.54 ± 0.19 0.190 

Alanine transaminase 19.19 ± 7.21 19.09 ± 5.35 0.947 

Aspartate transaminase 20.35 ± 6.93 21.95 ± 7.31 0.311 

Alkaline phosphatase 45.07 ± 8.60 44.73 ± 10.83 0.311 

 

Table 3. LFT Values at 4 Weeks 

Parameters 

Group 1 

(Silymarin) 

(n=42) 

Mean ± S.D 

Group 2 

(Placebo) 

(n=41) 

Mean ± S.D 

p-value 

Indirect bilirubin 0.47 ± 0.15 0.49 ± 0.16 0.361 

Direct bilirubin 0.24 ± 0.09 0.27 ± 0.09 0.209 

Total bilirubin 0.71 ± 0.18 0.76 ± 0.20 0.273 

Alanine transaminase 38 ± 13.05 56.29 ± 23.13 <0.001 

Aspartate transaminase 29.5 ± 13.77 35.17 ± 14.41 0.07 

Alkaline phosphatase 58.95 ± 18.43 70.70 ± 30.4 0.03 

 

Table 4. LFT Values at 8 Weeks 

Parameters 
Group 1 

(Silymarin) 

Group 2 

(Placebo) 
P value 

Indirect bilirubin 0.47 ± 0.14 0.50 ± 0.17 0.417 

Direct bilirubin 0.25 ± 0.10 0.26 ± 0.11 0.641 

Total bilirubin 0.72 ± 0.20 0.76 ± 0.23 0.363 

Alanine transaminase 29.83 ± 12.7 49.21 ± 22.29 <0.001 

Aspartate transaminase 28.35 ± 12.35 36.70 ± 14.41 .007 

Alkaline phosphatase 54.83 ± 16.51 65.65 ± 31.10 .053 
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Indirect Bilirubin 

 
Fig.2.Indirect bilirubin levels 

 

Direct Bilirubin 

 
Fig.3.Direct bilirubin levels
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Total Bilirubin  

 

Fig.4. Total bilirubin values 

 

 

Alanine Transaminase 

 

Fig.5.Alanine transaminase levels 
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Aspartate  Transaminase 

 
Fig.6. Aspartate transaminase levels 

 

Alkaline Phosphatase 

 
Fig.7. Alkaline phosphatase values 

 

Table. 5. Liver Enzymes Grading at the End of 8
th

 Week 

Alanine transaminase Group 1 Group 2 P-value 

With in Normal Limits 29(69%) 11(26.8%) 
<.001 

Mild Elevation 13(31%) 30(73.2%) 

The difference observed between the two groups at the end of the 8
th

 week (p-value <.000) is significant. 

 

Aspartate transaminase Group 1 Group 2 P-value 

With in Normal Limits 27(64.3%) 19(46.3%) 
0.1 

Mild Elevation  15(35.7%) 22(53.7%) 

The difference observed between the two groups at the end of the 8
th

 week (p-value 0.1) is not significant. 
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Alkaline Phosphatase Group 1 Group 2 P-value 

With in normal limits 29(69%) 11(26.8%) 
<0.001 

Mild elevation  13(31%) 30(73.2%) 

 

The difference observed between the two groups at the end of the 8
th

 week (p-value <.000) is significant. 

 

Table. 6. Adverse Effects Reported on 4
th

 Week 

S.No Adverse effects 
Group 1 

(n=42) 
Group 2 (n=41) p value 

1.  Nausea 17 (40.5%) 31 (75.6%) 0.002 

2.  Vomiting 17 (40.5%) 21 (51.2%) 0.223 

3.  Abdominal pain 13 (31%) 11 (26.8%) 0.810 

4.  Yellow sclera 4    (9.5%) 5   (12.2%) 0.738 

5.  Vertigo 1   (2.4%) 3   (7.3%) 0.60 

 

Table.7. Adverse Effects Reported on  8
th

 Week 

S.No Adverse effects 
Group 1 

(n=42) 

Group 2 

(n=41) 
p value 

1 Nausea 15 (35.7%) 31 (75.6%) <0.001 

 2 Vomiting 10 (23.9%) 12 (29.2%) 0.614 

3 Abdominal pain 9 (21.4%) 5 (12.1%) 0.204 

4 Yellow sclera 2 (4.8%) 4 (9.7%) 0.433 

6 Vertigo 0 2 (4.9%) 0.241 

 

Discussion 

This is the first double-blinded randomized 

controlled study, from a tertiary care center in 

India which was planned to evaluate the 

hepatoprotective activity of silymarin in newly 

diagnosed pulmonary tuberculosis patients 

receiving category1 anti-tuberculosis treatment. 

The major complication of anti-tubercular 

treatment (ATT) is drug-induced liver injury 

(DILI). Approximately 10-25% of people develop 

abnormalities in liver function tests (LFTs).
[1]

. 

The anti-oxidant property of silymarin plays a 

major role in protecting the liver.
[1]

 

A study conducted by Lee et al showed that, out 

of 1,031 patients, 108 patients (10.5%) developed 

drug-induced hepatotoxicity within 30 days. 

Among these 108 patients, Twenty-eight patients 

(25.9%) developed antituberculous drug-induced 

hepatotoxicity within 7 days, 73 (67.6%) within 

30 days
[17]

. In our study, silymarin was added 

during the first 2 months because the incidence of 

DILI is very common within 4 weeks. 

