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ABSTRACT 

The Liver is the main organ that controls the internal parts of the body. There is currently no way to compensate for the loss of 
operating pressure. Its main effect is the flow of nutrients and regulates the metabolism of carbohydrates, proteins and fats. 
Medications are a major cause of liver damage. More than 900 drugs, poisons, and herbs have been reported to cause liver damage. 
About 75% of specific reactions cause liver damage or death. Various diseases affecting the liver include acute liver injury, fatty 
infiltration, cholestatic jaundice, liver granuloma, active hepatitis, cirrhosis, liver disease, etc. takes place.  Approximately 2,000 cases 
of heart failure occur each year in the United States, and more than 50% of them are caused by medications (37% are acetaminophen 
and 13% are specific antibiotics from other medications). Antibiotic jaundice accounts for 20% of hospitalizations and approximately 
10% of all hepatitis cases. Chronic liver disease and cirrhosis are responsible for approximately 2% of all deaths in 17 countries, 
approximately 40,000 deaths each year. To determine the importance of drug hepatotoxicity as a cause of liver injury, this review 
highlights the various drugs that cause hepatotoxicity, their mechanisms of liver injury, and their effects.  
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INTRODUCTION 

he liver plays an astonishing array of vital functions 
in the maintenance, performance and regulating 
homeostasis of the body. It is involved with almost 

all the biochemical pathways to growth, fight against 
disease, nutrient supply, energy provision and 
reproduction. The major functions of the liver are 
carbohydrate, protein and fat metabolism, detoxification, 
secretion of bile and storage of vitamin. Thus, to maintain 
a healthy liver is a crucial factor for the overall health and 
well being.1 

Hepatotoxicity implies chemical-driven liver damage. 
Certain medicinal agents, when taken in overdoses and 
sometimes even when introduced within therapeutic 
ranges, may injure the organ. Other chemical agents, such 
as those used in laboratories and industries, natural 
chemicals (e.g., microcystins) and herbal remedies can also 
induce hepatotoxicity. Chemicals that cause liver injury are 
called hepatotoxins. More than 900 drugs have been 
implicated in causing liver injury and it is the most common 
reason for a drug to be withdrawn from the market. 
Chemicals often cause subclinical injury to liver which 
manifests only as abnormal liver enzyme tests.2 Drug- 
induced liver injury is responsible for 5% of all hospital 
admissions and 50% of all acute liver failures. More than 
75 percent of cases of idiosyncratic drug reactions result in 
liver transplantation or death.  

HEPATOTOXIC DRUGS 

Anti-Tubercular Drugs 

The first line anti-tubercular drugs namely, Rifampicin, 
Isoniazid and Pyrazinamide are potentially hepatotoxic 
drugs. These drugs are metabolized by the liver. No 

hepatotoxicity has been described for Ethambutol or 
Streptomycin. Adverse effects of antitubercular therapy 
are sometimes potentiated by multiple drug regimens. 
Thus, though INH, Rifampicin and Pyrazinamide each in 
itself are potentially hepatotoxic, when given in 
combination, their toxic effect is enhanced. Based on 
hepatotoxicity diagnosis criteria and population under 
study, incidence of anti-TB related hepatotoxicity is 
reported from 2% to 28% .3 

Rifampicin 

Patients on concurrent Rifampicin therapy have an 
increased incidence of hepatitis. This has been postulated 
due to Rifampicin-induced cytochrome P450 enzyme-
induction, causing an increased production of the toxic 
metabolites from acetyl hydrazine (AcHz). Rifampicin also 
increases the metabolism of INH to isonicotinic acid and 
hydrazine, both of which are hepatotoxic.4 The plasma half 
life of AcHz (metabolite of INH) is shortened by Rifampicin 
and AcHz is quickly converted to its active metabolites by 
increasing the oxidative elimination rate of AcHz, which is 
related to the higher incidence of liver necrosis caused by 
INH and Rifampicin in combination. Rifampicin also 
interacts with antiretroviral drugs and affects the plasma 
levels of these drugs as well as risk of hepatotoxicity.5 

