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ABSTRACT 

Tuberculosis is the leading cause of major morbidities and mortalities around the globe. One in every three persons suffers from 
tubercular infection in their lifetime. Antitubercular therapy-induced hepatitis occurs due to toxicity from the primary compound, 
metabolite, or an immunologically mediated response. Risk factors associated with hepatotoxicity are age, sex, low BMI, 
hypoalbuminemia, alcohol consumption, HIV, hepatitis B, and C.  There are 6 major pathways by which anti-TB drugs are involved in 
hepatotoxicity including hampering of intracellular calcium homeostasis, derangement of actin fibril assembly that occurs next to the 
canaliculus, the drug binds to the heme-containing cytochrome p-450 and forms enzyme-drug adduct and produces an immune 
response, The enzyme- drug addict when gets incorporated to vesicle acts as antigen for the production antibodies, some drugs also 
inhibit the β oxidation and respiration and hence reduction in ATP production hence damaging cell and mitochondrial DNA, and some 
directly leads to apoptosis. Isoniazid is being metabolized to acetyl-isoniazid followed by hydrolysis to acetyl hydrazine via cytochrome 
P450 enzyme which produces toxic metabolites responsible for hepatotoxicity. Rifampicin activates the cytochrome enzyme and 
hence stimulates the production of harmful toxic materials leading to ATT-induced hepatotoxicity. It is the duty of the he pharmacist 
/ medical staff has to provide the patient with adequate education about diseases and to inform them about their therapy regarding 
possible side effects and side effects. Pharmacists / medical staff must also train patients to comply with medication.  

Keywords: ATT- Anti-Tubercular therapy, TB- Tuberculosis, ALT- Alanine amino transferase, AST- Aspartate amino transferase, ALP- 
Alkaline phosphatase. 
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INTRODUCTION 

uberculosis is the leading cause of major morbidities 
and mortalities around the globe. One in every three 
persons suffers from tubercular infection in their 

lifetime. An estimated 9.6 million people suffered from TB 
and 1.5 million people died from the disease including 1.1 
million HIV-negative persons and 400,000 HIV patients 1. 

 Tuberculosis is an infectious bacterial droplet infection 
caused by Mycobacterium tuberculosis. The infected 
individual experiences cough with sputum and blood at 
times, chest pain, weakness, weight loss, night sweat, and 
fever 2. 

 Anti-tubercular therapy-induced hepatitis 

The First line anti-tubercular agents like Isoniazid (H), 
Rifampicin (R), Pyrazinamide (Z), except Ethambutol (E) are 
hepatotoxic. The order of severity of hepatotoxicity caused 
by antitubercular therapy is Pyrazinamide (9%) > Isoniazid 
(3%) > Rifampicin (1%) 3. Hepatotoxicity is the most serious 

side effect of tuberculosis therapy4. Isoniazid shows 
elevations in transaminases levels in 10-20% of patients 
while precipitating hepatitis in 1% of patients 5. Isoniazid-
induced hepatitis is fatal in 8-10% of patients and is 
diagnosed with jaundice. Hepatotoxicity can occur due to 
Parent drug, drug metabolite or hypersensitivity reaction 
due to drug 6, 7. 

Antitubercular therapy-induced hepatitis occurs due to 
toxicity from the primary compound, metabolite, or an 
immunologically mediated response. Risk factors 
associated with hepatotoxicity are age, sex, low BMI, 
hypoalbuminemia, alcohol consumption, HIV Hepatitis B 
and C 8, 9. 

The time of onset of acute injury ranges from days to 
months after initiating a drug. Hepatotoxicity is presented 
with abnormalities of liver tests that include an increase in 
alanine aminotransferase (ALT), Alkaline Phosphatase 
(ALP), Bilirubin more than twice as normal 10, 11, 12. 

