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Drug Induced Hepatotoxicity

Hepatoxicity is the injury or liver 
damage caused by exposure to drugs 
or other nonpharmacological agents. 
Hepatotoxicity caused due to drug is 
also called as Drug induced Liver Injury.1 

Hepatotoxicity of the drugs is one of the 
most common reasons for a drug to be 
withdrawn from market. 

Liver being the main organ which is 
exposed to most if not all the drugs has 
the function to detoxify drugs. Many 
drugs when metabolized may produce 
metabolites which are toxic. In most of 
the cases, the liver is able to neutralize 
these metabolites and convert them 
into non toxic products. However, when 
an excess of drug dose is taken or when 
there is pre-existing liver damage and in 
cases where drugs which induce hepatic 
enzymes are being taken, the metabolites 
will overwhelm the hepatic functions and 
therefore can increase hepatic toxicity. 
Therefore, drugs are the common cause for 
hepatotoxicity.1,2 

Most drug-induced liver injuries fortunately 
resolve once the offending drug is 
withdrawn. But morbidity may be severe 
and get prolonged as recovery proceeds. 
The overall mortality rate for drug-induced 
hepatotoxicity has been documented for 
less than 5%.3

Mechanisms of hepatotoxicity

Most of the drugs are metabolized in the 
liver. The toxic drug metabolites which 
are generated through the metabolism of 
drugs that cause hepatotoxic effect can 
interact with various cell organelles like 
mitochondria, endoplasmic reticulum, 
cytoskeleton, microtubules or nucleus 
leading to hepatic dysfunction and cellular 
demise. Some of the important mechanism 
of drug-induced hepatotoxicity are as 
follows:4-8

1. Drug biotransformation 

Drug biotransformation can sometimes 
lead to the formation of reactive and 
toxic chemical metabolites that can cause 
DNA damage, loss of protein function 
and lipid peroxidation. On the otherhand, 
these metabolites can also activate 
immune response and trigger stress 
in the endoplasmic reticulum and the 
mitochondria which further contributes 
to liver damage. This mechanism of 
hepatotoxicity have been found to be true 
for drugs like halothane.

2. Mitochondrial dysfunction

Mitochondrial dysfunction is a major 
mechanism involved in drug-induced 
hepatotoxicity.

Mitochondria are the powerhouse of the 
cell which is involved in many cell reactions 
providing most of the cell energy like fatty 
acid oxidation, tricarboxylic acid cycle and 
oxidative phosphorylation. Many drugs 
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target this organelle by interfering with 
different functions of the mitochondria.

Microvesicular steatosis has been found to 
be the consequence of severe impairment 
of mitochondrial beta-oxidation. Toxic 
metabolites generated from drugs can 
inhibit beta-oxidation either directly or 
through a primary effect on mitochondrial 
genome or respiratory chain itself.

Milder or more prolonged forms of drug-
induced mitochondrial dysfunction can 
also cause macro-vesicular steatosis. 
Chronic impairment of mitochondrial beta-
oxidation and respiratory chain can lead to 
lipid peroxidation, which in turn may cause 
diverse lesions of steatohepatitis namely 
necrosis and fibrosis.

Mitochondrial toxicity can lead to cell 
death either via necrosis due to ATP 

depletion or apoptosis through the release 
of mitochondrial proteins.

3. Drug transporter mediated hepatotoxicity

Certain drugs need hepatic transporters for 
travelling into and out of the hepatocytes. 
Altered expression of these transporters 
is reported in patients with drug-induced 
hepatotoxicity. For example, polymorphism 
in the canalicular transporter is associated 
with elevated levels of bilirubin and 
jaundice. So, drugs like cyclosporine, 
estradiol can alter the activity of these 
transporters and therefore can lead to 
conditions like cholestatic or mixed type of 
liver injury.

