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Abstract 
The liver is the largest solid organ, the largest gland, and one of the most vital organs that functions as a center for the 
metabolism of nutrients and excretion of waste metabolites. Hepatotoxicity is becoming a leading cause of death worldwide 
and its prevalence is increasing exponentially, there are several causes behind hepatotoxicity such as administration of 
acetaminophen that induced hepatotoxicity through the excessive formation of the toxic metabolite N-acetyl-para-benzo-
quinone imine (NAPQI). Drug-induced liver injury may account for approximately 10% of all cases of acute hepatitis, 
5% of all hospital admissions, and 50% of all acute liver failures. Remarkably, more than 75% of cases of idiosyncratic 
drug reactions result in liver transplantation or death. This review will help researchers to understand the hepatotoxicity 
mechanism of common drugs that have a hepatotoxic effect.
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1. Introduction
The liver is an essential organ and its vital area supports 
almost every other organ in the body. The liver is 
additionally the fundamental organ for the metabolism 
and elimination of medication and other exogenous 
products. Simultaneously liver is prone to many diseases 
like hypersensitivity to food and involves the immune 
system as well. The bare area of the liver is a site that 
vulnerable to the passing of infection from the abdominal 
cavity to thorax1. Hepatotoxicity refers to liver dysfunction 
or liver damage that is associated with an overload 
of drugs or xenobiotics. The synthetic compounds 
that cause liver damage are called hepatotoxins of 
hepatotoxicants. Hepatotoxicants are an exogenous mix 
of clinical pertinence and may incorporate overdose of 
certain medications, industrial chemicals, plants, and 
dietary supplements2. Drugs metabolize in the liver 

through oxidation, reduction, hydration, hydrolysis, 
condensation, conjugation, or isomerization. Two stages 
of hepatic drug metabolism convert pharmaceutical into 
conjugated water-soluble substances via P450 enzymes, 
which are excreted via urine or bile. Although the liver 
metabolizes drugs, disruption of these processes can 
lead to hepatotoxicity. Hepatotoxicity occurs through 
numerous mechanisms: disassembly of hepatocytes, 
apoptosis of hepatocytes, and injury to the bile duct, and 
inhibition of mitochondria and cytolytic T-cell activation3. 
More than a thousand drugs and synthetic compounds 
have been accounted for the cause of hepatic damage. 
Medication prompted liver injury may represent around 
10% of all cases of acute hepatitis, 5% of all emergency 
clinic confirmations, and half of all acute liver failures. 
Remarkably, over 75% of cases of idiosyncratic drug 
reactions result in liver transplantation or death. Drug-
induced liver injuries are considered a serious problem 
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for quite a long time; the hepatotoxicity of certain herbal 
products has only recently been recognized. There are 
relatively few investigations accessible on this disturbing 
part of herbal products items to date; however, the danger 
can’t be disregarded as they may give an indistinguishable 
range of liver pathologies from manufactured items. A 
large number of herbal and dietary products are reported 
to have liver-damaging effects. These products when 
administered may cause symptoms extending from acute, 
chronic, cholestatic, fulminant, and acute autoimmune-
like hepatitis to acute liver failure, and liver cirrhosis4.

Examples of drugs commonly induce liver injury

NSAIDs Heparin

Methotrexate  Phenobarbital

Valproate  Antituberculosis

Phenytoin  Statins

Methyldopa Anabolic-Androgenic Steroids 

Ketoconazole  Hydralazine

Ticlopidine Amiodarone

Tamoxifen Propylthiouracil

Acetaminophen Halothane

Disulfiram

2.  Examples of drugs commonly 
induce liver injury

2.1  NSAIDs (Non-steroidal anti-
inflammatory drugs)

There are two types of NSAIDs; the first one is non-
selective NSAIDs such as diclofenac, ibuprofen, 
nimesulide, sulindac; and the second one is selective 
cyclooxygenase (COX)-2 inhibitors such as celecoxib, are 
broadly utilized for their anti-inflammatory and pain-
relieving effects. The NSAIDs relieving the pain and 
produce the anti-inflammatory activities through the 
inhibition of COX-2 but in platelets, inhibition of COX-1 
prompt to inhibition of thromboxane A2 synthesis. 
This viably represses inhibits platelet aggregation5. The 
mechanism of hepatotoxicity result from NSAIDs is not 
clearly understood, it may be due to the acidic moiety 