Stages of liver injury as per Chinese medical association 13 

The patient is categorized based on R-value  

R-value is calculation 

Alanine Aminotransferase (ALT)/upper limit of normal 
(ULN) divided by alkaline Phosphatase 

𝑅 = {
𝐴𝐿𝑇

𝑈𝐿𝑁
} /𝐴𝐿𝑃 
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Hepatocellular injury, ALT ×ULN divided by ALT/ALP >=5; 

𝐻𝑒𝑝𝑎𝑡𝑜𝑐𝑒𝑙𝑙𝑢𝑙𝑎𝑟 𝑖𝑛𝑗𝑢𝑟𝑦 =
{𝐴𝐿𝑇 ∗ 𝑈𝐿𝑁}

{
𝐴𝐿𝑇
𝐴𝐿𝑃

}
= ≥ 5 

Cholestatic injury, ALP×ULN divided by ALT/ALP <2; 

𝐶ℎ𝑜𝑙𝑒𝑠𝑡𝑎𝑡𝑖𝑐 𝑖𝑛𝑗𝑢𝑟𝑦 =
{𝐴𝐿𝑃 ∗ 𝑈𝐿𝑁}

{
𝐴𝐿𝑇
𝐴𝐿𝑃

}
< 2 

Hepatocellular-cholestatic mixed injury, ALT×ULN, 
ALP×ULN divided by ALT/ALP is   between 2 to 5. 

Classification based on severity of drug-induced hepatic 
injury as per American    grading scale.  

Based on severity, Drug-induced Liver Injury is classified 
into five Grades 14-17 

Grade 1 (mild liver injury) 

The serum level of alanine transferase or alkaline 
phosphatase in patient is elevated, but total bilirubin (TBIL) 
<2.5 ULN (2.5 mg/dl or 42.75 mol/L) without coagulation 
dysfunction (International normalized ratio (R factor) 
<1.5); 

Grade 2 (moderate liver injury) 

Increased serum levels of alanine transferase or alkaline 
phosphatase, and TBIL >= 2.5 ULN or coagulation 
dysfunction (R factor >=1.5) despite lack of 
hyperbilirubinemia. 

Grade 3 (severe liver injury) 

Elevation in serum amino transferase and/or alkaline 
phosphatase, TBIL >=5ULN (5 mg/dl or 85.5 mol/L), with or 
without R factor >=1.5 and require hospitalization for drug-
induced liver injury (or prolonged hospitalization); 

Grade 4 (acute liver failure) 

Abnormality in the coagulation is denoted by R factor 
>=1.5 or PTA (prothrombin activity) <40%, hepatic 
encephalopathy, and TBIL >=10 ULN (10 mg/dl or 171 
lmol/L) or daily increase by 1.0 mg/dl (17.1 mol/L) in 26 
weeks after the onset of Drug-Induced Liver Injury. There 
may be an accumulation of fluid in the peritoneal cavity 
which may lead to pain, inflammation or both. Drug-
Induced Liver Injury also leads to organ dysfunction. 

Grade 5 (fatal) 

It is the condition of liver dysfunctioning or liver failure 
hence there is a need for a liver transplant for survival 
Grade I grade II and grade III liver injuries are successfully 
treated with any operative measures or Non-Operative 
Management (NOM) but Grade IV and Grade V require 
operative management. 

Epidemiology 

The incidence of drug-induced hepatitis during multidrug 
resistance therapy for tuberculosis is 2% to 28% 18, 19.  An 
analysis of pooled data from four prospective Indian 

studies 20, 21 shows that the calculated hepatitis risk is 
between 11 and 5%. A meta-analysis of 14 studies 
published in the West found a risk of 4% to 28%. The 
reasons for this higher incidence of hepatotoxic reactions 
in India are unclear 22 23. 