Isoniazid 

Isoniazid hepatotoxicity is a common complication of 
antituberculosis therapy that ranges in severity from 
asymptomatic elevation of serum transaminases to 
hepatic failure requiring liver transplantation. This is not 
caused by high plasma Isoniazid levels but appears to 
represent an idiosyncratic response. INH is metabolized to 
monoacetyl hydrazine, which is further metabolized to a 
toxic product by cytochrome P450 leading to 
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hepatotoxicity. Human genetic studies have shown that 
cytochrome P4502E1 (CYP2E1) is involved in anti 
tubercular drug hepatotoxicity (Huang et al., 2003). The 
CYP2E1 c1/c1 genotype is associated with a higher CYP2E1 
activity and may lead to a higher production of 
hepatotoxins.6 Rat studies showed that Isoniazid and 
Hydrazine induce CYP2E1 activity. Isoniazid has an 
inhibiting effect on CYP1A2, 2A6, 2C19 and 3A4 activity. 
CYP1A2 is suggested to be involved in hydrazine 
detoxification. Isoniazid can induce its own toxicity, 
possibly by the induction or inhibition of these enzymes  

 Pyrazinamide 

Pyrazinamide (PZA; pyrazoic acid amide) is converted to 
pyrazinoic acid and further oxidized to 5-
hydroxypyrazinoic acid by xanthine oxidase. The serum 
half-life of pyrazinamide is not related to the length of 
treatment, indicating that pyrazinamide does not induce 
the enzymes responsible for its metabolism. The 
mechanism of pyrazinamide-induced toxicity is unknown; 
it is unknown what enzymes are involved in pyrazinamide-
toxicity and whether toxicity is caused by pyrazinamide or 
its metabolites. In a rat study, pyrazinamide inhibited the 
activity of several CYP450 isoenzymes (2B, 2C, 2E1, 3A), but 
a study in human liver microsomes showed that 
pyrazinamide has no inhibitory effect on the CYP450 
isoenzymes .7 

Non Steroidal Anti-Inflammatory Drugs 

Acetaminophen, Nimesulide, Diclofenac, Ibuprofen are 
Non-steroidal anti-inflammatory drugs (NSAIDs) which are 
the centerpiece of pharmacotherapy for most 
rheumatological disorders, and are used in large numbers 
as analgesics and antipyretics, both as prescription drugs 
and over the counter purchases. It is the most important 
cause of the drug induced toxic injury to several organ 
systems, including well known injury to gastrointestinal 
tract and kidneys.8 In overdose, the analgesic/antipyretic 
acetaminophen produces centrilobular hepatic necrosis. 
The epidemiological risk of clinically apparent liver injury is 
low (1–8 cases per 100 000 patient years of NSAID use), but 
when it occurs, it can be serious and can cause diagnostic 
confusion. However, use of ibuprofen rose rapidly 
between 1998 and 2000. Nearly all of the NSAIDs have 
been implicated in causing liver injury, and tend to be 
hepatocellular in nature: the mechanism is thought to be 
immunological idiosyncrasy. Several NSAIDs have been 
withdrawn from clinical use because of associated 
hepatotoxicity. The new more selective COX-2 inhibitors 
(e.g. celecoxib, rofecoxib, nimesulide) are also associated 
with hepatotoxicity, although celecoxib is said to have less 
potential for hepatotoxicity. Examples of NSAID’s of 
various classes withdrawn orabandoned due to 
hepatotoxicity: Anthranilic acid derivatives: Cinchophen 
and Glafanine.Acetic acid derivatives: Amphenac, 
Fenclozic acid, Isoxepac and Bromofenac. Propionic acid 
derivatives: Benoxaprofen, Ibufenac, Pirprofenac, 
Suprofenac and Fenbufen. Pyrazolone derivatives: 

Phenylbutazone, Oxyphenbutazone Oxicams: Isoxicam, 
Sudoxicam.9 

Quinazonlone derivatives: Fluproquazone. 