present in the non-steroidal anti-inflammatory drugs or 
reactive adducts of their metabolites which bind to host 
proteins and result in hepatocellular damage, also there is 
one study showed that selective COX-2 inhibitors such as 
celecoxib associated with a lesser risk of hepatotoxicity6. 
Clinically apparent hepatotoxicity due to non-steroidal 
anti-inflammatory drugs is rarely seen which about one 
to ten cases per 100000 prescriptions7.

2.2 Methotrexate (MTX)
MTX is a broadly applied folic acid antagonist. Its efficacy 
has been proved in a wide range of clinical situations such 
as inflammatory and autoimmune disorders including 
ulcerative colitis, rheumatoid arthritis, and psoriasis 
also it can be used as antineoplastic against leukemia, 
osteosarcoma, and cancer of head, neck, breast, and 
lung8. MTX may cause hepatotoxicity because it decreases 
the synthesis of methionine and causes inhibition of 
S-adenosyl methionine in cerebrospinal fluid. Since 
S-adenosyl methionine has antioxidant effects, its 
deficiency in patients taking MTX results in increased 
Reactive Oxygen Species (ROS). At the same time, MTX 
may directly increase ROS production9. In a recent 
systematic review about MTX-induced hepatotoxicity, it 
is found that the incidence of elevated liver transaminases 
was 49 %10.

2.3 Valproate (VPA)
Valproate is a drug mainly used in the treatment of 
epilepsy and bipolar disorder and also in the prevention 
of migraines. Its mechanism of action is not fully 
understood, it may enhance the GABA-ergic function 
through inhibition of catabolism of GABA, increasing the 
release of GABA and increasing the density of the GABA-B 
receptors in the brain11. VPA hepatotoxicity is accepted 
to be intervened through hepatocyte’s mitochondrial 
dysfunction. A few examinations likewise mentioned the 
significant role of oxidative stress and its consequences in 
VPA hepatotoxicity. ROS formation, lipid peroxidation, 
deformity in cellular antioxidant enzymes, and glutathione 
depletion in an archive in various experimental models 
of VPA hepatotoxicity12. However, 44% of the patients 
developing hepatotoxicity due to VPA is reversible by 
reducing the dose or discontinuation of the drug but 
there is a non-dose-related disorder characterized by 
hepatic failure which is less common, frequencies of I in 
5,000 to 1 in 20,00013.
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2.4 Phenytoin
Phenytoin is one of the most important anticonvulsant 
drug that is very effective in controlling a wide assortment 
of seizure disorders by blockade of Na+ channels and 
perhaps of presynaptic Ca++ channels14. It has been 
suggested that the hepatotoxicity of phenytoin is due to 
a hypersensitivity reaction which is supported by the fact 
that the patients also develop rash and fever. However, 
the cytotoxic and immunologic effects of phenytoin 
may be due to the arene oxides. These arene oxides are 
electrophilic which is determined by the activity of 
cytochrome P450 enzyme on phenytoin and may acrylate 
cellular macromolecular such as membrane lipids and 
DNA, subsequently meddling with cellular functions. 
When the level of arene oxides exceeds the antioxidant 
capacity of the exposed individuals the oxidative stress 
can happen. This occurs when phenytoin is given in high 
doses which exceed the therapeutic level15. The frequency 
of phenytoin induced hepatotoxicity ranges from one per 
1000 to one per 10,000 and probably varies by race and 
ethnicity16.

2.5 Phenobarbital 
Phenobarbital or 5-ethyl-5-phenylbarbituric acid is a 
substituted barbituric acid, that exerts its antiepileptic 
action by facilitating GABA mediated inhibition17. 
Phenobarbital produces hepatic injury as part of a 
more widespread hypersensitivity reaction. Reactive 
compounds, the arene oxides, are generated by the 
cytochrome P450 enzyme system during the metabolism 
of phenobarbital. Arene oxides bind to cellular molecules 
and appear to trigger an immune response which 
will lead to hepatotoxicity. The hepatic injury caused 
by phenobarbital is accompanied by fever, rash, and 
eosinophilia18. A recent prospective study concluded 
that <1% of patients develop an elevation in serum 
aminotransferases levels during long-term administration 
of phenobarbital19.

