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Introduction 

Grand Rounds take various shapes: narrow and deep or broad and 
expansive (some might say superficial), depending on the topic chosen. Drug­
induced hepatotoxicity is one of the latter, a wide-ranging topic which is relatively 
unwieldy, but nevertheless important for a general medical audience, since liver 
damage is a potential outcome with almost every prescription we write. The liver 
is central to the metabolic disposition of virtually all drugs and xenobiotics (foreign 
substances).1·5 For the most part, this process is accomplished without injury to 
the liver itself or to other organs. A few compounds such as acetaminophen, 
CCI4 and the toxin responsible for mushroom poisoning are toxic themselves or 
produce metabolites which cause liver injury in a uniform, dose-dependent 
fashion.6·10 By contrast, most drugs form a sufficiently toxic byproduct to cause 
liver injury only rarely, and under special circumstances. Generation of a toxic 
metabolite within the hepatocyte may produce direct cell injury with disruption of 
intracellular function and membrane integrity, or may cause indirect injury by 
immune-mediated membrane damage. Factors promoting the accumulation of 
toxins include genetic enzyme variants which allow greater formation of the 
harmful metabolite, induction of an isozyme species which produces more than 
the usual quantity of the toxin, interference with regular (non-toxic) metabolic 
pathways by substrate competition for enzyme, or depletion of required 
detoxifying substrates. 

This review will provide the theoretical background to drug-induced 
hepatotoxicity, outline clinical examples of each of the most common forms of 
liver injury produced by drugs, and address some new issues in drug-induced 
hepatotoxicity, such as use of combination agents and complex multiple drug 
regimens, AIDS-related drugs, alternative health strategies (vitamins and herbal 
remedies) as well as cocaine-related hepatotoxicity. One overall message is 
that, as new compounds are issued, new opportunities for drug-induced 
hepatotoxicity arise. Until extensive experience with any new compound has 
evolved, it is best to maintain a healthy paranoia concerning the safety of newer 
drugs--there are very few totally safe agents. 

Background 
Most drugs and xenobiotic compounds enter via the gastrointestinal tract, 

with a minority being absorbed directly through the lungs or skin, or via a 
parenteral route. Each foreign compound must either be eliminated unchanged, 
metabolized by enzymes, undergo spontaneous chemical transformation or 
simply not be eliminated. To enter the Gl tract and the hepatocyte, compounds 
typically are in lipophilic form in order to cross membrane barriers. Thus, most 
therapeutic agents begin as relatively lipophilic compounds. Metabolism of drugs 
within the liver (biotransformation) is the process by which lipophilic compounds 
are rendered water soluble. Once compounds become hydrophilic, they are 
filtered by the glomerulus or can be excreted in bile via hepatocyte membrane 
receptors which recognize highly polar groups. Typically, the conversion from a 
non-polar to a polar compound takes place in several steps, grouped as phase I 
and phase II reactions. In the phase I reaction, oxidation or demethylation occurs 
which typically results in a hydroxyl group being placed on a carbon-hydrogen 
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skeleton. Oxidation is mediated by the cytochromes P-450, a super-family each 
member of which employs NADPH for electron transfer. 

In a typical phase II reaction, a larger water soluble polar group is attached 
to the hydroxyl oxygen by esterification or by formation of an ether linkage. This 
occurs primarily by glucuronidation or sulfation. Phase II reactions may occur as 
the sole step in hepatic metabolism, or be preceded or followed by the phase I 
process described, as is seen with acetaminophen. The main groups involved in 
biotransformation are listed below. 

Table 1. Important enzyme families 

Enzyme family 

Cytochrome P-450 
Glucuronyl transferases 
Sulfotransferases 
GSH S-transferases 

Cofactor 

NADPH,02 
UDP-glucuronate 
PAPS 
GSH 

Location 

ER 
ER 
Cytosol 
CytosoVER 

Phase 

I 
II 
II 
Neither 

Adapted from Kaplowitz, ref 2 

Many other enzymes such as alcohol dehyrogenase and mono-amine 
oxidase are important in metabolizing individual compounds, but the majority of 
reactions involved in biotransformation stem from those listed above. More than 
60% of drugs are metabolized by the P-450 family of enzymes, so it is important 
to consider P-450 in some detail. 

Cytochrome P-450 
A variety of oxidative reactions are performed by the super-family of 

enzymes which make up the P-450 system.11-15 These include aliphatic and 
aromatic hydroxylation, 0-, N- or S-dealkylation, and dehalogenation. Virtually all 
of these generate a hydroxyl group which can then participate in the phase II 
reactions. 

There are a remarkable number of cytochromes P-450, at least 300 of 
which have been cloned and sequenced. Most are located in the microsomal 
membrane, although some reside in nuclear and cytoplasmic membranes as 
well. P-450's are composed of a unique apoprotein and a heme prosthetic group, 
with a total molecular weight of approximately 50 kd. Each cytochrome has 
limited substrate specificity, although many enzymes subspecies are involved in 
the metabolism of several different compounds. Although more than one 
isozyme may be involved in the metabolism of each xenobiotic, one species 
predominates as the primary metabolic pathway for a given pharmacologic agent 
in a given individual. Groups of isozymes with similar sequence homology which 
function in similar fashion are considered as a single family with subfamilies and 
genes within each subfamily. For examples, cytochromes P-450111 is a family 
which contains an •A• subfamily and several genes, numbered 1 ,2, etc. The 
primary enzyme for the metabolism of erythromycin in humans is P-450111A4, 
sometimes abbreviated 3A4. Enzymes may be induced by drugs or alcohol or 
inhibited by agents which utilize the same iso-enzyme.16, 17 The typical 
reactions for P-450 are shown below. 
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Figure 1. Typical P-450 reactions. 
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hydroxylation 

epoxidation 

The heart of P-450 is the heme ring with an iron center coordinately covalently 
linked to a thiolate ligand, which is capable of the electron transfers required. 
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Figure 2. Proposed strucure of P-450 
From Vessey DA, ref 2 
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Figure 3. Oxygenation 
mechanism of P-450. 
From OM Ziegler, ref 3 

In the process of the typical hydroxylation reaction, reactive oxygen 
species including o- and H202 are created, and these must be dealt with for the 
most part by superoxide dismutase and other protective mechanisms (see 
below). In addition to liver, P-450 systems are also found in kidney, brain, 
intestine and steroidogenic tissues. 

Glucuronldatlon and sulfatlon 
Most compounds require further metabolism beyond a phase I reaction to 

be eliminated. The phase II reactions of glucuronidation and sulfation utilize 
hydroxyl groups to render compounds fully water soluble. Hundreds of 
compounds undergo glucuronidation by formation of ester or ether linkages with 
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UDP glucuronide as shown below. Compounds requiring glucuronidation include 
acetaminophen, morphine, furosemide and bilirubin. A typical gluronidation is 
shown below. 

coo-

uoP~~~H +( 
OH 

UDPGA 

0 
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or 
R-OH 

Xenobiotic 
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R-~-o~ OH 
H OH 
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OH 

H OH 
OH 

Figure 4. Typical reaction of glucuronyl transferase 

The number of glucuronidation enzymes in human liver is much smaller 
than that observed in the P-450 system, and one species may metabolize a large 
number of compounds. Enzyme induction occurs with glucuronyl transferases as 
with most enzymes, and allows us to see how generalized induction works. 
Induction is the process by which the presence of a xenobiotic substrate 
increases the level of enzyme in the hepatocyte, to further aid in its own 
metabolism. Indirectly, it alters the metabolism of other compounds. The most 
common induction agents observed clinically are ethanol, phenobarbital and 
phenytoin, but cigarette smoke is also a potent inducer of certain P-450's. For 
example, phenobarbital induces glucuronyl transferase and in doing so aids in 
the metabolism of bilirubin. We take advantage of phenobarbital induction in 
patients with cholestatic liver disease to augment their faulty bilirubin excretion 
process. Induction involves the generation of increased cellular mANA encoding 
the appropriate enzyme, but the mechanism by which enzyme induction occurs is 
poorly understood. For example, no phenobarbital receptor capable of mANA 
has been identified . . Studies in humans are limited for ethical reasons but recent 
use of hepatocytes in culture has permitted more extensive analysis of the 
induction process. 