Mechanism of toxicity of NSAID’s 

Recently, a number of in vitro animal models have been 
used to investigate the possible mechanisms of NSAID’s-
related hepatotoxicity. Studies using rat liver mitochondria 
and freshly isolated rat hepatocytes showed that 
diphenylamine, which is common in the structure of 
NSAID’s, uncouples oxidative phosphorylation, decreases 
hepatic ATP content and induces hepatocyte injury. 
Incubation of mitochondria with diphenylamine, 
mefenamic acid or diclofenac caused mitochondrial 
swelling.10 In addition, a spectral shift of the safranine-
binding spectra to mitochondria occurred, indicating the 
loss of mitochondrial membrane potentials (one of the 
characteristics of uncoupling of oxidative 
phosphorylation). Addition of oligomycin, which blocks 
ATPase, protected against cell injury. In diclofenac-induced 
toxicity in hepatocytes, no significant oxidative stress 
(decrease in glutathione and lipid peroxidation) or increase 
in intracellular calcium concentration was seen. 
Paracetamol administration causes necrosis of the 
centrilobular hepatocytes characterized by nuclear 
pyknosis and eosinophilic cytoplasm followed by large 
excessive hepatic lesion. The covalent binding of N-acetyl-
P- benzoquinoneimine, an oxidative product of 
paracetamol to sulphydryl groups of protein, result in lipid 
peroxidative degradation of glutathione level and thereby, 
produces cell necrosis in the liver.11 

Diclofenac 

Diclofenac hepatotoxicity is an archetype of idiosyncratic 
DILI (Drug induced liver injury). About 15% of those 
patients regularly taking diclofenac develop elevated levels 
of liver enzymes, and a threefold rise in transaminase 
levels has been reported in 5%. Diclofenac is associated 
with a predominantly hepatocellular pattern of liver injury, 
but a cholestatic pattern of liver injury and cases 
resembling autoimmune hepatitis have also been 
described. In addition to 4′-hydroxylation by cytochrome 
P450 2C9, diclofenac undergoes glucuronidation by UDP-
glucuronosyltransferase-2B7 to form an unstable acyl 
glucuronide.12 The latter undergoes further oxidation by 
CYP2C8. In addition, CYP2C8 catalyzes the formation of 5-
hydroxydiclofenac. Both diclofenac acyl glucuronide and 
benzoquinone imines derived from 5- hydroxydiclofenac 
modify proteins covalently; hence, decreased as well as 
increased activity of CYP2C8 potentially increase the risk of 
hepatotoxicity. MRP2 is involved in the transport of 
diclofenac acyl glucuronide to biliary canaliculi and the 
metabolite accumulates with decreased expression of 
MRP2. Accumulation of reactive metabolites generates 
oxidative stress and mitochondrial permeability transition, 
leading to cellular injury. In addition, covalent binding of 
reactive metabolites to 'self' proteins results in the 
formation of neoantigens. Mild liver injury in a susceptible 
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individual and in a proinflammatory cellular environment 
could progress to serious DILI, or diclofenac adducts 
released from dying hepatocytes might be phagocytosed 
by APCs and presented with MHC II molecules. Recognition 
of neoantigens by helper T cells leads to their activation 
and an effector-cell response. Hepatocytes express MHC I 
molecules on their surface (which is further increased with 
inflammation) and may present diclofenac adducts, 
leading to cytotoxic T-cell mediated liver injury. 
Alternatively, B cells may recognize diclofenac adducts on 
the plasma membrane of hepatocytes, leading to their 
maturation into plasmacytes, the secretion of antibodies 
and immunological destruction of hepatocytes. 
Abbreviations: APC, antigen presenting cell; DILI, drug-
induced liver injury; IL, interleukin; MRP2, multidrug 
resistance protein 2; TCR, T-cell receptor.13 

 Sulindac 

Sulindac has been the drug most consistently associated 
with hepatotoxicity. Published reports consist of 91 cases 
of liver injury, with 43% showing a cholestatic pattern 
(Liver injury leads to impairment of bile flow and cases are 
predominated by itching and jaundice), 25% a 
hepatocellular pattern and the rest a mixed pattern of 
injury. The majority of the patients (67%) were jaundiced 
and four patients died. Sulindac competitively inhibits 
canalicular bile salt transport, and such inhibition may 
contribute to cholestatic liver injury.14 

Anti-Retroviral Drugs 

Several anti-retrovirals have been reported to cause fatal 
acute hepatitis; they most often cause asymptomatic 
elevations of transaminases. Liver toxicity is more frequent 
among subjects with chronic hepatitis C and/or B. The 
incidence of drug induced liver toxicity is not well known 
for most anti retrovirals. Liver toxicity, especially severe 
toxicity, is clearly more frequent in HCV (Hepatitis C) 
and/or HBV (Hepatitis B) co- infected individuals treated 
with HAART (Highly active antiretroviral therapy usually 
combination of two or three drugs).15 