2.6 Anti-Tuberculosis Drugs
Rifampicin produces its effect by inhibiting 
bacterial RNA polymerase, the enzyme liable for 
DNA transcription20. The mechanism of action of 
pyrazinamide and isoniazid is not fully understood 
because of its uncommon properties. These drugs 
are known as antituberculosis and its potentially 
hepatotoxic drugs. Mechanism of hepatotoxicity: A) 

Rifampicin: The significant pathway is deacetylation 
into diacetyl rifampicin and independently hydrolysis 
delivers 3-formyl rifampicin. The exact mechanism 
of rifampicin-induced hepatotoxicityis not known 
and there is no proof for the hepatotoxic metabolite. 
B) Pyrazinamide: Is changed over to pyrazinoic 
acid and further oxidized by xanthine oxidase to 
5-hydroxypyrazinoic acid, also the mechanism by 
which pyrazinamide causes hepatotoxicity is not fully 
understood. C) Isoniazid: The enzyme responsible 
for acetylation of isoniazid is hepatic enzyme 
N-acetyltransferase 2, isoniazid is acetylated into acetyl 
isoniazid after the hydrolyzed into acetylhydrazine 
and isonicotinic acid. It is hypothesized that 
acetylhydrazine is the hepatotoxic metabolite of 
isoniazid. However, recent research, recommend that 
hydrazine, and not isoniazid or acetylhydrazine, may 
responsible for isoniazid induced hepatotoxicity21. 
Overall, hepatotoxicity attributed to antituberculosis 
drugs has been reported in 5%-28% of patients treated 
with antituberculosis drugs22.

2.7 Statins
Statins such as simvastatin and atorvastatin are used in 
the treatment of hypercholesterolemia, act by inhibition 
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, the enzyme that converts HMG-CoA 
into mevalonic acid, which considered as cholesterol 
precursor23. The exact mechanism by which statins induce 
hepatotoxicity is not fully known. Statins may cause 
hepatotoxicity by causing mitochondrial dysfunction; 
after treatment with statins, it causes a huge increase in 
mitochondrial superoxide which leads to mitochondrial 
impairment24. In a study involving 185 patients treated 
with statins, at clinical presentation, 57.8 % presented 
with a hepatocellular pattern, 18.3 % a cholestatic, and 
23.2 % a mixed one25.

2.8 Anabolic-Androgenic Steroids (AAS)
AAS such as stanozolol and nandrolone are synthetic 
derivatives of the male sex hormone testosterone and it 
has been mishandled for a long time by both professional 
and novice competitors to improve muscle mass and 
physical performance26. Hepatotoxicity of AAS might 
be correlated to individual susceptibility and hereditary 
factors, and in liver tissue. Oxidative stress could represent 
a causative factor of liver toxicity because of AAS misuse. 
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It has been postulated that androgen receptor activation 
in hepatic cells may cause an increase in ROS which leads 
to mitochondrial degeneration of hepatic cells, ultimately 
advancing to the clinical signs of hepatotoxicity observed 
with the administration of 17α-alkylated steroids27. It is 
reported that 6.5% of 16-18-year-old boys used AAS. 
Therefore, both adult and pediatric clinicians should be 
familiar with hepatic injury associated with the misuse of 
AAS28.

2.9 Methyldopa 
Methyldopa considered as the drug of choice in the 
treatment of non-complicated pregnancy-induced 
hypertension. The centrally acting sympatholytic action 
of methyldopa is responsible for its therapeutic effect 
in the treatment of hypertension during pregnancy 
which reduces the sympathetic drive to the heart and 
peripheral circulation, resulting in lowering cardiac 
output and decrease peripheral vascular resistance29. 
However, methyldopa may cause hepatic necrosis 
through immunological reaction and there is some 
evidence support the immunological mechanism such 
as the absence of a dose relationship and the absence 
of toxicity in animals, also clinical study indicated that 
some patient receiving methyldopa and suffering from 
hepatitis associated with rash or fever, further suggesting 
a hypersensitivity reaction30. An estimated 5% of non-
pregnant women receiving methyldopa have been 
reported to have mild hepatic injury31.