Sulfation is a less frequent but equally important mechanism of 
solubilization for non-polar compounds, and is particularly involved in the 
metabolism of steroid compounds and bile acids. 
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Figure 5. Structure of PAPS and a typical sulfation reaction. 
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As with P-450, there are several species of sulfotransferases with 
overlapping specificities. All employ a·-phosphoadenosine-5-phosphosulfate 
(PAPS), which is synthesized from ATP and sulfate ions, produced from 
degradation of hepatic or dietary cysteine. Glucuronidation and sulfation may 
occur simultaneously using the same substrate, depending on the Km and Vmax 
of each system and availability of co-factors. 

Glutathione S-transferase 
Glutathione is the tri-peptide ~-glutamyl-cysteinyl-glycine, the free thiol 

group of which is capable of binding to electrophilic compounds and serves to 
detoxify a number of reactions. Glutathione substrate is depleted in the process, 
and must be repleted by sulfhydryl compounds from the diet, or by cysteine 
containing drugs such as N-acetylcysteine (see below). As such, the glutathione 
S-transferase reaction is central to detoxification of a number of compounds 
including acetaminophen. This family of enzymes is smaller than P-450 but 
includes at least 13 isoforms, many of which have overlapping substrate 
specificities. The typical reaction is shown in the acetaminophen diagram below. 

Pathogenesis of toxic reactions 
Most drug reactions result in hepatocyte necrosis, since the hepatocyte is 

the main metabolic engine of the liver. The most common reaction leading to cell 
necrosis is the formation of covalent bonds between a reactive metabolite of the 
parent compound and cell proteins or DNA. Many of the mechanisms of liver 
toxicity are poorly understood. The best understanding we have is that oxidative 
reactions may go awry if either a reactive electrophilic compound is formed, or if 
oxygen intermediates (such as superoxide or free radicals) are formed which can 
then react with cellular components. The four classes of direct (non-allergic) 
toxic reactions are shown below: 

Table 2. Classes of toxic reactions. 

Protein alkylation 

Necrosis inc by GSH 
depletion 

Necrosis dec by GSH 
precursors 

Necrosis inc by Vit E 
deficiency 

Class A 

++++ 

0 

0 

Class B Class C Class D 

++++ ++++ 0 

++++ 0 ++ 

++++ 0 ++ 

+ ++++ 

Adapted from Smith CV, in ref 3 

Reactive electrophilic compounds typically bind by a disulfide linkage as is 
observed with acetaminophen. 
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Figure 6. Acetaminophen metabolic pathway. 

Drug-induced hepatotoxicity, p. 7 

0 
II ,....c, 

HN CH, 

A jr-D-et-ox-llica_l_ion~j 
Vso 

OH 

0 
II 

,....c ...... 
HN CH3 A 1............-Tox__,lc I 

Vs-Proteln 
OH 

Acetaminophen metabolism has become the paradigm for virtually all our 
understanding of drug metabolism by the liver, and will be covered in detail. 
Although used universally for non-narcotic pain relief, acetaminophen has a 
predictable toxic effect if taken in doses in excess of the package 
recommendations. The metabolic pathway for acetaminophen involves both 
phase I and phase II reactions, glutathione detoxification, and the formation of 
reactive intermediates disrupting cell macromolecules. According to the schema 
listed above, acetaminophen is a class B reaction in that it is sensitive to 
glutathione depletion and restoration of glutathione stores. Acetaminophen 
causes centrilobular necrosis, occurring in the area with the least oxygen tension 
within the hepatic lobule. 

In therapeutic doses, acetaminophen, already bearing a hydroxyl group, is 
non-toxic by virtue of the great excess of glucuronyl transferase and 
sulfotransferase available. 6 As a general rule, glucuronidation capability is in 
great excess of typical daily needs--even patients with far-advanced liver disease 
continue to have excellent glucuronidation capability. These phase II reactions 
(glucuronidation and sulfation) predominate when therapeutic doses of 
acetaminophen are given, with only a small fraction of acetaminophen being 
metabolized directly by cytochrome P-450. However, if the dose of 
acetaminophen is such that the capacity of both sulfation and glucuronidation is 
exceeded, an electrophilic compound, N-acetyl-p-benzoquinoneimine (NAPQI), is 
formed which is capable of binding covalently to cell macromolecules as 
described above, to disrupt mitochondrial and nuclear function.6 The formation 
of covalent bonds is prevented if NAPQI can be rapidly detoxified by conjugation 
via glutathione-S-transferase to form mercapturic acid, a harmless water-soluble 
product, which is then excreted by the kidney. 

Liver damage occurs when depletion of glutathione lowers this last 
defense against the formation of NAPQI-related intracellular compounds. Thus, 
any situation which leads to depletion of glutathione will increase toxicity while an 
increase in available glutathione stores will diminish this effect. Starvation and 
alcohol deplete glutathione, while N-acetylcysteine replenishes glutathione stores 
and protects against acetaminophen-induced injury.16-24 In similar fashion, the 
P-450 isozyme (P-45011E1) which is responsible for acetaminophen conversion to 
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NAPQI is induced by ethanol and blocked by cimetidine.23-25 Thus, ethanol at 
an earlier metabolic step may be responsible for increased toxicity, while 
cimetidine serves as a possible antidote.25-28 

Carbon tetrachloride (CCI4) a lipid peroxldator · 
Other examples of toxic mechanisms which are partly understood include 

that associated with CC14. Certain halogenated hydrocarbons such as CCI4 
cause centrilobular necrosis in a dose-dependent fashion similar histologically to 
the effect observed with acetaminophen, however the mechanism is entirely 
different. ccr. 

~ Cyto P·•SO 

CI3C - CCI3 • •CCI3 + LH __. • L + CHC:3 

l•LH 
L · CCI3 

Figure 7. Possible metabolic pathways of CCI4 reductive reaction. 

The formation of •CCia is an example of an organic free radical by 
cytochrome P-450 or a class C reaction of Smith. The resulting lipid peroxidation 
can be ameliorated by antioxidants, and it is thought that lipid peroxidation itself 
leads to membrane damage particularly involving P-450. This explanation does 
not account for the centrilobular location of the damage, since oxygen tension 
should not play a role in lipid peroxidation. Clinically, this has been observed to 
b~ the cause of liver (and kidney) damage in glue sniffers and those ingesting 
halogenated alkanes.Z,S Time does not permit a further examination of the 
details of drug-related pathogenetic mechanisms. Suffice it to say that the 
mechanism of toxicity of many compounds which are directly toxic, such as 
galactosamine has not been elucidated. No reactive species binding to cell 
proteins or macromolecules has been identified. 

Enzyme polymorphism 
Both acetaminophen and CCI4 are examples of drugs with predictable 

toxicity. However, most drugs do not cause a predictable toxic reaction, with 
injury occurring only in one in 10,000 individuals. Explanations for these rare 
events involve understanding that genetic variants of P-450 isozymes certainly 
exist and may contribute either to lack of metabolism of a given compound or 
excess formation of a toxic substance. Evidence for polymorphisms present in a 
fraction of the population have been accumulated: these include fast and slow 
acetylators of isoniazid, and the debrisoquine polymorphism. 