 Protease inhibitors 

Examples: Ritonavir, Indinavir, Saquinavir, Nelfinavir 
Hepatotoxicity became more evident after the 
introduction of ART (Anti-retrovirals) of high activity, which 
initially included invariably a protease inhibitor (PI). 
However; none of the studies has been able to prove the 
higher potential for liver toxicity of this particular family of 
drugs. Among the PI, in some studies full- dose ritonavir 
(RTV) has been found to be more hepatotoxicity, although 
these results have not been confirmed by others. In certain 
cases, RTV has caused fatal acute hepatitis.16  Several cases 
of liver toxicity associated with the use of indinavir (IDV) 
and saquinavir (SQV) have also been reported. Nelfinavir 
was found to be less hepatotoxic than the other PI anlyzed 
(RTV, IDV, SQV amprenavir (APV) in study evaluating 1052 
patients. 

 Nucleoside analogues reverse transcriptase inhibitors 
(NRTI) 

Examples: Lamivudine (3TC), Tenofovir, Zidovudine, 
Didanosine, Stavudine, Abacavir (ABC) and Tenofovir 
(TDF). 

Some studies have found a lower incidence of 
hepatotoxicity with lamivudine (3TC) and tenofovir. 
However, the majority of the NRTI can induce 
mitochondrial damage, and, therefore, have a potential for 
the development of liver injury. Cases of hepatic failure 
have been reported in patients taking zidovudine, but 
didanosine and stavudine have been most often involved 
in severe hepatotoxicity. Abacavir (ABC) and tenofovir 
(TDF), with low potential for mitochondrial damage, seem 
to have a safer profile regarding the liver. In patients with 
chronic hepatitis B, the removal of 3TC may be 
accompanied by a flare of HBV replication, translated into 
an increase in transaminases.17 

Non-nucleoside analogues reverse transcriptase 
inhibitors 

Examples: Nevirapine, Emtricitabine, Efavirenz. The risk of 
liver toxicity associated with the non nucleoside analogues 
reverse transcriptase inhibitors (NNRTI) is variable and 
involves several aspects and mechanisms. Several cases of 
severe liver toxicity, some of which were fatal in subjects 
receiving NVP (Nevirapine) as part of a post-exposure 
prophylaxis regimen were reported. While some authors 
have found a higher risk of liver toxicity for NVP compared 
to efavirenz (EFZ), others have failed to do so. It is 
interesting that one of the studies did not find cross 
hepatotoxicity between NVP and EFZ. In the same study, 
the morbidity and mortality derived from liver toxicity 
among patients taking NVP or EFZ was similar. Moreover, 
in a study assessing NVP hepatotoxicity, transaminases 
decreased in many of the patients who continued taking 
the same treatment.18 

Mechanism of toxicity of Antiretrovirals 

The possible mechanisms involved in the development of 
hepatotoxicity associated with the use of antiretrovirals 
are summarized below. It is probable that multiple 
pathogenic pathways simultaneously concur in some 
patients, being difficult to identify the exact mechanisms 
involved in the development of hepatotoxicity. 

Direct toxicity 

Anti-retrovirals, as any other drug, can induce direct 
toxicity in the liver. Drugs metabolized in the liver through 
the cytochrome pathways may cause liver toxicity when 
there are polymorphisms in the enzymes. Since many of 
the anti-retrovirals are metabolized in the liver through the 
cytocrome pathways, idiosyncratic polymorphisms of the 
enzymatic complexes might lead to significant 
heterogeneity in drug metabolism, predisposing to the 
development of hepatotoxicity in certain individuals. Some 
drugs may potentiate the activation of death receptors 
and/or intracellular stress pathways.19 
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Hypersensitivity reactions 

Hypersensitivity reactions are idiosyncratic reactions of 
the host, not related to the dose of the drug. Immune 
mediated drug reactions seem to involve the generation of 
neoantigens formed by the reaction of liver proteins with 
reactive drug metabolites. Hypersensitivity reactions have 
been reported relatively often with NVP and abacavir 
(ABC), both in HIV-infected patients and in subjects 
receiving prophylaxis after HIV exposure, but also with 
other antiretrovirals such as zalcitabine (ddC). 

