abnormalities is replaced by a paucity and eventual absence of discernible ducts on subsequent biopsies.

ERYTHROMYCIN HEPATOTOXICITY (CHOLESTATIC IDIOSYNCRATIC REACTION)
The most important adverse effect associated with erythromycin,
more common in children than adults, is the infrequent occurrence
of a cholestatic reaction. Although most of these reactions have been
associated with erythromycin estolate, other erythromycins may also
be responsible. The reaction usually begins during the first 2 or 3 weeks
of therapy and includes nausea, vomiting, fever, right upper quadrant
abdominal pain, jaundice, leukocytosis, and moderately elevated
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ANABOLIC STEROIDS (CHOLESTATIC REACTION)
The most common form of liver injury caused by complementary and
alternative medications is the profound cholestasis associated with
anabolic steroids used by body builders. Unregulated agents sold in
gyms and health food stores as diet supplements, which are taken by
athletes to improve their performance, may contain anabolic steroids.
Jaundice in a young male that is accompanied by a cholestatic, rather
than a hepatitic, laboratory profile almost invariably will turn out to
be caused by the use of one of a variety of androgen congeners. Such
agents have the potential to injure bile transport pumps and to cause
intense cholestasis; the time to onset is variable, and resolution, which
is the rule, may require many weeks to months. Initially, anorexia,
nausea, and malaise may occur, followed by pruritus in some but not
all patients. Serum aminotransferase levels are usually <100 IU/L and
serum alkaline phosphatase levels are generally moderately elevated
with bilirubin levels frequently exceeding 342 μmol/L (20 mg/dL).
Examination of liver tissue reveals cholestasis without substantial
inflammation or necrosis. Anabolic steroids have also been used by
prescription to treat bone marrow failure. In this setting, hepatic
sinusoidal dilatation and peliosis hepatis have been reported in rare
patients, as have hepatic adenomas and hepatocellular carcinoma.

Toxic and Drug-Induced Hepatitis

AMIODARONE HEPATOTOXICITY (TOXIC AND IDIOSYNCRATIC REACTION)
Therapy with this potent antiarrhythmic drug is accompanied in
15–50% of patients by modest elevations of serum aminotransferase
levels that may remain stable or diminish despite continuation of
the drug. Such abnormalities may appear days to many months after
beginning therapy. A proportion of those with elevated aminotransferase levels have detectable hepatomegaly, and clinically important liver
disease develops in <5% of patients. Features that represent a direct
effect of the drug on the liver and that are common to the majority of
long-term recipients are ultrastructural phospholipidosis, unaccompanied by clinical liver disease, and interference with hepatic mixedfunction oxidase metabolism of other drugs. The cationic amphiphilic
drug and its major metabolite desethylamiodarone accumulate in
hepatocyte lysosomes and mitochondria and in bile duct epithelium.
The relatively common elevations in aminotransferase levels are also
considered a predictable, dose-dependent, direct hepatotoxic effect.
On the other hand, in the rare patient with clinically apparent, symptomatic liver disease, liver injury resembling that seen in alcoholic
liver disease is observed. The so-called pseudoalcoholic liver injury can
range from steatosis to alcoholic hepatitis–like neutrophilic infiltration
and Mallory’s hyaline to cirrhosis. Electron-microscopic demonstration of phospholipid-laden lysosomal lamellar bodies can help to
distinguish amiodarone hepatotoxicity from typical alcoholic hepatitis.
This category of liver injury appears to be a metabolic idiosyncrasy that
allows hepatotoxic metabolites to be generated. Rarely, an acute idiosyncratic hepatocellular injury resembling viral hepatitis or cholestatic
hepatitis occurs. Hepatic granulomas have occasionally been observed.
Because amiodarone has a long half-life, liver injury may persist for
months after the drug is stopped.