I e • I 10 1J U U II 10 

Figure 8. Frequency distribution of debrisoquine hydroxylase activity. 
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Debrisoquine is an anti-hypertensive compound unknown in the US, but 
marketed in Europe, and studied extensively, since analysis can be conducted of 
its urinary metabolites. Debrisoquine is hydroxylated by P-450 1106, as is 
propranolol, quinidine and desipramine to name a few. In population studies, 10 
percent of the population lack detectable 1106. Thus, any of the drugs mentioned 
if metabolized primarily by 1106 will have greatly prolonged half-lives. Similar 
defects in population groups have been demonstrated for mephenytoin and 
nifedipine. These defects are inherited as autosomal recessive traits, and involve 
lack of normal mANA production, so that the appropriate apoprotein is not 
made.11 • 12 These studies provide a plausible explanation for the occasional 
and isolated example of a substance which virtually everyone can metabolize 
being toxic for one individual. Allergic reactions play into this system but 
represent a separate step beyond formation of a toxic compound. 

Mechanism of cell damage 
What happens after covalent binding of substrate or lipid peroxidation 

occurs is mostly a matter of conjecture but recent evidence suggests that the net 
effect of the process is an increase in levels of intracellular calcium. Calcium is 
important for regulation of a number of cell functions including maintenance of the 
cytoskeleton and membrane integrity. For example, actin depolymerization and 
polymerization are dependent on ca++ fluxes within the cytosol. Intracellular 
ca++ concentration is maintained at low levels under normal circumstances by 
compartmentalization in the ER and mitochondria and by active extrusion from 
the cell via membrane transporters. Studies in isolated hepatocytes suggest that 
alterations in ca++ homeostasis occurs with influx into the cytosol. NAPQI, for 
example, can be shown to lead to release of mitochondrial ca++ in isolated cells. 
Whether this is the cause or the result of disordered membrane transport is 
unclear. Altered membrane permeability is a key feature, combined with 
blabbing. Blabbing is the result of disordered actin polymerization in the cortical 
cytoskeleton, those filaments which sit just below the plasma membrane. 

Isolated hepatocytes + NAPOI 
I 

GSH depletion + NADPH OMidation 

/~ 
Protein thiol oxidation Mitochondrial Ca release 

and arytation 
I 

Inhibition ol microsomal Ce uptake 
and 

plasma membrane Ca • A TPase activity 

Increased cytosolic Ca 
concentration 

Cyloskelelal changes 
Protease activation 
Lipase activation 

I 

Cell death 

Figure 9. Pathway of cell damage involving increased cytosolic ca++. 
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Figure 10. Disordered cytoskeleton due to increased cytosolic Ca++ 

Figure 11. Scanning EM of normal and 'blabbed' hepatocyte. 

In addition to producing direct toxicity, the formation of reactive 
intermediates may lead to allergic reactions, such as is observed with halothane 
anesthesia. Antibodies to P-450 enzyme species are observed in certain 
hepatotoxic/allergic reactions. Anti-liver kidney microsomal antibodies have been 
recognized in auto-immune chronic hepatitis without evidence of drug 
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involvement, but are also observed in drug related injuries. Nevertheless, even 
though anti-LKM may be directed against a P-450 species, and have been shown 
in vitro to inhibit activity of specific isozymes, there is no evidence that these 
antibodies are reactive in vivo. In addition to disrupting hepatocyte integrity, 
reactive metabolites may lead to toxicity in other organs such as the lung, or be 
carcinogenic or teratogenic. 

Role of physiologic factors 
There should be little doubt that the metabolic fate of any compound is a 

complex process. Table 3 outlines the variables other than the genetics and the 
compound itself which may be at play in determining metabolic outcome.29 

Table 3. Variables determining metabolic outcome 

Age30,31 
Gender31 
Diet 

micronutrients Ca, Fe, Mg, Cu, Zn 
caffeine 
vegetable enzyme inducers 
lipid32 
ethanol16, 17 

Pregnancy 

Diabetes33 

Hepatic disease 

Renal disease34 

Immune stimuli 
lnterferon35 
IL-136 

Genetics 
a summation of multiple alleles37 

Drug-drug interactions 

Age appears to play a role in that metabolic rates are decreased and half· 
lives of many drugs prolonged in the elderly. Conflicting evidence makes it 
unclear whether rates of P-450 metabolism are decreased or whether liver blood 
flow is the determining factor. All things being equal, age is relatively unimportant 
compared to other factors. Although there are differences in metabolism of 
certain compounds depending on gender, and sex steroids may induce certain P-
450 species, gender is also not an overwhelming factor in relation to drug 
hepatotoxicity, with the possible exception of ethanol. Availability of 
micronutrients is essential to metabolic functioning of the hepatocyte. In addition, 
a number of nutrients are capable of inducing P-450, from grapefruit juice to 
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caffeine. Diabetes alters hepatic P450 metabolism, by modulation of P-450 by 
insulin as well as induction of of certain species such as IIE1 by ketone bodies. 
Careful diabetic control restores normal P-450 functioning. Vitamin A itself plays 
a regulatory role in its own retinoid 4-hydroxylase, of possible importance in 
vitamin A hepatotoxicity. Pregnancy changes plasma proteins as carriers of 
xenobiotics, but whether significant changes occur in drug metabolism remains to 
be seen. Significant hepatic disease alters the half-life of most xenobiotics, but it 
is unclear in most instances that P-450 metabolic rates are decreased on a 
weight basis. The major effects may be caused by altered blood flow with 
decrease in hepatic first pass extraction due to this. Renal disease alters 
excretion of water soluble metabolites but also alters P-450 metabolism, and may 
be important in increasing the concentration of toxic metabolites in some 
instances. Although exogenous interferon has been implicated as the cause of 
hepatotoxicity in at least one instance, endogenous interferon levels undoubtedly 
produce direct effects on drug metabolism, as does IL-1. Finally, the most 
important factor is the genetic composition of ones P-450 alleles, in combination 
with the other drugs and diseases extant at the time of drug ingestion. In many 
instances, drug-drug interactions explain the presence of a toxic metabolite, 
either by blocking the normal detoxification pathway, or by induction. 

Types of drug reactions 
As has been mentioned, the leading cause of hepatotoxicity is hepatocyte 

toxicity, that is, reactions involving death of liver cells. However, some drugs 
injure bile ducts or canaliculi causing cholestasis without significant hepatocyte 
damage. Other chemotherapeutic agents affect sinusoidal or endothelial cells 
(producing venocclusive disease, or fibrosis) or Ito cells (vitamin A toxicity which 
leads to fibrosis) or present a particular pattern of liver injury affecting multiple 
cell types (for example, amiodarone). In a rough way, drug reactions can be 
grouped as hepatitic, cholestatic or mixed, but these are only very general terms 
and do not apply to all circumstances. Other ways of organizing drug reactions 
are listed below: 

Table 4. Ways of organizing drug reactions 

timing: fulminant, acute, chronic 

histology: hepatitic, cholestatic, chronic active hepatitis, granulomatous, etc. 

frequency/type of reaction: idiosyncratic, predictable, allergic 

use of drug: anesthetic, antibiotic, non-steroidal, psychotropic 

The most effective way of organizing drug reactions is by the .. type .. of 
reaction resulting, which includes histology as well as nature of the reaction itself. 
Note that this grouping crosses boundaries. It is well also to remember that 
some drugs may never cause hepatotoxicity while others are more frequently 
implicated. 
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Idiosyncratic vs. direct, predictable reactions 
Few agents are directly toxic to the liver, probably because we don't often 

allow ourselves to take poisons, that is, drugs with a low therapeutic index. 
Nevertheless, there are several agents which cause hepatotoxicity in a dose­
dependent fashion to which humans are exposed, the classic being 
acetaminophen. Virtually all other drugs cause hepatotoxicity only rarely, the 
result of the formation of a toxic metabolite from a normally non-toxic substrate. 
These reactions occur at an overall incidence of from 1:100 to 1:1 00,000. How 
does this happen? The best conjectures have been developed as a result of the 
background information given above. Each individual has a unique family of P-
450's and may lead to a toxic metabolite when a bizarre genetically altered 
subspecies is present. These reactions can be enhanced by other factors such 
as age, pregnancy and other drugs. Finally, idiosyncratic reactions frequently 
have an allergic flavor. Presence of rash or eosinophils as well as an anamnestic 
response are evidence of the role the immune system may play. Some drugs are 
capable of causing a variety of reactions. Phenytoin, for example, may cause 
severe fulminant hepatitis, granulomatous hepatitis or hepatitis with a fever, rash 
and lymphadenopathy. It also uniformly induces gamma glutamyl 
transpeptidase, resulting in elevated serum enzyme levels in virtually all patients 
taking the drug. 

