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LIVER INJURY CAUSED BY DRUGS
In general, two major types of chemical hepatotoxicity have been
recognized: (1) direct toxic and (2) idiosyncratic. As shown in
Table 361-1, direct toxic hepatitis occurs with predictable regularity
in individuals exposed to the offending agent and is dose-dependent.
The latent period between exposure and liver injury is usually
short (often several hours), although clinical manifestations may be
delayed for 24–48 h. Agents producing toxic hepatitis are generally
systemic poisons or are converted in the liver to toxic metabolites.
The direct hepatotoxins result in morphologic abnormalities that are
reasonably characteristic and reproducible for each toxin. For example, carbon tetrachloride and trichloroethylene characteristically
produce a centrilobular zonal necrosis, whereas yellow phosphorus
poisoning typically results in periportal injury. The hepatotoxic
octapeptides of Amanita phalloides usually produce massive hepatic
necrosis; the lethal dose of the toxin is ~10 mg, the amount found in
a single deathcap mushroom. Liver injury, which is often only one
facet of the toxicity produced by the direct hepatotoxins, may go
unrecognized until jaundice appears.

HPIM19_Part14_p1875-p2102.indd 2023

Toxic and Drug-Induced Hepatitis

DRUG METABOLISM
Most drugs, which are water-insoluble, undergo a series of metabolic
steps, culminating in a water-soluble form appropriate for renal or
biliary excretion. This process begins with oxidation or methylation
mediated initially by the microsomal mixed-function oxygenases,
cytochrome P450 (phase I reaction), followed by glucuronidation or
sulfation (phase II reaction) or inactivation by glutathione. Most drug
hepatotoxicity is mediated by a phase I toxic metabolite, but glutathione depletion, precluding inactivation of harmful compounds by
glutathione S-transferase, can contribute as well.

CHAPTER 361

Liver injury is a possible consequence of ingestion of any xenobiotic,
including industrial toxins, pharmacologic agents, and complementary
and alternative medications (CAMs). Among patients with acute liver
failure, drug-induced liver injury is the most common cause, and evidence for hepatotoxicity detected during clinical trials for drug development is the most common reason for failure of compounds to reach
approval status. Drug-induced liver injury requires careful history
taking to identify unrecognized exposure to chemicals used in work or
at home, drugs taken by prescription or bought over the counter, and
herbal or dietary supplement medicines. Hepatotoxic drugs can injure
the hepatocyte directly, e.g., via a free-radical or metabolic intermediate
that causes peroxidation of membrane lipids and that results in liver cell
injury. Alternatively, a drug or its metabolite may activate components
of the innate or adaptive immune system, stimulate apoptotic pathways,
or initiate damage to bile excretory pathways (Fig. 361-1). Interference
with bile canalicular pumps can allow endogenous bile acids, which can
injure the liver, to accumulate. Such secondary injury, in turn, may lead
to necrosis of hepatocytes; injure bile ducts, producing cholestasis; or
block pathways of lipid movement, inhibit protein synthesis, or impair
mitochondrial oxidation of fatty acids, resulting in lactic acidosis and
intracellular triglyceride accumulation (expressed histologically as
microvesicular steatosis). In other instances, drug metabolites sensitize hepatocytes to toxic cytokines. The differences observed between
susceptible and nonsusceptible drug recipients may be attributable to
HLA haplotypes that determine binding of drug-related haptens on
the cell surface as well as to polymorphisms in elaboration of competing, protective cytokines, as has been suggested for acetaminophen
hepatotoxicity (see below). Immune mechanisms may include cytotoxic
lymphocytes or antibody-mediated cellular cytotoxicity. In addition, a
role has been shown for activation of nuclear transporters, such as the
constitutive androstane receptor (CAR) or, more recently, the pregnane
X receptor (PXR), in the induction of drug hepatotoxicity.