2.10  Hydralazine
Hydralazine acts by interfering with the calcium transport 
in the vascular smooth muscle which dilates arteriolar 
smooth muscle and lowers the blood pressure, due to this 
mechanism of action; hydralazine can be used in various 
cardiovascular diseases such as severe hypertension, 
myocardial infarction, congestive heart failure32. 
Hydralazine metabolized in the liver to hydralazine and 
acetyl-hydrazine which may be involved in hepatic injury 
and the exposure to microsomal enzyme inducer can 
worse the risk of developing liver damage33. However, 
some case reports believed that immunological of a 
lupus-like reaction is the primary mechanism responsible 
for hepatotoxicity due to hydralazine and we should keep 
it in mind that only a few cases developed hepatic injury 
due to hydralazine use34.

2.11 Ketoconazole
Ketoconazole is a member of imidazole antifungal 
agents, exert its therapeutic effect by preventing the 
conversion of lanosterol to ergosterol, and this leads to 
inhibition of ergosterol synthesis and increase fungal 
cellular permeability due to decrease the amounts of 
ergosterol existent in the fungal cell membrane35. Recent 
studies conducted in rat hepatocyte culture observed 
direct hepatocyte toxicity caused by ketoconazole in 
a concentration-dependent manner. Many enzymes 
like Flavin-Containing Mono-Oxygenases (FMOs) 
biotransform ketoconazole to N-Diacetyl-Ketoconazole 
(DAK) which has intrinsic toxicity more than ketoconazole. 
Both ketoconazole and DAK can form a covalent bond 
with hepatic protein and glutathione depletion which 
lead to toxicity manifested as cellular leakage of Alanine 
Transaminase (ALT) or Lactic Dehydrogenase (LDH) in 
a dose and concentration-dependent manner36. A recent 
meta-analysis of 204 studies showed that an overall 
incidence of ketoconazole-associated hepatotoxicity is 3.6 
% to 4.2 %37.

2.12 Amiodarone
Amiodarone considered a class III antiarrhythmic drug. It 
blocks K+ currents that responsible for the repolarization 
of the myocardium during the third phase of the cardiac 
action potential, also has a potent noncompetitive 
α-blocker and β-blocker but has no clinically significant 
negative inotropic effect38. However, histological features 
of amiodarone-induced liver injury are characterized 
by Mallory bodies, leukocyte infiltration, steatosis, 
and ballooning of liver cells similar to alcoholic 
hepatitis. This histological feature occurs due to both 
amiodarone and its metabolite N-desethylamiodarone 
that accumulate in hepatocyte particularly in lysosomes 
and lead to inhibition of phospholipase both A1 and 
A2, which decrease the elimination of lysosomal lipids 
and leads to phospholipidosis, this mechanism can 
cause steatohepatitis and finally leads to irreversible 
liver cirrhosis39. 4-25 % of the patients treated with 
amiodarone showed an elevation in liver enzymes like 
aminotransferase and alkaline phosphatase40.
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2.13 Ticlopidine
Ticlopidine is an antiplatelet drug that belongs to 
thienopyridine. It is a prodrug that is metabolized 
to an active form, which has the ability to blocks the 
adenosine diphosphate receptor that is involved in 
GPIIb/IIIa receptor activation that responsible for platelet 
aggregation41. The mechanism by which ticlopidine 
causes hepatotoxicity has not been fully understood. 
Whether ticlopidine causes cholestatic injury by inducing 
molecular modification in basolateral and canalicular 
transport systems needs further studies. Furthermore, an 
immune allergic mechanism is suggested by the apparent 
dose independence, the existence of tissue eosinophilia, 
lymphocytic of plasma cell infiltration in the periportal 
area, granulomatous hepatitis, and bile duct injury. On 
the other hand, the result obtained using ticlopidine 
induced cholestasis in rats suggests that the adverse 
effect might be caused immediately by ticlopidine or its 
metabolites rather than by hypersensitivity42. The result of 
the Canadian Americanticlopidine trial showed that 4.4% 
of patients participating in this study developed abnormal 
liver function tests43.