It is important to realize also that although nearly every drug has been 
implicated once in causing hepatic damage, there are bad drugs and those which 
never seem to be implicated. The clinician must know the relative likelihood of a 
given drug being involved in a given reaction. For the remainder of this review, 
we will consider each type of drug reaction, give a clinical example and make 
appropriate teaching points about each. 

Table 5. Categories of drugs in the liver, with examples. 

Direct toxic reactions: acetaminophen, CCI4, mushrooms, phosphorus 

Idiosyncratic reactions: isoniazid, disulfiram, propylthiouracil, hundreds of others 

Idiosyncratic/allergic: halothane, augmentin, sulfonamides, phenytoin 

Cholestatic: erythromycin estolate, estrogen, captopril, sulfonamides 

Granulomatous: diltiazem, quinidine, diphenylhydantoin, procainamide 

Alcoholic-hepatitis-like: amiodarone, perhexiline maleate, valproate 

Microvesicular fat: tetracyclines, aspirin, fialuridine, ddl 

Fibrosis only: methotrexate, vitamin A 

Chronic hepatitis: nitrofurantoin, alpha methyl dopa, isoniazid 

Venocclusive disease: cytoxan, herbal teas, other chemotherapeutic agents 

Vasodilation/shock-like state: cocaine, nicotinic acid 
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Acetaminophen: a direct toxin 
Several clinical scenarios for acetaminophen hepatic necrosis are 

recognized. These include the intentional suicidal overdose, in which a large 
quantity of drug is consumed in a short period of time, such that the capacity of 
the glucuronidation and sulfation is exceeded, and the 'therapeutic misadventure,' 
in which an active alcoholic or binge drinker ingests acetaminophen in 
therapeutic or slightly excessive doses for pain relief, suffering enhanced toxicity 
due to the enzyme induction and/or glutathione depletion mechanisms outlined 
above.25-28 The alcohol-acetaminophen syndrome may be the most common 
form of acute liver failure observed in the United States: when combined with 
acetaminophen overdoses, cases involving acetaminophen ingestion accounted 
for 65% of those admitted in the last two years for acute liver failure at Parkland 
Memorial Hospital in Dallas (unpublished observations). Acetaminophen has 
been implicated in causing chronic hepatitis in habitual acetaminophen abusers 
as well.38 
Clinical case: 

This 39 yr old alcoholic man was admitted to Parkland Memorial Hospital 
with altered mental status. He had a history of heavy alcohol intake (18-24 
beers/day), and had been treated for a pancreatic pseudocyst 10 months earlier. 
He complained of chronic hangovers and had been taking acetaminophen, 3 
extra strength tablets, every 4 hrs for the previous 72 hrs (total ca. 60 tablets). 

On admission, he was tachycardic and tachypneic. Hepatic dullness was 
decreased. AST 14,400 IU/L, AL T 11,320 IU/L. Lactate level 5.5 mg/dl, T bili 
12.4 mg/dl, prothrombin time 47 sec. The patient was resuscitated but never 
regained consciousness and died on the 8th hospital day. 

This case represents a typical example of the alcohol-acetaminophen 
syndrome. Key features are excessive chronic alcohol intake (usually more than 
6 drinks/day, plus excessive acetaminophen, but without suicidal intent. This is 
the "therapeutic misadventure." Usual features include both the alcohol 
ingestion, and the acetaminophen at doses approaching or exceeding the 
package recommendations. Diagnostic is the finding of extremely elevated 
transaminase values (mean ca 9,000 IU/L). High AL T values are also seen in 
suicidal acetaminophen ingestions. N-acetylcysteine is given by NG tube on 
admission, and for the ensuing 48 hrs, to provide glutathione substrate. 
Expected survival is approximately 80%. 

Isoniazid: an idiosyncratic drug with potentiation by other drugs 
By contrast, isoniazid represents an example of an unpredictable or 

idiosyncratic drug reaction: damage is not caused in a dose-related fashion, and 
no animal model of isoniazid toxicity is known. Since the 1960's, many examples 
of hepatotoxicity due to isoniazid have been noted. Fifteen to 20% of individuals 
receiving isoniazid as a single agent for tuberculosis prophylaxis may develop 
increased transaminases, but only around 1 percent develop hepatic necrosis 
necessitating withdrawal of the drug. During one study of isoniazid prophylaxis 
reported in 1972, a 1% fatality rate was reported, calling attention to the potential 
lethality of this agent.39 Although most recent studies have shown a somewhat 
lower fatality rate than this, the risk-benefit ratio of widespread use of isoniazid 
prophylaxis is still an active issue at this point.40-44 
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Clinical case: 
This 38 year old construction worker was found to have a positive PPD 

and was begun on isoniazid by his county health department. He was told not to 
consume alcohol. Over the first six months, he tolerated the drug well, continued 
to work and to consume 2-5 beers/night. At monthly visits, he was asymptomatic. 
His transaminase (AL T) level was noted to be 53 in July, and 273 in August. He 
missed his September appointment, but continued to take his isoniazid. In mid­
October he developed flu-like symptoms, and was admitted with jaundice and 
early hepatic encephalopathy. Labs: AST 693 IU/L, ALT 817 IU/L, total bilirubin 
23.6 mg/dl, prothrombin time 17.4 sec. Over the next four weeks, he remained 
lethargic and intermittently confused. Liver percussed to be small, and ascites 
became apparent. Liver biopsy could not be obtained. PT 23.6 sec, bilirubin 31 
mg/dl, creatinine 2.7 mg/dl. A liver transplant was performed and the patient 
recovered uneventfully. 

Several features explain the relatively common (albeit sporadic) toxicity 
observed. First, alcohol may be a co-factor in enhancement of toxicity, as is 
simultaneous use of rifampicin. Rapid acetylators of isoniazid have been said to 
have an increased likelihood of toxicity as well, although this remains 
controversial, with additional studies suggesting that 'slow acetylators' display 
more toxicity than 'fast acetylators'. In this light, we might say that these 
reactions which are called idiosyncratic are not really so, they are simply 
uncommon, and occur when a series of genetic and environmental influences on 
drug metabolism coincide to produce sufficient quantity of the toxic byproduct. 
No evidence of an allergic reaction is found in most patients with isoniazid 
toxicity. 