Mitochondrial toxicity 

It is infrequent but a distinctive type of hepatotoxicity that 
may evolve to acute liver failure. The main feature of the 
hepatic lesion is the accumulation of micro vesicular 
steatosis in liver cells and mitochondrial depletion. This 
early lesion may evolve to macro vesicular steatosis with 
focal necrosis, fibrosis, cholestasis, proliferation of biliary 
ducts, and Mallory bodies, a clinical picture resembling 
alcohol induced liver toxicity, pregnancy steatosis or 
Reye’s syndrome. Of interest, the underlying liver disease 
does not predispose to this type of lesion. It is believed that 
the cumulative exposure to NRTI is an important factor for 
the development of lactic acidosis, since it usually appears 
after prolonged treatment, usually years, and correlates 
with the number of concomitant NRTI. In vitro data 
support an additive or synergistic long-term mitochondrial 
toxicity with some NRTI combinations.20 

Anti-Hyperlipidemic Drugs 

The pattern of liver injury from anti-hyperlipidemics is 
typically hepatocellular or mixed in nature with rare 
instances of pure cholestatic picture. The proposed 
mechanisms of hepatotoxicity are varied depending on the 
drug or drug class, and include effects on the cytochrome 
P450 system, impairment of bile acid transport proteins, 
immune-mediated inflammatory response to the 
medication or its metabolites, immune-mediated 
apoptosis by tumor necrosis factor, and oxidative stress 
due to intracellular damage. The anti- hyperlipidemic drug 
with the highest potential for hepatic injury is the 
sustained-release formulation of niacin. HMG CoA 
reductase inhibitors, otherwise known as statins, very 
rarely cause clinically significant liver injury, although 
asymptomatic elevation in amino transferases is common. 

Statins 

Statins competitively inhibit 3-hydroxy-3- 
methylglutarylcoenzyme A (HMG-CoA) reductase, an 
enzyme necessary for cholesterol biosynthesis; they also 
act in several ways to decrease the level of low density 
lipoprotein (LDL) and increase the stability of 
atherosclerotic plaques. Initial studies of statins performed 
on animals revealed that very high doses of statins may 
cause hepatotoxicity, but typical therapeutic doses of the 
drug were not associated with significant liver injury. High 
doses of lovastatin caused significant hepatocellular 
necrosis in rabbits. This pattern of injury was also seen in a 

guinea pig model exposed to high doses of simvastatin. 
However, hepatocellular necrosis from statins is 
exceptionally rare in humans.21 

 Isoflurane, Enflurane, Desflurane 

Postoperative hepatic injury has been reported after 
anaesthesia with isoflurane, enflurane and desflurane. 
Hepatotoxicity results from an immune response directed 
against hepatic proteins altered by trifluoroacetyl or 
trifluoroacetyl-like metabolites of the anesthetics. Only a 
few cases of hepatotoxicity causally related with isoflurane 
have been reported, a finding consistent with its lower 
metabolism and lower levels of formed trifluoroacetyl 
proteins. Isoflurane, enflurane and desflurane undergo 
oxidative metabolism catalyzed by hepatic cytochrome 
P450 2EI. Reductive metabolites produced under hypoxic 
conditions produced centrilobular necrosis in the liver of 
rats. 

Nitrous oxide 

One suggestion of a facilitatory hepatotoxic role and 
nitrous oxide was used in virtually all cases of unexplained 
hepatitis. Possible role could involve increased risk of 
hypoxia, and inhibition of methionine synthetase. Harmful 
effects of enhanced NO production in the liver include 
inhibition of mitochondrial respiratory chain enzymes and 
gluconeogenesis. In cultured hepatocytes, NO inhibits total 
protein synthesis and bile canicular contraction. 

Anti-Rheumatic Drugs 

Anti-rheumatic agents are among commonly used drugs 
associated with adverse hepatic reactions. Sulfasalazine 
and azathioprine are among the most important causes of 
acute hepatotoxicity. A population-based case–control 
study that included 1.64 million subjects found 
sulfasalazine and azathioprine to be among the most 
hepatotoxic drugs of any class, both associated with an 
incidence of liver injury of about 1 per 1,000 users. 

Sulfasalazine hepatotoxicity 

The DMARD sulfasalazine is commonly used to treat RA 
and psoriatic arthritis (PsA). The estimated incidence of 
serious hepatotoxicity was higher (4 per 1,000 users) in a 
cohort of patients with inflammatory arthritis. The 
majority of cases occur within the first month of starting 
sulfasalazine therapy, and these can present either as a 
hepatocellular or cholestatic pattern of liver injury. About 
25% of patients are jaundiced and a proportion of these 
rapidly develop hepatic failure. 