2.14 Propylthiouracil
Propylthiouracil is a thioamide derivative commonly 
used in the treatment of hyperthyroidism. It has two 
claimed mechanisms of action: (1) it binds to thyroid 
peroxidase and thereby inhibits the conversion of iodide 
to iodine, (2) it inhibits type III iodothyronine deiodinase 
enzyme, that responsible for peripheral conversion of 
T4 into the active T344. Various mechanisms have been 
suggested for hepatotoxicity due to propylthiouracil 
including inhibition of glucosyltransferase, reduced bile 
acid synthesis, and increased oxygen consumption by 
hepatocytes. Liver biopsy and postmortem examinations 
of patients developing hepatotoxicity due to using 
propylthiouracil have detected different degrees of 
inflammation and liver necrosis. Histological findings 
of plasmacytic, eosinophilic, and lymphocytic infiltrated 
along with variable stages of necrosis. However, the exact 
mechanism of propylthiouracil responsible for inducing 
hepatotoxicity is not clear45 and the overall incidence of 
hepatotoxicity induced by any antithyroid medication 
such as propylthiouracil is less than 0.5%46.

2.15 Tamoxifen
Tamoxifen is a nonsteroidal anti estrogen used in the 
treatment and prevention of all stages of estrogen receptor-
positive breast cancer which competitively inhibits 
estrogen binding to its receptor47. The hepatic damage 
of tamoxifen has been credited to the abnormality of 
mitochondrial β-oxidation of fatty acids and the formation 
of reactive oxygen species. Tamoxifen can affect the 
mitochondria function by reducing the phosphorylation 
efficiency compromising the electron transfer along the 
electron transport chain and affecting the integrity of the 
mitochondria membrane. These results in mitochondrial 
dysfunction and lead to an increase in ROS production. 
Also, the metabolic activation of tamoxifen contributes 
to the excessive production of ROS. Tamoxifen which is a 
prodrug is transformed in the liver by cytochrome P450 
enzymes to exert its pharmacological effects and during 
this process, ROS is produced jointly48. However, long-
term use of tamoxifen is associated with a 30-40 % risk of 
developing nonalcoholic fatty liver disease or nonalcoholic 
steatohepatitis49.

2.16 Halothane
Halothane is a general inhalation anesthetic due to its 
actions on various receptors such as activates GABAA, 
glycine receptors, and antagonizes the NMDA receptor50. 
However, two mechanisms have been proposed for 
halothane induced hepatotoxicity. First, the metabolic 
mechanism, halothane is metabolized by two pathways 
either oxidative or reductive. The intermediate products 
of the reductive pathway, especially under hypoxic 
conditions, are mainly responsible for hepatotoxicity 
through binding with the fatty and macromolecules 
in the hepatocytes. Second, is an immunological 
mechanism, halothane or its metabolites causes 
hypersensitivity reactions that is evident as a positive 
provocation test when halothane administered in a 
small dose to anesthetists who had episodes of fever and 
jaundice after exposure to halothane and in many cases, 
Lymphocyte Transformation Test (LTT), and Leukocyte 
Migration Inhibition Test (LMIT) are seen as positive 
in comparison with the control group this two can be 
a piece of important evidence support immunological 
mechanism51. Furthermore, there are two forms of 
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halothane-associated hepatitis, first (common) that 
characterized by moderately increased concentrations 
of liver transaminases, second (uncommon) with an 
estimated incidence of up to 1:35000 anesthetics that can 
lead to fulminant hepatic failure52.