In our study, the maximum number of patients 

belonged to the age group of 40 - 60 years 

(67.5%). In a study conducted by Singla et al, it 

was found that patients older than 35 years are at 

4 times increased risk to develop TB DILI.
[16] 

In 

our study, the male gender is predominant. There 

were 57 (68.7%) male patients in the study 

population. 28 males (66.7%), 14 females (33.3%) 

in silymarin group and 29 males (70.7%), 12 

females (29.3%) in placebo group. 

Devarbhavi et al conducted a study at St John’s 

Medical College Hospital reported that out of the 

313 cases, there were 183 males (58 % ) and 130 

females (42 % )- a finding similar to our study 

outcome
[18]

. 

Poverty and low BMI are the most important risk 

factors for the development of tuberculosis.
[19] 

In 

our study, 67 patients (80.7%) were underweight 

category with BMI less than 18.5.16 patients 

(19.3%) were under the normal BMI (18.5 – 25) 

category. None of the patients had BMI (>25) 

over the normal range. The socioeconomic status 

was determined by the modified kuppuswamy 

scale. 36 patients (43.4%) belong to the lower 

middle class and 38 patients (45.8%) belong to the 

lower class category. The difference between the 
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baseline characteristics of the two groups was not 

significant. 

Our study shows the difference between the mean 

indirect bilirubin, direct bilirubin, and total 

bilirubin levels in the silymarin group and placebo 

group at baseline, 4 weeks, and 8 weeks was not 

significant. In a prospective, randomized, double-

blind, and placebo-controlled study conducted by 

Heo et al, it was reported that the difference 

between the mean indirect bilirubin, direct 

bilirubin, and total bilirubin levels in the silymarin 

group and placebo group was not significant, a 

finding similar to our study
[20]

. 

In this study, the difference in mean alanine 

transaminase level in the silymarin group and the 

placebo group at baseline was not statistically 

significant. At the end of 4
th

 week, the mean 

alanine transaminase level in the silymarin group 

was 38.0 (±13.05) and the placebo group was 

56.29 (±23.13). The difference observed between 

the two groups at the end of the 4
th

 week was 

statistically significant (p-value <0.001). At the 

end of the 8
th

 week, the mean alanine 

transaminase level in the silymarin group was 

29.83 (±12.70) and the placebo group was 

49.21(±22.29). The difference observed between 

the two groups at the end of the 8
th

 week was 

statistically significant (p-value <0.001). In a 

meta-analysis conducted by Leo et al, silymarin 

significantly decreased ALT levels compared with 

placebo groups after 4 weeks of treatment (P 

=0.003), an outcome similar to our study.
[21]

 

The difference in mean aspartate transaminase 

level in the silymarin group and the placebo group 

at baseline and at 4 weeks was not statistically 

significant. At the end of the 8
th

 week, the mean 

aspartate transaminase level in the silymarin 

group was 28.35 (±12.35) and the placebo group 

was 36.70 (±14.41). The difference observed 

between the two groups was statistically 

significant (p-value =0.007) in our study. In 

another study, silymarin significantly decreased 

AST levels compared with placebo groups after 8 

weeks of treatment (P =0.008), an outcome 

similar to our study.
[21]

 

In our study, the difference in mean alkaline 

phosphatase level in the silymarin group and the 

placebo group at baseline and at 8 weeks was not 

statistically significant. At the end of 4
th

 week, the 

mean alkaline phosphatase level in the silymarin 

group was 58.95 (±18.43) and the placebo group 

was 70.70 (±30.48). The difference observed 

between the two groups was statistically 

significant (p-value =0.03). In a meta-analysis 

conducted by Leo et al, silymarin significantly 

decreased alkaline phosphatase levels compared 

with placebo groups.
[21] 

The adverse reactions seen in both the groups 

were only mild and most of them were 

gastrointestinal related symptoms like nausea, 

vomiting, and gastritis. These adverse events are 

not specific to silymarin and could occur with anti 

TB drugs also 

 

Limitations 

This study was done in newly diagnosed 

pulmonary tuberculosis. The inclusion of patients 

with extrapulmonary tuberculosis and complicated 

TB patients would have added more value to this 

study. Limitations of biomarkers measured in the 

study – The other potential biomarkers to evaluate 

the mechanisms of the action of study medications 

were not measured in the present study. These 

biomarkers include glutathione peroxidase, 

superoxide dismutase. They were not measured 

due to technical constraints. The dose of silymarin 

is 140 mg twice a day. The dose of silymarin was 

not increased beyond 140 mg twice a day due to 

the expected non-compliance of increased 

gastrointestinal adverse events. Hence further 

studies with the maximum dose of silymarin may 

be required to confirm its hepatoprotective effects. 

 

Conclusion 

Drug-induced liver injury frequently occurs in 

patients on antitubercular drugs. Therefore it is 

crucial to prevent the incidence of anti-TB DILI 

as it affects drug compliance and eventually the 

therapeutic effectiveness. Our study indicated that 

silymarin produced a notable protective action 
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against the hepatotoxicity induced by 

antitubercular drugs as it significantly reduced 

ALT levels at weeks 4 and 8. It also reduced the  

AST levels at week 4 and ALP levels at 8 weeks. 

Silymarin also had a good safety profile barring 

minor adverse effects which required only 

supportive treatment. However, larger and better-

designed clinical trials are needed to confirm the 

outcome of our study before silymarin can be 

recommended safely to prevent antitubercular 

drug-induced liver injury. 
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