MATERIALS AND METHODS 

Pathophysiology of Drug Induced Hepatotoxicity 

Intracellular calcium homeostasis hampering deranges the 
actin-fibril assembly at the hepatocyte surface and this 
forms blebs on the cell membrane ultimately rupturing 
them 24, 25. Fig: 1 A 

Actin-fibril assembly arrangement is disturbed and may 
occur next to canaliculus in patients with the cholestatic 
disease. This disruption of assembly can cause interruption 
of the MRP-3 transport pump which in turn prevents 
bilirubin and other organic compounds excretion. Toxic 
substances like bilirubin and bile are accumulated in liver 
cells rendering the liver injury 26. Fig: 1 B 

The enzyme cytochrome P-450 in the endoplasmic 
reticulum contains heme that binds to the drug-producing 
drug-enzyme adduct. This adduct creates an immune 
response when it binds to the cell membrane and damages 
the liver 27. Fig: 1 C 

The enzyme-drug adduct enters the vesicle and creates an 
immune response to activate cytolytic T cells and 
cytokines, ultimately destroying the entire liver cell 27. Fig:1 
D 

The drugs also inhibit β-oxidation and respiration, which 
leads to decreased ATP production. This leads to anaerobic 
respiration in liver cells and decreases the metabolism of 
fatty acids, lactate and reactive oxygen species. Ultimately, 
lactate builds up in cells and reactive oxygen species, 
destroying DNA and cells 28. Fig:1 E 

The drug acts as a reactive metabolite and this leads to the 
binding of TNF-α, and Fas at TNF- α and the Fas receptor 
and thus activates caspase enzymes and ultimately leads 
to apoptosis of liver cells 29. Fig:1 F 

Isoniazid induced hepatotoxicity 

Isoniazid is the principal accused drug in anti-tuberculosis 
drug prompted hepatotoxicity. It is observed that 10%-
20% of sufferers develop moderate hepatic disorder 
throughout the preliminary 4-6 months of therapy with a 
boom in ALT, AST and bilirubin concentrations. If the drug 
is continued after the onset of the symptoms, the 
frequency that is responsible for 6-12% mortality is 15%-
36% 30. 

Isoniazid is metabolized to acetyl isoniazid in the presence 
of N-acetyltransferase (NAT) when subjected to Phase 1 
toxification. This step is followed by hydrolysis to mono 
acetyl hydrazine (MAH) 31. 

Monoacetylhydrazine is oxidized in the presence of the 
microsomal enzyme cytochrome P4502E1 to acetyl 
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hydrazine, which is ultimately oxidized to hepatotoxins, 
which leads to cell necrosis or apoptosis 32, 33. 

In the presence of N-acetyltransferase-2 (NAT-2), acetyl 
hydrazine is acetylated to diacetyl hydrazine, which is non-
toxic, and this is phase 2 of liver poisoning 34. 

Isoniazid can also be hydrolyzed directly to hydrazine, a 
highly toxic metabolite that causes cell damage 35, without 
acetylation. Fig:2 

According to the NAT-2 genotype studies, slow acetylators 
have a higher risk of hepatitis caused by anti-tuberculous 
therapy 30, 35, 36, 37. 

Rifampicin induced hepatotoxicity 

Rifampicin increases levels of liver enzymes in the liver 
within 8 weeks of treatment. The combination of isoniazid 
and Rifampicin shortens the duration of the development 
of hepatotoxicity, as rifampicin accelerates the formation 
of toxic metabolites by activating the production of 
cytochrome P-450, which leads to cell damage 38.  

Rifampicin metabolizes to deacetyl rifampicin and 3 formyl 
rifampicin through the deacetylation process. Deacetyl 
rifampicin is a non-toxic metabolite and produces 
antibacterial activity 39. Fig: 2 

Pyrazinamide induced hepatotoxicity 

Pyrazinamide is the prodrug of pyrazinoic acid, an active 
metabolite of the drug. Pyrazinamide is converted to 
pyrazinoic acid or 5-hydroxypyrazinamide. Both 
metabolites are then converted to 5-hydroxypyrazinoic 
acid, which is naturally highly toxic 40, 41. Fig: 3                           

Ethambutol induced hepatotoxicity 

Ethambutol induced liver toxicity is very rare but it can 
cause abnormal liver functions 40, 41. 

Fluoroquinolones induced hepatotoxicity 

Fluoroquinolone-induced liver injury occurs primarily due 
to hypersensitivity reactions associated with peripheral 
eosinophilia and fever. 

Type 1 anaphylactic hypersensitivity reaction 

When the antigen comes into contact with the host 
organism, it binds to B cells that contain IgE antibodies. 
This process is known as sensitization. 