In idiosyncratic drug reactions, the occurrence of hepatitis is usually 2023
infrequent (1 in 103–105 patients) and unpredictable; the response is not
as clearly dose-dependent as is injury associated with direct hepatotoxins,
and liver injury may occur at any time during or shortly after exposure
to the drug. That said, recent data suggest that most agents causing idiosyncratic toxicity are given at a daily dose exceeding 100 mg, suggesting
a role for dose—drugs with low potency must be given in higher doses
that engender greater chances for “off-target” effects. Adding to the difficulty of predicting or identifying idiosyncratic drug hepatotoxicity is the
occurrence of mild, transient, nonprogressive serum aminotransferase
elevations that resolve with continued drug use. Such “adaptation,” the
mechanism of which is unknown, is well recognized for drugs such as
isoniazid, valproate, phenytoin, and HMG-CoA reductase inhibitors
(statins). Extrahepatic manifestations of hypersensitivity, such as rash,
arthralgias, fever, leukocytosis, and eosinophilia, occur in about onequarter of patients with idiosyncratic hepatotoxic drug reactions but are
characteristic for certain drugs and not others. Both primary immunologic
injury and direct hepatotoxicity related to idiosyncratic differences in
generation of toxic metabolites have been invoked to explain idiosyncratic
drug reactions. The most current data appear to implicate the adaptive
immune system responding to the formation of immune stimulatory
compounds resulting from phase I metabolic activation of the offending
drug. Differences in host susceptibility may result from varying kinetics of
toxic metabolite generation and genetic polymorphisms in downstream
drug-metabolizing pathways or cytokine activation; in addition, certain
HLA haplotypes have been associated with hepatotoxicity of certain drugs
such as amoxicillin-clavulanate and flucloxacillin. Occasionally, however,
the clinical features of an allergic reaction (prominent tissue eosinophilia,
autoantibodies, etc.) are difficult to ignore and suggest activation of IgE
pathways. A few instances of drug hepatotoxicity are observed to be associated with autoantibodies, including a class of antibodies to liver-kidney
microsomes, anti-LKM2, directed against a cytochrome P450 enzyme.
Idiosyncratic reactions lead to a morphologic pattern that is more
variable than those produced by direct toxins; a single agent is often
capable of causing a variety of lesions, although certain patterns tend
to predominate. Depending on the agent involved, idiosyncratic hepatitis may result in a clinical and morphologic picture indistinguishable
from that of viral hepatitis (e.g., isoniazid or ciprofloxacin). So-called
hepatocellular injury is the most common form, featuring spotty
necrosis in the liver lobule with a predominantly lymphocytic infiltrate
resembling that observed in acute hepatitis A, B, or C. Drug-induced
cholestasis ranges from mild to increasingly severe: (1) bland cholestasis with limited hepatocellular injury (e.g., estrogens, 17,α-substituted
androgens); (2) inflammatory cholestasis (e.g., amoxicillin-clavulanic
acid [the most frequently implicated antibiotic among cases of druginduced liver injury], oxacillin, erythromycin estolate); (3) sclerosing
cholangitis (e.g., after intrahepatic infusion of the chemotherapeutic
agent floxuridine for hepatic metastases from a primary colonic carcinoma); and (4) disappearance of bile ducts, “ductopenic” cholestasis,
similar to that observed in chronic rejection (Chap. 368) following
liver transplantation (e.g., carbamazepine, levofloxacin). Cholestasis
may result from binding of drugs to canalicular membrane transporters, accumulation of toxic bile acids resulting from canalicular
pump failure, or genetic defects in canalicular transporter proteins.
Clinically, the distinction between a hepatocellular and a cholestatic
reaction is indicated by the R value, the ratio of alanine aminotransferase (ALT) to alkaline phosphatase values, both expressed as multiples
of the upper limit of normal. An R value of >5.0 is associated with
hepatocellular injury, R <2.0 with cholestatic injury, and R between 2.0
and 5.0 with mixed hepatocellular-cholestatic injury.
Morphologic alterations may also include bridging hepatic necrosis
(e.g., methyldopa) or, infrequently, hepatic granulomas (e.g., sulfonamides). Some drugs result in macrovesicular or microvesicular
steatosis or steatohepatitis, which, in some cases, has been linked to
mitochondrial dysfunction and lipid peroxidation. Severe hepatotoxicity associated with steatohepatitis, most likely a result of mitochondrial toxicity, is being recognized with increasing frequency among
patients receiving antiretroviral therapy with reverse transcriptase
inhibitors for HIV infection (e.g., zidovudine, didanosine), although
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