Halothane: a toxic/allergic reaction 
Halothane is now a rarely used anesthetic agent which was extremely 

popular for a number of years. Debate over the relation of halothane to post­
operative jaundice flourished in the 1970's and early 1980's, with many 
anesthesiologists denying the possibility that this was a toxic agent. Reactions to 
halothane anesthesia are now well-documented and the pathogenesis is 
understood to be both a toxic and allergic reaction. 45-49 

Clinical case: This 29 yr old schoolteacher suffered an extensive fracture of her 
tibial plateau in a mountain climbing accident. She was seen in a local hospital 
and underwent open reduction and internal fixation. Five days later, she was 
febrile and slightly icteric (bilirubin 3.7 mg/dl). Wound infection was suspected 
and the wound was re-explored under anesthesia. Fever returned to 39° and 
she became more icteric, with bilirubin rising to 1 0.3. A second exploration of the 
wound was performed, and the following day the patient was comatose. Bilirubin, 
32 mg/dl, PT 42 sec, eosinophils 12% on peripheral smear. Despite all 
supportive measures she died. The liver at autopsy weighed 650 grams and 
showed massive hepatic necrosis. Essentially no remaining hepatocytes were 
recognized. Halothane anesthesia had been used on all three occasions. 

Like that occurring with isoniazid and other so-called idiosyncratic 
reactions, halothane hepatitis occurs only relatively rarely (1: 10,000 anesthetics). 



Drug-induced hepatotoxicity, p. 16 

Most patients with this problem are seen on surgical subspecialty services such 
as gynecology, plastic surgery or orthopedics where several procedures are 
accomplished in a short period of time. Although there is usually no rash, 
halothane's clinical signature is reminiscent of an allergic reaction. The initial 
elevation in am inotransferases occurs at an interval of seven to ten days 
following initial exposure, while on re-exposure the interval between halothane 
exposure and symptoms shortens due to an anamnestic response. Thus, 
reactions to the second and third exposures occur more quickly and are typically 
more severe than the first. Also characteristic of the halothane toxicity picture is 
fever and eosinophilia, which increases in severity and duration with subsequent 
exposures. The initial episode often occurs after the patient has left the hospital 
and may be unrecognized or considered to be unrelated to the recent 
hospitalization. Only with subsequent more devastating episodes does the 
nature of the original episode become clear. Of course, the initial exposure may 
take place years before the second anesthetic. The reaction which causes the 
allergic response is the formation of electrophilic metabolites which bind to cell 
proteins. These protein adducts provide an initial toxic response, but also serve 
as a hapten for antibody formation. During subsequent exposures, antibody and 
cellular recognition of the halothane-protein adduct antigen on the hepatocyte 
surface leads to celllysis.47 

Phenytoin: an allergic hepatitis 
Besides halothane, other drugs may be associated with reactions which 

are definitely allergic in nature. Signs of a systemic allergic reaction include 
fever, rash, lymphadenopathy, eosinophilia and the presence of eosinophils or 
granulomas on biopsy. Phenytoin (Dilantin) is a cause of this picture, and the 
clinical features include both hepatocyte necrosis and cholestasis.50,51 The 
mechanisms responsible for the combined allergic and hepatotoxic reaction are 
unknown, but the slow resolution of the illness, suggests that the allergen 
remains actively present on the hepatocyte surface for weeks or months. 

Clinical case: A 32 yr old woman underwent resection of an arteriovenous 
malformation of the right temporal-parietal region, and was placed on 
diphenyhydantoin as prophylaxis against possible siezures. She made an 
uneventful recovery, and was discharged to a rehabilitation facility two weeks 
later. Four weeks after her surgery, she developed fever, sore throat and 
lymphadenopathy. Liver function tests were noted to be elevated: aspartate 
aminotransferase (AST) 253 IU/L, total bilirubin 3.6 mg/dl, alkaline phosphatase 
265 IU/L. Penicillin V was prescribed for presumed pharyngitis. Fever continued, 
the patient became jaundiced and developed a widespread rash; 
diphenylhydantoin was discontinued and phenobarbital substituted. The bilirubin 
level continued to rise and intravenous hydrocortisone was begun, 100 mg every 
six hours. On transfer to our hospital ten days later, the patient was febrile, 
deeply icteric, with a desquamating rash, including mucous membranes. Total 
bilirubin was 23.2 mg/dl, AST 74, alkaline phosphatase 874 IU/L. She required 
intensive care over the next two weeks, developing an episode of Streptococcal 
sepsis, and a further drug eruption attributed to phenobarbital. Over the next six 
weeks, she demonstrated slow improvement in her rash and liver enzyme 
abnormalities. By three months following the episode, her alkaline phosphatase 
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and aminotransferases were still mildly abnormal, although her bilirubin was 
within normal limits. 

This case highlights some of the frequently observed components of the 
hypersensitivity hepatitis syndrome, or mononucleosis-like syndrome seen with 
phenytoin but also with other agents. First, the condition may be confused with 
other conditions such as viral illnesses or streptococcal pharyngitis. If this 
occurs, the offending agent may not be discontinued promptly, despite signs of 
developing hepatitis. Second, the condition represents a systemic illness with a 
.. Stevens-Johnson• drug eruption and prolonged fever. Resolution occurs very 
slowly even with use of large dose corticosteroids. Third, a mixed cholestatic­
hepatocellular picture was observed. Rapid recognition of the possibility of a 
toxic drug reaction and discontinuation of the agent is the most important feature 
in limiting hepatic damage. Allopurinol is another drug which causes this severe 
hypersensitivity syndrome. It is important to remember that features of an allergic 
reaction may (or may not} be obvious. Allergic features are not detected in the 
majority of the drug reactions grouped as idiosyncratic. In the absence of 
systemic signs of allergy, eosinophilia as well as granulomas still may be present 
on biopsy. 

Cholestatic reactions 
A number of drugs mainly affect bile flow and thus cause a cholestatic 

injury. The classic agent was chlorpromazine, which is rarely a problem 
nowadays, either because the drug is used less frequently or because a toxic 
byproduct which was the prominent cause of the cholestasis has been more 
carefully extracted during chlorpromazine production. Typically, jaundice is 
present early with associated pruritus but little alteration in general well-being. 
Liver biopsy reveals what one would expect: there is engorgement of the 
canaliculi with bile, but little evidence of hepatocellular injury. Eosinophils may be 
found in mildly inflamed portal tracts. 

Clinical case: 
This 57 yr old housewife was admitted for evaluation of pruritus and 

abnormal liver function tests. One months earlier, she had developed pruritus 
and sought medical attention on several occasions without relief; two forms of 
anti-histamines were given without success. Her gynecologist noted that she had 
abnormal lab values and referred her for evaluation. She denied alcohol or toxin 
exposure. There was no abdominal pain, nor had she been jaundiced. Stools 
had been normal to slightly loose, but she had had no weight loss. Mads: 
vitamins, Estrace (estradiol}, numerous anti-histamines. 
On physical exam: no spiders, trace icterus, no hepatosplenomegaly. Labs: T bili 
3.2 mg/dl, AP 197 IU/L, AST 62 IU/L, LDH 210 IU/L, CBC normal except WBC 
18,000/ cu mm, normal differential, and pit count. 

Differential included pancreatic cancer, choledocholithiasis, as well as a 
possible drug reaction. USG: normal, ERCP: normal, liver biopsy: bland 
cholestasis. Discontinuation of Estrace resolved her symptoms and lab 
abnormalities over a four week period. 

The list of drugs which cause pure cholestatic injury is relatively short, but 
includes estrogens, chlorpromazine,52 trimethoprim-sulfamethoxazole, rifampin, 
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erythromycin estolate and captopril.53 The patient had been treated with 
estrogens some years earlier for several years, and was withdrawn for unclear 
reasons, then restarted six months prior to onset of symptoms. The mechanism 
of cholestatic injury remains unclear. Estradiol and other estrogens have been 
shown to decrease bile flow, decrease Na+-K+ ATPase, change tight junctions, 
as well as alter hepatocyte membrane fluidity. An effect on microtubular function 
may also be important. Given the large number of women (and men) on 
estrogens, cholestasis is remarkably rare and implies an altered metabolic 
pathway. 