ORAL CONTRACEPTIVE HEPATOTOXICITY (CHOLESTATIC REACTION)
The administration of oral contraceptive combinations of estrogenic
and progestational steroids leads to intrahepatic cholestasis with
pruritus and jaundice in a small number of patients weeks to months
after taking these agents. Especially susceptible seem to be patients
with recurrent idiopathic jaundice of pregnancy, severe pruritus of
pregnancy, or a family history of these disorders. With the exception of
liver biochemical tests, laboratory studies are normal, and extrahepatic
manifestations of hypersensitivity are absent. Liver biopsy reveals cholestasis with bile plugs in dilated canaliculi and striking bilirubin staining of liver cells. In contrast to chlorpromazine-induced cholestasis,
portal inflammation is absent. The lesion is reversible on withdrawal of
the agent. The two steroid components appear to act synergistically on
hepatic function, although the estrogen may be primarily responsible.
Oral contraceptives are contraindicated in patients with a history of
recurrent jaundice of pregnancy. Primarily benign, but rarely malignant, neoplasms of the liver, hepatic vein occlusion, and peripheral
sinusoidal dilatation have also been associated with oral contraceptive
therapy. Focal nodular hyperplasia of the liver is not more frequent
among users of oral contraceptives.
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PHENYTOIN HEPATOTOXICITY (IDIOSYNCRATIC REACTION)
Phenytoin, formerly diphenylhydantoin, a mainstay in the treatment
of seizure disorders, has been associated in rare instances with the
development of severe hepatitis-like liver injury leading to fulminant
hepatic failure. In many patients, the hepatitis is associated with striking fever, lymphadenopathy, rash (Stevens-Johnson syndrome or
exfoliative dermatitis), leukocytosis, and eosinophilia, suggesting an
immunologically mediated hypersensitivity mechanism. Despite these
observations, evidence suggests that metabolic idiosyncrasy may be
responsible for hepatic injury. In the liver, phenytoin is converted by
cytochrome P450 to metabolites, including the highly reactive electrophilic arene oxides. These metabolites are normally metabolized
further by epoxide hydrolases. A defect (genetic or acquired) in epoxide hydrolase activity could permit covalent binding of arene oxides
to hepatic macromolecules, thereby leading to hepatic injury. Hepatic
injury is usually manifest within the first 2 months after beginning
phenytoin therapy. With the exception of an abundance of eosinophils
in the liver, the clinical, biochemical, and histologic picture resembles
that of viral hepatitis. In rare instances, bile duct injury may be the
salient feature of phenytoin hepatotoxicity, with striking features of
intrahepatic cholestasis. Asymptomatic elevations of aminotransferase and alkaline phosphatase levels have been observed in a sizable
proportion of patients receiving long-term phenytoin therapy. These
liver changes are believed by some authorities to represent the potent
hepatic enzyme-inducing properties of phenytoin and are accompanied histologically by swelling of hepatocytes in the absence of necroinflammatory activity or evidence of chronic liver disease.
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can resemble acute cholecystitis or bacterial cholangitis. Liver biopsy
reveals variable cholestasis; portal inflammation comprising lymphocytes, polymorphonuclear leukocytes, and eosinophils; and scattered
foci of hepatocyte necrosis. Symptoms and laboratory findings usually
subside within a few days of drug withdrawal, and evidence of chronic
liver disease has not been found on follow-up. The precise mechanism
remains ill-defined.

TRIMETHOPRIM-SULFAMETHOXAZOLE HEPATOTOXICITY
(IDIOSYNCRATIC REACTION)
This antibiotic combination is used routinely for urinary tract infections
in immunocompetent persons and for prophylaxis against and therapy
of Pneumocystis carinii pneumonia in immunosuppressed persons
(transplant recipients, patients with AIDS). With its increasing use, its
occasional hepatotoxicity is being recognized with growing frequency.
Its likelihood is unpredictable, but when it occurs, trimethoprimsulfamethoxazole hepatotoxicity follows a relatively uniform latency
period of several weeks and is often accompanied by eosinophilia,
rash, and other features of a hypersensitivity reaction. Biochemically
and histologically, acute hepatocellular necrosis predominates, but
cholestatic features are quite frequent. Occasionally, cholestasis without
necrosis occurs, and, very rarely, a severe cholangiolytic pattern of liver
injury is observed. In most cases, liver injury is self-limited, but rare
fatalities have been recorded. The hepatotoxicity is attributable to the
sulfamethoxazole component of the drug and is similar in features to
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