After sensitization, plasma cells are activated, which then 
release IgE antibodies. 

Secreted IgE antibodies bind tightly to Fc receptors on 
basophil mast cells, which damage the cell membrane and 
lead to the ingress of sodium and water, which leads to 
mast cell degranulation. The released granules contain 
enzymes and inflammatory mediators such as vasoactive 
peptide (VIP), leukotrienes, neutrophils, eosinophils, 
platelets activating factors etc 42. Fig: 4 

 Type- 4 delayed hypersensitivity reaction 

Antigen comes in contact with CD8+ T-cell after entering 
the host cell and is processed by an antigen-presenting cell. 

Antigen-presenting cell migrates to the lymph nodes and 
presents the antigen to the helper CD4+ T-cell. 

CD4+ T-cell releases the cytokines that stimulate the 
proliferation of t-cells and activates the macrophages. 

Activated T-cell and macrophages release the 
inflammatory mediators that cause cell destruction and 
allergic menifestations 42. Fig: 5. 

Streptomycin 

Streptomycin is not responsible for any type of 
hepatotoxicity 40, 41.   

Risk Factors 

Growing countries have a peak incidence of TB therapy-
induced hepatotoxicity because it varies around the world 
and elements such as chronic liver disease, careless drug 
use, malnutrition, and advanced tuberculosis are common 
in growing countries 43, 44, 45. Hepatitis is characterized as 
8% -19 % 46, 47, 48 in Asia, 3% 49 on the west side and 8% 50 in 
Nepal. The patient-to-patient variant for ATT-induced 
hepatotoxicity, in general, occurs due to the individual 
characteristics of the data subject, such as specific 
treatment regimens using specific monitoring systems and 
specific diagnostic standards defining hepatoxicity 51. 

 Age 

The incidence of ATT-induced hepatitis becomes more 
likely with age, 52, 53, 54, 55. The rate of ATT-induced hepatitis 
with increasing age is given as 2% to 8%, with an average 
of 5% 56. With 25.8% and 14.4% respectively, people are 
more affected than the younger population; older people 
with other comorbidities may be more affected 57. 

Sex 

Women are at an increased risk of developing ATT-induced 
hepatotoxicity due to variations in pharmacokinetics and 
slower acetylation pattern and a lower body mass index 
of 58. Women are reported to be at an increased risk 
compared to men when it comes to the development of 
ATT-induced hepatotoxicity 59, 60. One study reported a 
higher incidence in women than men (26.3% versus 
19.7%) 61, 62. CYP3A activity is higher in women, making 
them more prone to hepatotoxicity 62. 

Alcohol 

Alcohol is responsible for stimulating the liver enzyme 
cytochrome P-450; hence creating toxic metabolites that is 
responsible for liver damage. Alcohol in the presence of 
alcohol dehydrogenase and cytochrome P-450 is 
converted to acetaldehyde. Acetaldehyde produces 
acetate in the presence of acetaldehyde dehydrogenase. 
Acetate in the presence of acetyl-CoA synthase is 
converted to acetyl-CoA, which is the main toxic 
metabolite that causes hepatotoxicity. Alcohol, along with 
isoniazid, increases the severity of hepatotoxicity, since 
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both produce toxic substances in the presence of 
cytochrome P-450 61, 62. Fig: 6 

Malnutrition 

Malnutrition in tuberculosis patients is the major cause of 
ATT-induced hepatitis as it leads to depletion of 
glutathione stores, making patients more susceptible to 
oxidative injury and low drug metabolism 63, 64. Adequate 
nutrient intake is important for liver metabolism and drug 
detoxification of Anti TB drugs, as the enzyme system of 
cytochrome P450 is influenced by nutrient uptake, fasting, 
and malnutrition 65, 66. 

Type of tuberculosis 

It has been reported that patients with extrapulmonary 
tuberculosis are at increased risk of developing drug-
induced hepatotoxicity and most of them have abdominal 
tuberculosis 67. 

Concomitant infection 

The first event in the pathophysiological process of 
hepatotoxicity is due to the inflammatory response due to 
a concomitant infection 68. 