Granulomatous reactions 
Lesions resembling sarcoidosis in the liver are caused by a variety of 

drugs. The typical scenario is that of other forms of granulomatous hepatitis: low­
grade fever, chronic fatigue. The list of possible agents is long. 

Table 6: Drugs associated with granulomatous liver disease. 

allopurinol 
aspirin 
carbamazepine 
cephalexin 
diazepam 
diltiazem 
halothane 
hydralazine 
isoniazid 
metahydrin 
methyl dopa 
metolazone 

Clinical case54 

nitrofurantoin 
penicillin 
phenylbutazone 
phenytoin 
procainamide 
procarbazine 
oxyphenbutazone 
quinidine 
sulfonamide 
sulfonylureas 

Adapted from Maddrey and Zimmerman, ref 1. 

This 68 yr old woman sustained a myocardial infarction and was placed on 
diltiazem 120 mg TID as well as aspirin 150 mg/day. Three weeks later, she was 
admitted with fever and generalized weakness. Exam was unrevealing but 
alkaline phosphatase was increased to 1331 IU/L, AST 94 IU/L. Total bilirubin 
and prothrombin time were normal. Blood cultures were negative. Liver biopsy 
revealed periportal granulomas. Diltiazem treatment was stopped and her aspirin 
continued. She defervesced and enzymes and sense of well-being continued to 
improve over a five week span, at which time her tests returned to normal. 

Granulomatous hepatitis is often a mysterious illness. First symptoms 
include fever and malaise, while other signs of infection or systemic illness are 
absent. While the differential of granulomatous hepatitis is long, hypersensitivity 
reactions to drugs is a leading bet, and in this case proved to be the correct one. 

Chronic hepatitis secondary to drugs: 
A variety of agents have been found to cause a more indolent form of liver 

damage which closely resembles autoimmune chronic active hepatitis. 
Hyperglobulinemia and positive tests for anti-nuclear antibodies may be detected. 
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The classic agent here was oxyphenisatin, marketed as a laxative in the US 
(Dialose plus). 55 This agent has since been removed from the market but is still 
available in parts of Europe. While some drugs like oxyphenisatin have been 
withdrawn from the market, others continue to be available, in large part because 
the incidence of reactions remains quite low. Early identification of chronic drug­
related hepatitis is not easy, and some patients may develop established 
cirrhosis prior to diagnosis. It is always difficult to implicate a drug or toxin as a 
cause of cirrhosis when other factors such as alcohol or unrecognized viral 
hepatitis may be present. Nevertheless, alpha methyldopa56 nitrofurantoin,57-61 
isoniazid40 and propylthiouracil have clearly been implicated. Because these 
drugs are taken chronically for relatively benign conditions, surveillance for 
untoward drug effects, and concern about multiple prescription renewals may not 
be stressed. This is particularly true for nitrofurantoin (Macrodantin, nitrofurantoin 
macrocrystals), which many people take chronically for control of recurrent 
urinary tract infections. 

Clinical case: 
This 34 yo mechanic presented with chronic fatigue and jaundice of 

several months' duration. He had no known toxin exposures, and denied risk 
factors for viral hepatitis. Over the past five years, he had been treated for 
recurrent prostatitis by his physician on numerous occasions, and in fact had a 
standing prescription for Macrodantin at the pharmacy. He denied alcohol intake. 
On exam, occasional spiders were noted, as well as jaundice, 
hepatosplenomegaly, ascites, and peripheral edema. T bili 13.6, AST 560 IU/L, 
AL T 760 IU/L, albumin 26 gm/L globulin 5.2 mg/dl, ANA + 1 :320. Liver biopsy 
revealed florid chronic active hepatitis with early cirrhosis. The patient was 
treated with prednisone 40 mg/day and withdrawal of Macrodantin. Six months 
later, on 5 mg prednisone, his enzyme levels were normal, albumin level3.7, and 
he felt well. 

In many instances, the patient does not consider a urinary antibiotic a real 
drug and will not admit to its use, simply because it is used as needed, with a 
readily renewable prescription. This is the hallmark of most such cases. Alpha­
methyl dopa was a commonly used anti-hypertensive now rarely prescribed. 
Both drugs may be a cause of cryptogenic cirrhosis without florid hepatitic 
features. 

Fatty liver and alcoholic hepatitis-like syndromes 
Fatty liver is ordinarily not a drug-induced problem, being most commonly 

related to obesity, diabetes, alcohol and only occasionally to steroid therapy. 
However, several drugs appear to cause the evolution of a picture similar to 
alcoholic hepatitis, sometimes termed steatonecrosis. One recent agent which 
has an unusual histologic and clinical profile is amiodarone. This potent anti­
arrhythmic agent is used for life-threatening ventricular tachycardia, but has been 
shown to cause severe liver damage acutely or in a more chronic form,62-65 as 
part of its multisystem toxicity. Many patients have aminotransferase elevations, 
and these patients will demonstrate the characteristic finding, a lesion which 
resembles very closely alcoholic hepatitis, and can proceed on to alcohol-like 
cirrhosis in as little as a few months' time. Electronmicroscopic studies show 
prominent lysosomal inclusions similar to those seen in the phospholipidoses 
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such as Niemann-Pick disease. Accumulation of phospholipid and the 
development of Mallory's hyaline and other alcohol-like features may not be 
linked directly, (except that both are part of the amiodarone toxicity picture). 

Clinical case: A 30 yr old teetotaler with idiopathic cardiomyopathy was begun 
on amiodarone for recurrent ventricular arrhythmias. Holter monitor showed a 
marked decrease in ventricular irritability, and he was continued on medication 
for five months when it was discontinued because of weight loss, elevated thyroid 
function studies, and elevated AST levels (91 IU/L). Bilirubin and alkaline 
phosphatase levels were normal. Thyroid function returned to normal and his 
weight improved, but after ten months his liver function tests were unchanged. A 
liver biopsy revealed classic features of alcoholic hepatitis with steatosis, 
Mallory's hyaline, and a neutrophilic infiltrate throughout the biopsy. Features of 
early cirrhosis were present. Electronmicroscopic examination revealed lamellar 
lysosomal inclusions. Three hundred and five days after discontinuation of the 
drug, amiodarone was still present in plasma. Because the drug is very lipophilic 
and is stored in fat depots within the body, the plasma half-life is at least several 
weeks, and it clearly can remain in the body for extremely long periods of time. 

Microvesicular fat: nucleoside hepatopathy in AIDS 
Microvesicular fat within hepatocytes carries a different meaning from the 

presence of macrovesicular steatosis discussed above. Fine vesicles appearing 
within hepatocytes are associated with considerable cellular dysfunction without 
death of hepatocytes. This is the lesion of fatty liver of pregnancy, intravenous 
tetracyclines and Reyes syndrome (with aspirin implicated). Macrovesicular 
steatosis has been described recently in association with AIDS and use of 
zidovudine (AZT).66-68 Eight cases associated with zidovudine usage have 
recently been described, as well as at least one case related to didanosine 
(ddl).69 These cases are of particular interest in light of the recent tragic 
experience of patients participating in a study of a new nucleoside analogue for 
treatment of hepatitis B infection, fialuridine (FIAU). After nearly eight weeks of 
therapy, several patients entered the hospital almost simultaneously with lactic 
acidosis, hepatic failure, and severe microvesicular steatosis; five of the nine 
patients died, despite prompt discontinuation of drug in all, and transplantation in 
most.70,71 The previous ddl case had an identical picture, with profound and 
progressive lactic acidosis. Both FIAU and ddl (and AZT in certain cases) may 
produce uncoupling of mitochondrial oxidation leading to anaerobic metabolism. 
It is likely that some of these cases are under-diagnosed because it is difficult to 
be sure in patients with advanced AIDS, multiple infections, and multiple drugs 
which drug/virus/bacterium is responsible for the evolving toxic reaction. It will be 
necessary in the future to be aware of the possibility of nucleoside analogue­
related mitochondrial dysfunction. 