 Azathioprine hepatotoxicity 

As an immunosuppressant, azathioprine is used in the 
treatment of a variety of inflammatory disorders including 
RA and PsA. Hepatotoxic effects associated with 
azathioprine use include acute DILI as well as vascular 
syndromes including nodular regenerative hyperplasia 
(NRH), hepatic veno-occlusive disease and peliosis hepatis. 
Elevated thiopurine methyltransferase activity leading to 
hyper-methylation has been considered a potential 
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mechanism of hepatotoxicity. Alternatively, oxidation of 
azathioprine or 6-mercaptopurine by xanthine oxidase 
might be associated with the generation of reactive oxygen 
species, thus contributing to liver injury. 

Methotrexate hepatotoxicity 

Methotrexate has been in clinical use for more than five 
decades. As a DMARD, methotrexate continues to be a 
first-line drug in the management of early and established 
RA; in PsA its use seems to have increased in the past 
decade, and has improved clinical outcomes. The 
mechanisms underlying methotrexate hepatotoxicity are 
unclear, although they could be related to the cellular 
pathway of the drug. Methotrexate is a folate analog that 
enters the cell bound to folate trasporter 1 and is pumped 
out by the ATP-binding cassette (ABC) family of 
transporters. Methotrexate is retained within the cell as a 
polyglutamate that inhibits dihydrofolate reductase, 
thymidylate synthase and AICAR (5-aminoimidazole-4- 
carboxamide ribonucleotide) transformylase, leading to 
impaired pyrimidine and purine synthesis. In addition, 
methotrexate indirectly affects MTHFR (methylene-
tetrahydro folate reductase) and hence the generation of 
methionine from homocysteine. Methotrexate therapy in 
patients with RA has been shown to raise plasma 
homocysteine levels,although this effect varies depending 
on concurrent administration of folate. Excess 
homocysteine can generate oxidative stress or sensitize 
the cell to its cytotoxic effects. Homocysteine has been 
shown to induce endoplasmic reticulum (ER) stress, which, 
when unresolved, leads to fatty infiltration of the liver. 
Homocysteine, in addition, can also activate 
proinflammatory cytokines. The combination of these 
insults could contribute to the activation of hepatic stellate 
cells, which leads to liver fibrosis. 

 TNF inhibitors induced hepatotoxicity 

Elevated levels of transaminases have been described 
following treatment with the three most extensively 
studied TNF inhibitors- adalimumab, etanercept and 
infliximab. The overall frequency of these events depends 
upon the threshold used to define hepatotoxicity. In an 
analysis that included 6,861 patients with RA over 14,000 
patient-years, enzyme levels elevated to more than twice 
the upper limit of normal were seen in 0.6% of anti-TNF-
treated patients overall; ALT elevations of three times the 
upper limit of normal were seen on 39 occasions and in 
nine cases ALT levels were over five times the upper limit 
of normal. Hepatic sinusoids are involved in the clearance 
of immune complexes via Fc receptor-mediated 
interactions that in turn could activate Kupffer cells to 
release reactive oxygen species or lead to local hepatocyte 
damage. Variability in the reported frequency of 
hepatotoxicity with anti- TNF agents could be related to 
the fact that monoclonal antibodies (such as infliximab and 
adalimumab) form immune complexes more readily than 
soluble receptors (such as etanercept). 

 

Anti-Epileptic Drugs (AED) 

Liver injury associated with antiepileptic drugs (AED) is well 
recognized. The frequency of the most common AED is rare 
but the consequences can be very serious leading to death 
or liver transplantation due to acute liver failure induced 
by these drugs. The mechanisms behind hepatotoxicity 
induced by AED are not clear. Reactive metabolites from 
AED can, in some cases, lead to direct cytotoxicity and liver 
cell necrosis, whereas in other cases this may lead to 
neoantigen formation inducing immunoallergic 
mechanisms. 