Hepatitis C carrier  

It has been reported that approximately 30% of people 
infected with hepatitis C developed hepatotoxicity induced 
by anti-tuberculosis therapy, while 11% were infected 
without hepatitis C and therefore hepatitis C was an 
independent risk factor for hepatotoxicity 69.  

Human Immunodeficiency Virus 

HIV infection and viral hepatitis increase the risk of ATT-
induced hepatotoxicity by 3 to 5 times 70. 

Hepatitis B virus 

ATT-induced hepatotoxicity risk is higher in patients with 
chronic hepatitis B virus compared to uninfected people. It 
is also reported that the severity of hepatotoxicity is 
directly related to the viral load at the time of initiation of 
anti-tuberculosis therapy 71. 

Treatment  

Anti-tuberculous drug therapy should be stopped 
immediately and non-hepatotoxic drugs with ethambutol, 
streptomycin, and fluoroquinolones should be started 72. 

Wait for the LFT to verify that the enzymes have returned 
to normal and the clinical side effects have subsided before 
reintroducing the TB drugs. Reduce jaundice before anti-
TB drugs start. If hepatotoxicity does not settle begin a 
non-hepatotoxic regimen of Ethambutol streptomycin and 
Fluoroquinolones for 18-24 months 72.  

Once ATT-induced hepatitis subsides, reintroduce the 
drugs one at a time. If symptoms return after some time or 
liver function tests become abnormal again, the most 
recently started medication should be discontinued. It is 
recommended to start with rifampin as it is less toxic than 

isoniazid and pyrazinamide will restart and isoniazid will 
restart after 3 to 7 days 72.   

Possible drug regimens are 73. 

Hepatotoxic two-drug regimen 

Patients are either prescribed Isoniazid and rifampin plus 
ethambutol for 9 months or Isoniazid, rifampin, 
streptomycin, and ethambutol for 2 months, followed by 
isoniazid and rifampin for 6 months or Rifampicin, 
pyrazinamide, for 6 months -9 months 

A hepatotoxic drug: Isoniazid, ethambutol, and 
streptomycin for 2 months, followed by isoniazid and 
ethambutol for 10 months.  

Without hepatotoxic drug 

Hospital patients with advanced or portosystemic cirrhosis 

Use of Hepatoprotective Agent 

UDCA 

UDCA, a hydrophilic dihydroxylated bile acid, was first 
recognized as the main component of the dried bile of the 
Chinese black bear 74, 75. The mechanism of action of UDCA 
is as follows:  

(1) Replacement/displacement of toxic endogenous bile 
acids,  

(2) Cytoprotective effects on hepatocytes and bile duct 
epithelial cells,  

(3) Immunomodulatory effects 

(4) Stimulation of bile secretion by hepatocytes and bile 
duct epithelial cells 76, 77. 

SNMC 

SNMC is a drug that is administered intravenously and 
contains glycyrrhizin as its main component, as well as 
glycine and L-cysteine with an unknown mechanism of 
action 78.  

Glycyrrhizin 

Glycyrrhizin is made up of one molecule of glycyrrhetinic 
acid and two molecules of glucuronic acid and hence is a 
conjugated molecule that is extracted from Glycyrrhiza 
glabra plant roots. The mechanism of action of glycyrrhizin 
is not known yet. Heptagon, udiliv, and pyridoxine are also 
hepatoprotective agents 78. 

Prevalence of ATT-Induced Hepatotoxicity in Tuberculosis 
Patients Based on Few Studies. 

In a study by Sana Sehar, Afia Munir, Tooba Chandni, and 
Muhammad Ahmad Department of Pulmonology, Sheikh 
Zayed Hospital, Rahim Yar Khan out of 150 Tuberculosis 
Patients 17 developed Anti- Tubercular therapy-induced 
Hepatitis, among them 10 were males and 7 were females 
i.e., Higher incidence of ATT Induced hepatitis was seen in 
males. It was found that the Incidence of Antitubercular 
therapy-induced Hepatitis was highest i.e., 22.5% among 
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the Patients who belong to the age group of 49 to 60 
years79. 