2.17 Acetaminophen 
Acetaminophen considered as one of the most popular 
analgesic and antipyretic drugs worldwide, it does not 
possess any anti-inflammatory activity and when applied 
in recommended doses it does not induce gastrointestinal 
side effects like NSAIDs, acetaminophen can treat 
fever and pain through its selectivity for inhibiting 
cyclooxygenase activities in the brain, but further 
studies may contribute to deeper knowledge about the 
exact mechanism of acetaminophen53. Acetaminophen-
induced hepatotoxicity occurs through the excessive 
formation of the toxic metabolite N-Acetyl-Para-Benzo-
Quinone Imine (NAPQI), associated with glutathione 
depletion, oxidative stress, and mitochondrial dysfunction 
leading to inhibition of Adenosine Triphosphate (ATP) 
stores. There are many studies document that the toxic 
metabolite of acetaminophen NAPQI binds to various 
proteins, especially mitochondrial proteins. In the setting 
of glutathione reduction, adherence to mitochondrial 
proteins is essential because mitochondrial protein 
binding drain native antioxidant functions and alters 
the mitochondrial ATP-synthase α-subunit, leading 
to insufficient production of ATP. On other hand, the 
formation of toxic free radicals, such as peroxynitrite, from 
the reaction of superoxide and nitric oxide, subsequently 
forming nitrotyrosine adducts inside the mitochondrial 
considered as other mechanisms of acetaminophen-
induced hepatotoxicity. However, glutathione repletion 
not only gives surplus cysteine as an energy substrate for 
the Krebs cycle, but it also plays a major role in scavenging 
free radical and peroxynitrite54. Acetaminophen reported 
causing dose-related hepatocellular necrosis, responsible 
for nearly about 500 deaths annually in the United States 
alone, as well as 100,000 calls to united state poison 
control centers, 50,000 emergency room visits, and 10,000 
hospitalizations per year55.

2.18 Disulfiram
Disulfiram considered as carbamate derivative used 
in alcohol-dependent patients through inhibition of 
aldehyde dehydrogenase enzyme, which is responsible 

for the conversion of acetaldehyde to acetate during 
alcohol metabolism in the liver57. The mechanism by 
which disulfiram produces hepatotoxicity is not fully 
understood but it may be due to allergic or hypersensitivity 
reactions and also may be due to the production of 
toxic metabolites. Disulfiram is reduced by glutathione 
reductase of erythrocytes to diethylthiocarbamate which 
is metabolized in the liver by conjugation with glucuronic 
acid, and one part is metabolized to carbon disulfide 
(CS2) which can cause peripheral neuropathy and toxic 
hepatitis58. The estimated incidence of acute hepatic 
injury due to disulfiram treatment is one per 10,000 to 
30,000 patients annually59.

2.19 Heparin
Heparin is a glycosaminoglycan formed of chains of 
alternating residues of D-glucosamine and uronic acid, 
with molecular weight ranges from 5,000 to 30,000 
Dalton, the anticoagulant effect of heparin intercedes 
mainly through its interaction with antithrombin-III60. 
Heparin is proposed to cause hepatotoxicity by several 
mechanisms like changing of hepatocytes membranes, 
direct toxicity on the hepatocytes, and immune-mediated 
hypersensitivity reactions. In a study aimed to evaluate 
the exact mechanism of heparin-induced hepatotoxicity, 
it is observed notable elevation in High Mobility Group 
Box 1 Protein (HMGB1) which peaked two days after 
administration of the last dose of heparin. The study 
concluded that heparin can prompt transient hepatocyte 
necrosis followed by activation of the innate immune 
system61. Transaminase elevations were greater than 3 

Figure 1.  Acetaminophen metabolic pathway (Yoon 
E. et al, 2016)56. APAP: Acetaminophen, 
CYP: Cytochrome P450, 2E1: Member of the 
cytochrome P450, GSH: Glutathione, NAPQI: 
N-acetyl-pare-benzo-quinone imine56.
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times the upper limit of normal have been notified to 
occur in 5% of patients receiving unfractionated heparin 
and in 4.3% to 13% of patients receiving low molecular 
weight heparins such as enoxaparin62.

3. Conclusion 
There are large numbers of hepatotoxic drugs that can lead 
to irreversible hepatic damage and should be cautiously 
administered especially when given at high doses or used 
for a long period. However, understanding the exact 
mechanism by which these drugs cause hepatotoxicity 
can help the researcher to develop new drugs with less 
risk of developing a hepatic injury.
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