Carbamazepine (CBZ) 

Carbamazepine is a widely used antiepileptic drug, and 
regarded as the choice of drug for the grandmal epilepsies. 
It leads to increase in gamma glutamyl transferase and 
lesser extent in alkaline phosphatase (ALP), due to its 
enzyme-inducing properties. CBZ may lead to cholestatic 
and hepatocellular injury, even granuloma formation in 
the liver. The metabolism of carbamazepine is thought to 
play an important role in the pathogenesis of CBZ 
hypersensitivity and hepatotoxicity and it has been 
postulated that metabolites are causative agents. In vitro 
metabolism studies using enzyme inhibitors and purified 
enzymes have indicated that both stable epoxide 
formation and reactive metabolite formations are, at least 
in part, dependent upon CYP 3A4. In vivo CBZ auto- induces 
its own metabolism by CYP 3A4 including the formation of 
ring hydroxyl metabolites 2 and 3 hydroxyl CBZ which 
could be generated from an unstable arene oxide 
intermediate. The arene oxide metabolite may lead to 
hapten formation. Subsequent involvement of the 
immune system results in the tissue injury at the sites of 
hapten formation, including the liver. 

Valproic acid (VPA) 

Valproic acid is a potent antiepileptic drug and is widely 
used. Usually it is well tolerated, but begin elevation of any 
liver enzyme may occur in as many as 20% of patients. 
There is a hypothetical mechanism of toxicity of VPA. This 
hypothesis focuses on the VPA interference with the β– 
oxidation of the endogenous lipids. VPA forms an ester 
conjugate with carnitine that may lead to secondary 
carnitine deficiency. Several lines of indirect evidence and 
in vitro studies indicate that the thioester derivative of VPA 
and coenzyme A may exist as a metabolic intermediate in 
liver tissue. Depletion of coenzyme A or VPA CoA ester 
itself could responsible of inhibition for mitochondrial 
metabolism, ATP loss and leads to cell death. 

 Felbamate 

Felbamate (FBM) is a broad-spectrum anti epileptic 
medication, approved for marketing in the US in 1993, 
which was found to be effective against both partial and 
generalized seizures. Felbamate (2-phenyl-1, 3-
propanediol dicarbamate, FBM) can cause aplastic anemia 
and hepatotoxicity. The mechanism of FBM-induced 
toxicities is unknown; however, it has been proposed that 
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2-phenylpropenal, a reactive metabolite of FBM, is 
responsible. The pathway leading to this metabolite 
involves hydrolysis of FBM to 2-phenyl-1, 3-propandiol 
monocarbamate (MCF), oxidation to 3-carbamoyl-2-
phenylpropionaldehyde (CBMA), and spontaneous loss of 
carbon dioxide and ammonia (Popovic et al., 2004). 

 Phenytoin 

Phenytoin hepatotoxicity is a serious idiosyncratic reaction 
that occurs in less than one percent of patients. The 
phenytion hepatotoxicity can elevate the level of 
aminotransferases, lactic dehydrogenase, alkaline 
phosphatase, bilirubin, and prothrombin time in serum. 
Although the exact mechanism of phenytoin 
hepatotoxicity is unknown; the majority of literature 
supports a hypersensitivity mechanism.22 

Neuroleptic Drugs or Ant-Psychotic Drugs 

Hepatotoxicity of psychotropic drugs occurs in variable but 
small proportion of users and therefore can be considered 
unpredictable or idiosyncratic. Asymptomatic mild 
transient and reversible elevations of liver enzymes occur 
infrequently with both first and second generation 
antipsychotic drugs. These abnormalities occur during the 
first three months of treatment.23 

Chlorpromazine (CPZ) 

Chlorpromazine has been the most extensively studied. 
The clinical features appear to be accounted for by a mix 
of hypersensitivity reaction and metabolite toxicity. 
Chlorpromazine was recognized to produce jaundice. 
Chlorpromazine is the most extensive studied neuroleptic 
and the type of hepatic injury that CPZ produce is the 
prototype of the hepatocellular cholestasis. The 
mechanism of phenothiazines-induced cholestatic disease 
remains uncertain. 

 Haloperidol 

Haloperidol, while structurally similar to phenothiazines, is 
a very rare cause of overt liver disease. The features 
resemble phenothiazines-induced cholestatic injury. 
Chlorpromazine and Haloperidol have an identical 
heptanoic acid side chain and, rarely, have been associated 
with microvesicular steatosis. The side chain is 
metabolized by b- oxidation leading to inhibition of 
medium- and short-chain fatty acid β-oxidation. Thus, both 
drugs are converted by P450 to reactive metabolites that 
can induce a hypersensitivity reaction in genetically 
susceptible individuals. 