Silent fibrosis/cirrhosis 
Several agents are capable of causing gradual evolution to cirrhosis, 

without manifesting any clinical illness in the process. Methotrexate is the most 
cited example. With this agent, which is used in patients with severe psoriasis or 
rheumatoid arthritis, toxicity develops over several years, without any evidence of 
hepatitis clinically or biochemically.73,74 This poses a problem in surveillance of 
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these patients since even aminotransferase levels may be entirely normal while 
the disease develops. Liver biopsy represents the only sure way of diagnosing 
the condition. Psoriatic patients appear to have mild liver abnormalities on biopsy 
even prior to treatment with methotrexate and this has been attributed to 
recurrent bacteremia secondary to their skin disease. Occult alcoholism is also a 
factor when considering methotrexate use, since many psoriatic patients have 
severe psychosocial problems as well as difficulty sleeping due to their skin 
problem. Although guidelines vary, most clinicians with wide experience perform 
a biopsy after a total dose of approximately 2500 mgms, and perform a pre­
treatment biopsy in anyone who has any degree of liver test abnormality or where 
there is any suspicion of excess alcohol intake. Perhexiline maleate, alpha 
methyl dopa56 and vitamin A75 have also been implicated as causes of a similar 
syndrome. 

Clinical case: 
This 76 yr old physician was referred for management of ascites. He had 

long·standing diabetes and was diagnosed in 1975 with prostate cancer. He 
underwent orchiectomy and, at a nutrition institute, began a high beta carotene 
diet consisting of vitamin A plus fresh carrot juice. For at least one year, his 
family reports that his skin was orange-yellow. He underwent coronary bypass 
surgery uneventfully in the late 1970's and developed signs and symptoms of 
cirrhosis over the last five years. Liver biopsy performed at the time of 
cholecystectomy in 1989 disclosed macronodular cirrhosis. All hepatitis 
serologies are negative including hepatitis A, 8, and C. Alpha-1 antitrypsin level, 
ferritin and PSA level are all normal or negative. AST 26 IU/L, ALT 24 IU/L, T bili 
1.2 mg/dl, album in 23 gm/L. 

In the absence of other apparent etiologies, this man is believed to have 
vitamin A toxicity as the cause of his cirrhosis. Management consisted of 
spironolactone therapy and, subsequently, sclerotherapy for variceal 
hemorrhage. 

Alternative health agents 
Over-the-counter preparations are assumed to be safer than prescription 

drugs, but this is not always the case. Dialose plus was one such example. 
Particular hazards reside in the health food store, where all agents are assumed, 
even if not effective, at least not to be toxic. Part of the problem resides in this 
implicit assumption of safety. Patients do not assume that any toxicity accrues 
from either cumulative doses or use of higher than recommended doses. 

Clinical case: 76 This 33 yr old woman noted a breast lump and began, on the 
advice of a friend, to take Chaparral Leaf tablets, 15 per day. After three months, 
she developed nausea, anorexia and dark urine. She decreased the number of 
tablets to one/day, and noted some improvement After several weeks, she 
increased the dose to seven tablets/day, and once again noted fatigue, jaundice 
and increased abdominal girth. Liver function tests included a bilirubin of 12 
mg/dl, alkaline phosphatase of 285 IU/L, and an aspartate aminotransferase of 
1,285 IU/L. She discontinued the medication, and made a slow recovery over the 
next 11 months. Liver biopsy at the time of hospital discharge was consistent 
with subacute hepatic necrosis. 
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Note that the dose which she took was totally at her own discretion. The 
lack of adequate supervision of medications in the setting of alternative health 
strategies may be a real problem for the future. The list of alternative health 
agents implicated as a cause of toxicity besides vitamin A,75,77 includes 
Jamaican bush tea, germander,78,79 and comfrey.SO 

Safety profiles may change when apparently safe agents are reformulated. 
For example, a tried and true drug, nicotinic acid, demonstrated greatly increased 
hepatoxicity when repackaged in a sustained release form. Although hepatoxicity 
had been recognized with high dose therapy previously, no examples of severe 
toxicity had been observed in the usual therapeutic doses. However, the flushing 
reaction most patients experience on standard doses limits use of the drug for 
many individuals and inhibits excessive dosing. Once a sustained release 
formulation of nicotinic acid became available, reports of fulminant hepatitis and 
shock secondary to this agent began to appear.81-83 

Combination agents with increased hepatotoxic potential 
It should not be surprising that drugs interfere with each other's 

biotransformation. It is more remarkable that interference of drugs one with 
another does not occur more often. There are several circumstances where drug 
combinations come together. The first is when drugs are combined in a single 
agent such as trimethoprim-sulfamethoxazole84 (Bactrim, Septra) and 
amoxicillin/clavulanic acid85,86 (Augmentin). Numerous examples of 
hepatotoxicity have been reported with each of these combination agents, which 
exceed the sum of those associated with each agent's toxicity alone. The 
mechanism of injury here involves induction of P-450 by one agent, which then 
heightens the formation of a toxic metabolite by the other. A mixed 
hepatocellular-cholestatic hepatitis with fever, rash and eosinophilia ensues. 

A different example is that observed with frequently-used single drug 
combinations, such as isoniazid and rifampicin as anti-tuberculous therapy.87,88 
Either agent alone can be the cause of an hepatotoxic reaction, although 
rifampicin usually causes primarily cholestasis. By inducing the P-450 isozyme 
responsible for isoniazid N-demethylation, rifampicin enhances isoniazid toxicity 
by formation of a toxic hydrazine. Many further examples will be observed when 
four and five drug regimens are instituted for resistant tuberculosis. Some 
reports of this have already appeared. 89-92 

Cocaine 
The widespread illicit use of cocaine has become a national menace for 

reasons which are not directly relevant to its innate hepatotoxicity. Little has 
been written about hepatic injury with cocaine; nevertheless, this drug is a potent 
contributor to the death of certain patients who, after cocaine ingestion, develop 
shock, disseminated intravascular coagulation, and evidence of myonecrosis. In 
these instances, the liver toxicity is almost certainly ischemic in nature, the result 
of the systemic hypotension induced by coronary (and systemic arterial) 
vasospasm with congestive heart failure.93 Sorting out more subtle forms of liver 
injury in drug abusers is complicated by concomitant alcohol use (which induces 
P450 and increases cocaine metabolism to toxic byproducts),94 and the 
presence of other viral agents as causes of hepatitic symptoms and signs.95,96 
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General diagnostic and therapeutic measures 
The diagnosis of drug-induced liver injury is often obscured by difficulty in 

reconstructing the timing of drug ingestion from the patient's history. Essential to 
the diagnosis is that the patient was not ill before the drug, became ill while on 
the drug, and in most cases, showed remarkable improvement with drug 
withdrawal. Since drug-related hepatitis is potentially fatal, it is vital to maintain a 
healthy respect for the possible severity of the hepatic reaction, and to stop any 
potentially offending medication if it temporally seems to be a possible culprit. 
Frequently, there are several possible villains. In this case, the best way to 
implicate the offending drug is to make a careful timeline of the agents and to 
eliminate those which have been taken for years, and those begun after the 
symptoms or laboratory abnormalities were noted. After that, one can usually 
suspect drugs which were begun in the previous two to three months as the most 
likely agents. With this short list, one can then usually consult a list of the more 
common offenders and find the perpetrator. This is the main reasons for lists of 
drugs such as those found in this protocol! Many drugs are virtually never 
implicated as causes of hepatotoxicity, but we just don't make a list of these. 
Some agents in this list would include digoxin, theophyllin, phenobarbital. Note 
that this group includes mostly old standard drugs which have withstood the test 
of time. 