In a research work by Jagdeep Singh, Pramod K. Garg, V. S. 
Thakur, and Rakesh K. Tandon Department of 
Gastroenterology of All India Institute of Medical 
Sciences two groups were studied i.e., Control group of 45 
Tuberculosis Patients and a Study group of 40 Tuberculosis 
Patients with Anti-tubercular Therapy induced Hepatitis, 
Among Patients of Study group 23 were males and 17 were 
females i.e., Higher incidence of ATT Induced hepatitis was 
seen in males. A higher rate of Incidence was seen in 
patients of mean age 37.82 ± 10.01. 2 Patients were 
chronic alcoholic, 3 Patients were having Chronic Liver 
Disease and there was no HBV carrier 80. 

In a study by J N Pande, S P N Singh, G C Khilnani, S Khilnani, 
R K Tandon two groups were studied i.e., Control group of 
406 tuberculosis patients and a study group of 86 
Tuberculosis Patients with Anti-tubercular therapy 
induced Hepatitis, the male and female ratio of patients 
with ATT Induced Hepatitis was 1.26. Higher rates of 
Incidence were seen in patients of mean age 39.0 ± 16.2. 
The average weight of the ATT Induced Hepatitis patients 
is 48.6 kg, Height is 1.7 meters and BMI is 18.1 kg/m2 37. 

In a study by Nabi Rahman*, Sajjad Ali*, Muhammad 
Yousaf Khan*, Muhammad Umar*, Zafar Iqbal*, Anila 
Basit*, Zia Ullah*, Arshad Javaid* 73 Anti-tubercular 
therapy-induced Hepatitis Patients were admitted in the 
hospital 39 (53.40%) out of them were females and 34 
(46.60%) were males females i.e., Higher incidence of ATT 
Induced hepatitis was seen in females. Patients of the age 
group of >35 years had a higher incidence of developments 
of ATT-induced hepatitis with 71.23% 81. 

In a Research work by K.C. Chang*, C.C. Leung*, W.W. Yew, 
and C.M. Tam* cohort study was performed on 3007 
tuberculosis patients receiving Anti-Tubercular therapy, 
167 out of them developed ATT induced Hepatitis, and 96 
Patients were taken as the cases. The study explained that 
sex had no impact but age is associated with increased risk 
of development of Hepatitis from 2.6% to 4.1% above the 
age of 49 years 82. 

A case-control study performed by J Singh, A Arora, PK 
Garg, VS Thakur, JN Pande, RK Tandon was performed in 
60 Tuberculosis Patients with ATT induced Hepatitis, The 
sex ratio was found to be 33:27 and the mean age of the 
Patients was 40.76 ± 18.02 and the majority of the cases 
were between the age group 14-50 years with 69 years. 
6.67% of patients were found to be chronic Alcoholic 83. 

In Research performed by M Irfan Malik, Hafiza Shafia Naz, 
Ghias Ul Hassan, the study was performed on 95 
Pulmonary Tuberculosis Patients, and 35 out of them 
developed ATT induced Hepatitis, Mean Age of the 
patients with ATT induced Hepatitis was found to be 
37.9±14.5 in the age group 16-65 years. Jaundice was seen 
in 38 (40%) Patients. Deranged AST and ALT were seen in 
34(35.8%) patients and increased bilirubin was seen in 
35(36.8%) patients 84. 

A study was performed by Munir Ahmad Abbasi, Naseer 
Ahmed, Amir Suleman, Haidar Zaman, Sumbal Tariq, Syed 
Abbas Anwar, Nisar Khan on 179 Tuberculosis patients 22 
out of them developed ATT induced Hepatitis, out of 22 
(12.29%) patients 10 were females and 13 were males, The 
mean age of patients with ATT induced Hepatitis was 36.51 
± 9.5 years i.e., 20- 59 years 85. 