 Risperidone and Quetiapine 

Risperidone and quetiapine are two of the most commonly 
used atypical antipsychotic agents. Drug-induced 
cholestasis is the blockage of the flow of bile from the liver 
caused by a drug. This can occur by the agent selectively 
blocking uptake of bile components, interfering with the 
canalicular excretions of bile, or destroying components 
necessary for bile flow. Oftentimes, ALT and AST levels are 
normal or only mildly elevated in cholestatic injury. 

 Amineptine 

Amineptine-induced liver disease is mainly cholestatic, 
although moderate necrosis may be seen. The compound 
has a heptanoic acid side chain. The side chain is 
metabolized by β- oxidation, leading to inhibition of 
medium- and short-chain fatty acid b-oxidation. Thus, both 
drugs are converted by P450 to reactive metabolites that 
can induce a hypersensitivity reaction in genetically 
susceptible individuals.24 

Imipramine 

Imipramine can induce a cholestatic jaundice that 
generally is not progressive.  

MAO inhibitors 

MAO inhibitors, which derive from hydrazine, are all 
potential hepatotoxins. Hydrazines can be metabolized by 
P450 to toxic intermediates. Their metabolism and 
mechanism resemble that of isoniazid, also a hydrazine. 
One substituted hydrazine MAO inhibitor remains 
available, namely phenelzine; there have been case 
reports of hepatitis. 

Acetylcholinesterase Inhibitors 

Tacrine is a reversible cholinesterase inhibitor used for 
Alzheimer’s disease. Remarkably, in about 50% of 
recipients, the ALT exceeds the upper limit of normal; in 
25%, the value is more than three times the upper limit, 
and in 2%, it is20-fold increased. 

The mechanism of toxicity is based on the inhibition by 
tacrine of acetyl cholinesterase, leading to a cholinergic 
coeliac ganglion-induced stimulation of an afferent 
sympathetic pathway, resulting in vasoconstriction, 
leading to impaired perfusion of the sinusoids and 
reperfusion injury mediated by reactive oxygen 
metabolites. These are not mutually exclusive hypotheses 
in that the former mechanism may sensitize to the latter. 
Thus, tacrine undergoes high extraction, suggesting that 
periportal hepatocytes may take up a large proportion of 
the drug; the uncoupling effect would increase respiration 
and O2 consumption in periportal hepatocytes, thus 
limiting O2 availability in the more distally perfused 
perivenular cells; superimposition of decreased O2 
delivery as a result of the effect on the microcirculation 
would further limit O2 in the perivenular zone.25 

Drugs of Abuse 

Cocaine hepatotoxicity has been studied experimentally in 
considerable detail. Toxicity is dose-related.Toxicity seems 
to depend on P450 catalyzed N- demethylation to 
norcocaine, which then is converted to N- 
hydroxynorcocaine by flavin mono-oxygenase. The latter 
redoxcycles to norcocaine nitroxide by receipt of an 
electron from NADPH, and the latter transfers electrons to 
O2, generating oxidative stress. 
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Anti-Hypertensive Drugs 

Methyl dopa is used in the treatment of hypertension. 
Both minor and severe forms of liver damage have been 
reported in patients receiving methyl dopa. The former 
consists of asymptomatic, and often transient, rises of 
serum transaminases and according to various reports is 
found in two to 10 % of patients receiving the drug. The 
liver damage, which may take the form of acute hepatitis, 
chronic active hepatitis or cholestasis occurs more 
commonly in women and there is not the same close 
temporal relationship between the time of onset of overt 
clinical hepatic injury, which in 50% of cases occurs after 
four weeks. In vitro studies have shown that the drug is 
metabolized by both human and rat liver microsomes, by 
the cytochrome P450 system, with consequent covalent 
binding to cellular macromolecules. This covalent binding 
is inhibited by a variety of agents, including glutathione, 
ascorbic acid and superoxide dismutase consistent with 
the oxidation of methyl dopa by cytochrome P450-
generated superoxide anions to a reactive quinone or 
semi-quinone.26 

Other Drugs 

Few other drugs also reported to cause hepatotoxicity are 
Glucocorticoids, Antibiotics (Amoxicillin, Ciprofloxacin, 
Erythromycin), Oral contraceptives and antifungals 
(Fluconazole, itraconazole). 

CONCLUSION 

The list of hepatotoxic drugs is huge and a complete 
coverage is difficult. To sum up thus there are a large 
category of drugs used for different therapeutic indications 
which are toxic to the liver and thus should be cautiously 
administered; particularly when given at high doses or 
used for chronic or long term administration. 
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