4. Immune mediated response

Activation of kupffer cells, natural killer cells 
and natural killer T cells innate immune 

Table 1. Drugs with hepatoxicity according to the clinical pattern5

Clinical manifestations Drugs
Acute hepatitis

Chronic hepatitis

Fulminant hepatitis

Cholestatic hepatitis

Vanishing bile duct syndrome

Granulomatous hepatitis

Macrovesicular steatosis

Microvesicular steatosis

Steatohepatitis

• Acetaminophen, allopurinol, carbamazepine, 
diclofenac, phenytoin, ibuprofen, isoniazid, naproxen, 
metoprolol, piroxicam, pyrazinamide, valproic acid

• Methyldopa, isoniazid, phenytoin, atorvastatin

• Lamotrigine, nimesulide, isoniazid, clarithromycin

• Phenytoin, amoxicillin-clavulanate, carbamazepine, 
chlorpromazine

• Sulfonamide, beta lactams, carbamazepine

• Allopurinol, aspirin, carbamazepine, chlorpromazine, 
diltiazem, hydralazine, nitrofurantoin, penicillin, 
phenylbutazone, phenytoin, pyrazinamide, 
quinidine, sulfasalazine

• Glucocorticoids, methotrexate, nitrofurantoin, 
ibuprofen, indomethacin, sulindac, metoprolol

• Tetracycline, valproic acid, zidovudine, minocycline

• Amiodarone, tamoxifen
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Corticosteroids Induced Leukocytosis

Adrenocortical steroids such as 
dexamethasone, methylprednisolone, 
prednisone are known to increase the 
white blood cell (WBC) count, the increase 
in WBC count is mostly due to neutrophils 
(polymorphonuclear leukocytes; PMN).1

 Neutrophils are initially released from the 
bone marrow as immature neutrophils 
that are characterized as having a 

nonsegmented, band like appearing 
nucleus.  An increase in the number of 
these immature neutrophils in circulation 
may be a marker of a bacterial infection 
or inflammation, called as a “left shift” in a 
WBC differential count.2 As the immature 
neutrophils become activated or exposed 
to bacterial pathogens, their nucleus will 
take on a segmented appearance.

Even though the mechanism for 
Corticosteroids induced leukocytosis is not 
well understood3, glucocorticoid induced 
increases in WBC counts  might be due 
to demargination of neutrophils from 

system promotes hepatotoxic effect 
through the recruitment of proinflammatory 
cytokines like TNF-alpha, interferon and 
interleukin. These inflammatory mediators 
escalate the inflammatory response which 
is largely responsible for tissue damage. 
Drugs like halothane and phenytoin 
shows hepatotoxic effect through such 
mechanism.

The main clinical and pathological 
manifestations of hepatotoxicity are related 
with their mechanisms of toxicity. Many of 
these manifestations are accompanied 
by unspecific symptoms like discomfort, 
fever, nausea, vomiting, abdominal pain, 
jaundice, dark urine, pale stools, pruritus, 
loss of weight or appetite besides signs like 
increase in hepatic enzyme levels or hepatic 
encephalopathy making the identification 
of hepatotoxicity even more difficult.5

Conclusion 

Early recognition of drug-induced liver 
toxicity is very essential to minimize the 
liver injury. Monitoring of the hepatic 
enzyme levels before and after introducing 
drug therapy is the key to minimize the 

toxic effects. The management is based 
upon proper diagnosis, recognition of the 
offending agent and its withdrawal.
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the endothelial surface of blood vessels, 
delayed transmigration of neutrophils 
into the tissue, delayed apoptosis, and an 
increase in the release of neutrophils from 
the bone marrow.4 Granulocytosis primarily 
by a shift of PMNs from the marginated to 
the circulating pool is a major contributor 
with a minor contribution from marrow 
release.4

Several studies suggests an increases in 
WBC counts greater than 20,000/mm3 as 
early as the first day of treatment and 
reached maximum levels at within two 
weeks.5,6  Approximately, increase in WBC 
counts have been reported to be 4,000/
mm3 in patients taking 40-80 mg of oral 
prednisone.7 Even though variation on the 
degree of leukocytosis was related to the 
dosage administered, it did appear sooner 
with higher doses.5

As a clinician one should be aware of this 
expected side effect and should correlate 
the labs with respect to the patient’s 
clinical condition. In general, Glucocorticoid 
induced leukocytosis is not associated with 
increases in temperature or worsening in 
the condition that is being appropriately 
treated. This understanding will help 
clinicians avoid unnecessary medical work-
up and avoid patient exposure to additional 
drug therapy that is not necessary, such as 
intravenous antibiotics. The corticosteroid 
regimen could be adjusted to attain 

maximal therapeutic benefit with minimal 
adverse side effects. Often, alternate-day 
dosage regimens effectively maintain 
disease remission with minimization 
or lack of Cushingoid and infectious 
complications.6
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