A Research study was performed by Sumbal Tariq, Tahir 
Saleem Khan, Saqib Malik*, M. Shamim Anwar*, Abdul 
Rashid on 500 Tuberculosis Patients, and 40 out of them 
developed ATT induced Hepatitis i.e., 8%, including 
20 Males i.e., 7.2% and 20 females i.e., 8.96%. 
Transaminases were raised in 19 patients i.e., 3.8% and 21 
i.e., 4.2% patients developed overt hepatitis out of them 7 
were males and 14 were females, and one i.e., 0.2%. The 
male died of Acute Fulminant Hepatitis, while 20 improved 
after excluding INH and giving split ATT 86. 

In a Study done by Bijay Bartaula*, Bickram Pradhan, 
Narendra Bhatta, Naveen Kumar Pandey, Dharani Dhar 
Baral, Bandana Mudbhari, on 162 Tuberculosis Patients, 34 
i.e., 22.98% out of them developed ATT induced Hepatitis 
with 23 males and 11 females, among these 34 patients 6 
developed nausea, 13 developed jaundice, 7 suffered from 
vomiting and 8 developed anorexia. 18 Patients out of 
them were Alcoholic and 16 were Non –Alcoholic while 12 
were smokers and 22 were Non-smoker 87. 

In a Research by Gajanan S. Gaude, Alisha Chaudhury, 
Jyothi Hattiholi 150 Drug- Induced liver injury Patients 
were studied out of them 95 were males and 55 were 
females and maximum patients were of the age group 40-
60 years i.e., 54 patients with 59 patients having a history 
of Alcohol consumption 88. 

In a study performed by Khalid Mahmood Hussain, Akhtar 
Hussain, Krishan Lal Jairamani, Abu Talib, Badar-Uddin 
Abbasi, S. Salkeen, 67 Patients out of 339 Tuberculosis 
Patients developed ATT induced Hepatitis, 38 Patients i.e., 
11.2% had minor derangement i.e., 3 to 5 times of normal 
14 Patients were having severe alterations, while 15 
patients showed moderate derangement 89. 

In a research study done by Haji Khan Khoharo, Shuaib 
Ansari, Ali Akber Siddiqui, Fatima Quresh 91 i.e., 26% 
Patients out of 350 Tuberculosis Patients developed ATT 
induced Hepatitis with alanine transaminase (ALT) rise 
noted i.e., 48 (52.75%), 40 (43.95%) and 3 (3.3%) as minor, 
moderate and severe case respectively. Individual drug 
toxicity was noted as Isoniazid with 53 i.e., 58.24% 
Patients, rifampicin with 32 i.e., 35.16% Patients, and 
pyrazinamide (PZA) with 6 i.e., 6.59% Patients respectively 
90. 
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RESULTS AND DISCUSSIONS 

Table 1: Liver injury Scale according to American 
association for the surgery of trauma (AAST) 17 

Grade Injury Type 
Description of Injury 
(imaging, operative 

and pathologic criteria) 

Grade I 

Hematoma 
Subcapsular 

Hematoma<10% 
surface area 

Laceration 
Parenchymal 

Laceration <1cm 
deapth 

Grade II 

Hematoma 

Subcapsular hematoma 
10-50% surface area, 

Intraparenchymal 
hematoma <10cm in 

diameter 

Laceration 

Parenchymal 
Laceration 1-3cm in 
deapth and =<10cm 

length 

Grade III Hematoma 
Subcapsular 

Hematoma> 50% 
surface area required, 

ruptured subcapsular 
or parenchymal 

hematoma, 
intraparenchymal 
laceration >10cm 

 Laceration 
Parenchymal 

Laceration >3cm 
deapth 

Grade IV Laceration 
25-75% parenchymal 
disruption of hepatic 

lope 

Grade V 

 

Extension of Active 
bleeding, beyond the 
liver parenchyma into 

peritoneum 

Laceration 
>75% parenchymal 

disruption of hepatic 
lobe 

Five Grades of liver injury with injury type and their 
imaging, operative, and pathologic criteria are summarised 
in table. 

 

Figures 

 

Figure 1: Pathophysiology of drug induced hepatotoxicity 24-29 
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Figure1 

Intracellular calcium homeostasis hampering form blebs 
on the cell membrane and rupture the hepatic cell 
membrane, (B) Actin-fibril derangement next to 
canaliculus in hepatocyte cause interruption of the MRP-3 
transport pump which in turn prevents bilirubin and other 
organic compounds excretion. (C) Drug- enzyme adduct 
formation takes by binding to heme in CYP-450. This 

adduct produces an immune response to damage liver 
cells. (D) Enzyme-drug adduct enters the vesicle and 
creates an immune response to activate cytolytic T cells 
and cytokines, ultimately destroying the entire liver cell (E) 
Drug inhibit β-oxidation and respiration leading to 
anaerobic respiration in liver cells. This produces reactive 
species responsible for damaging liver cells. (F) The drug 
binds to TNF-α, and Fas at TNF- α and the Fas receptor and 
activates caspase enzymes responsible for apoptosis. 

 

Figure 2: Mechanism of ATT-induced hepatotoxicity 31, 32, 33, 34, 35, 38, 39, 62 

Figure 2 

Isoniazid is metabolized to acetyl isoniazid in the presence 
of N-acetyltransferase (NAT) when subjected to Phase 1 
toxification. This step is followed by hydrolysis to mono 
acetyl hydrazine (MAH). Monoacetylhydrazine is oxidized 
in the presence of the microsomal enzyme cytochrome 
P4502E1 to acetyl hydrazine, which is ultimately oxidized 
to hepatotoxins, which leads to cell necrosis or apoptosis 

In the presence of N-acetyltransferase-2 (NAT-2), acetyl 
hydrazine is acetylated to diacetyl hydrazine, which is non-
toxic, and this is phase 2 of liver poisoning. Rifampicin 
accelerates the formation of toxic metabolites by 
activating the production of cytochrome P-450, which 
leads to cell damage. Alcohol is metabolized to 
acetaldehyde in the presence of CYP450 and Alcohol 
dehydrogenase enzyme leading to the formation of toxic 
metabolite in the liver. 
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Figure 3: Metabolism of pyrazinamide 40, 41 

Figure 3 

Pyrazinamide is metabolized either to pyrazinoic acid or 5- 
hydroxypyrazinamide, both of these metabolites 

ultimately metabolize to a toxic metabolite called 5- 
hydroxy pyrazinoic acid. 

 

Figure 4: Type-1 anaphylactic hypersensitivity reaction to fluoroquinolones 42 

Figure 4 

Fluoroquinolones bind to B cells after administration in the 
body and secrete plasma cells by releasing IgE antibodies. 

These antibodies bind to Basophil- mast cell via FC 
receptors. Due to this binding sodium and water enters the 
cell causing mast cell degranulation. 
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Figure: 5: Type-D delayed hypersensitivity reaction 42 

Figure 5 

Fluoroquinolone (antigen) binds to T-cell after 
administration. T-cell presents antigen to an antigen-
presenting cell which migrated to lymph node and further 

presents antigen to CD4-+ T-cell. CD4+ T cell activates 
macrophages and T-cells proliferation leading to cell 
rupture due to the release of cytokines and inflammatory 
mediators. 

 

Figure 6: Alcohol metabolism 61, 62 
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Figure 6 

Alcohol in the presence of CYP-450 and Alcohol 
dehydrogenase metabolizes to Acetaldehyde. 
Acetaldehyde is converted to Acetate in the presence of 
Acetaldehyde dehydrogenase. Toxic metabolite Acetyl CoA 
is synthesized from Acetate in the presence of Acetyl CoA. 

CONCLUSION 

It is the duty of the he pharmacist / medical staff has to provide 
the patient with adequate education about diseases and to 
inform them about their therapy regarding possible side effects 
and side effects. Pharmacists / medical staff must also train 
patients to comply with medication. All patient education takes 
place in the language preferred by the patient. Patients should be 
categorically instructed to report side effects or side effects such 
as nausea, vomiting, abdominal discomfort, or unexplained 
fatigue to the medical team immediately. Patients should visit the 
OPD at each follow-up visit to monitor LFT and reinforcement of 
education. Educate patients about alcohol consumption during 
therapy and how beneficial these hepatoprotective agents are to 
them. 
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