The mainstay of treatment for drug-induced hepatotoxicity is withdrawal of 
the offending agent followed by observation of the patient for the expected 
improvement. Improvement should follow within days, but often takes weeks or 
even months for the symptoms and liver enzyme pattern to fully resolve. Certain 
agents such as augmentin and phenytoin have been associated with a syndrome 
in which the condition actually worsened for several weeks after the drug was 
withdrawn and required months to resolve. If signs of hepatic failure are present 
(or there is laboratory evidence of this, such as elevated prothrombin time), then 
acute liver failure may be developing and hospitalization is mandatory.97 The 
prognosis for drug-induced acute liver failure is dismal, with more than an 80% 
mortality rate in most series.98 Steroid treatment may be used for prolonged 
symptoms, as it is in the phenytoin hypersensitivity syndrome, but controlled trials 
have not been performed to prove that there is any efficacy. Intentional 
overdoses must be treated as any poisoning with appropriate emergency 
measures. Suspected acetaminophen overdosage is treated with N-acetyl 
cysteine, even when the ingestion has occurred 36 hours or more previously. 
Hemodialysis or hemofiltration is rarely indicated. 

New agents 
Each year, dozens of new pharmacologic agents appear. The pressure 

from the public as well as the pharmaceutical industry to bring new agents to 
market is great, while cautionary tales of failed drugs whose toxicity was only 
recognized after they were marketed are often forgotten. Ticrynafen (tienilic acid) 
was just such a drug. Over the first nine months after its introduction, this diuretic 
and uricosuric agent was implicated in more than 25 instances of fatal 
hepatotoxicity, and the drug was withdrawn. 99 Although this agent was removed 
rapidly once the problem was recognized, its toxicity was only fully realized after 
FDA approval. Short of disastrous drugs such as Ticrynafen, how do physicians 
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become aware of drug-related toxicity? Many times the only means of instruction 
is via that much-maligned instrument, the case report. Even so, unless one 
reviews the Medline regularly it is impossible to keep up with such information. 
The proper stance with regard to new therapeutic agents is to consider any agent 
capable of a hepatotoxic response, and to withdraw the agent at the first sign of 
liver injury. Some of the frequently seen newer agents implicated in causing 
acute liver necrosis are listed in Table 7. 

Table 7. Newer (and well-known) agents implicated in hepatotoxic reactions 
(partial list) with references. 

allopurinol1 00 
alpha interferon 101 
azathioprine 102 
carbamazepine 103 
cyproterone acetate 1 04, 1 05 
cytoxan106 
dapsone107 
diclofenac 1 08, 1 09 
disulfiram 11Q-1 12 
etoposide 113 
flutamide 114-116 
glyburide 117 
imipramine 118 
ketoconazole 119 
labetalol120 
lisinopri1121 

lovastatin 122 
norfloxacin 123 
ofloxacin 124, 125 
pentamidine 126 
piroxicam 127 
propylthiouracil128 
rifampicin 129,130 
sulfamethoxazole 131 
valproic acid 132-135 

Although each agent approved by the Food and Drug Administration has 
been through rigorous clinical trials, there is no substitute for the scale of 
exposure which follows release of a new agent. As a prescribing physician, it is 
probably prudent to wait a year before embracing any new drug, particularly if it 
has no unique advantages over accepted formulations. Prescribing any 
xenobiotic carries with it the hazard of drug-induced hepatotoxicity. The 
physician should instill in his patient a healthy but not excessive degree of 
paranoia with regard to drug-induced liver injury. Many fatal drug reactions could 
be prevented if the drug were withdrawn at the first sign of an illness. Patients 
who believe in the complete safety of any product, or who don't think of drug­
induced injury as a possibility, or who are encouraged to be compliant when 
signs of toxicity are beginning are at the highest risk for fatal drug reactions. 



Drug-induced hepatotoxicity, p. 25 

References 

1. Toxic and drug-induced hepatitis. Zimmerman HJ, Maddrey WC. In Schiff L, 
SchiffER, Editors, Diseases of the Liver. Lippincott, New York 1987. 

2. Kaplowitz N. Drug metabolism and hepatotoxicity. Liver and Biliary Diseases. 
Kaplowitz N., Editor. Williams and Wilkins, Baltimore, 1991. 

3. Arias IM, Jakoby WB, Popper H, Schachter D, Shafritz DA. eds. The Liver: 
Biology and Pathobiology. New York, Raven Press, 1988. 

4 .. Zimmerman HJ. In: Hepatotoxicity. The adverse effects of drugs on the liver. 
New York, Appleton Century Crofts, 1978:289. 

5. Vessey DA. Metabolism of drugs and toxins by human liver. In Zakim 0, Boyer 
TO. Hepatology: a textbook of liver disease. Philadelphia, WB Saunders, 1990. 

6. Jollow OJ, Mitchell JR, Potter WZ, et al. Acetaminophen induced hepatic 
necrosis. IV. Protective role of glutathione. J Pharmacal Exp Ther 187:211-
217,1973. 

7. Baerg AD, Kimberg DV. Centrilobular hepatic necrosis and acute renal failure 
in glue sniffers. Ann Intern Med 73:713-720,1970. 

8. Ruprah M, Mant TKG, Flanagan RJ. Acute carbon tetrachloride poisoning in 19 
patients. Lancet 1:1027-1029,1985. 

9. Klein AS, Hart J, Brems JJ, et al. Amanita poisoning: treatment and the role of 
liver transplantation. Am J Med 86:187-193,1989. 

10. Pinson CW, Daya MR, Benner KG, et al. Liver transplantation for severe 
Amanita phalloides poisoning. Am J Surg 159:493-499,1990. 

11. Gonzalez FJ. Human cytochromes P450: problems and prospects. Trends 
Pharmacal Sci 13:346-352, 1992. 

12. Watkins PB. Drug metabolism by cytochromes P450 in the liver and small 
bowel. Gastroenterol Clin N Amer. 21: 511-526, 1992. 

13. Murray M. P450 enzymes. Inhibition mechanisms, genetic regulation and 
effects of liver disease. Clin Pharmacokin 23: 132-146, 1992. 

14. Guengerich FP. Human cytochrome P-450 enzymes. Life Sci 50: 14 71-8, 
1992. 

15. Loeper J, Descatoire J, Maurice M, et al. Cytochromes P-450 in human 
hepatocyte plasma membrane: recognition by several autoantibodies. 
Gastroenterology 104: 203-216, 1993. 



Drug-induced hepatotoxicity, p. 26 

16. Takahashi T, Lasker JM, Rosman AS, Lieber CS. Induction of cytochrome P-
4502E1 in the human liver by ethanol. Hepatology 17:236-45, 1993. 

17. French SW, Wong K, Jui L, Albano E, Hagbjork AL, lngelman-Sundberg M. 
Effect of ehtanol on cytochrome p450 2E1 {CYP 2E1), lipid peroxidation, and 
serum protein adduct formation in relation to liver pathology and pathogesis. 
Experimental and Molec Pathol58:61-75, 1993. 

18. Prescott LF, Sutherland GR, Park J, Smith IJ, Proudfoot AT. Cysteamine, me­
thionine and penicillamine in the treatment of paracetamol poisoning. Lancet 
2:109-113,1976. 

19. Roe AL, Snawder JE, Benson RW, Roberts OW, Casciano DA. HepG2 cells: 
an in vitro model for p450-dependent metabolism of acetaminophen. Biochem 
Biophys Res Comm 190:15-19, 1993. 

20. Prescott LF, Illingworth RN, Critchley JAJH, Stewart MJ, Adam RD, Proudfoot 
AT. Intravenous N-acetylcysteine: the treatment of choice for paracetamol poi­
soning. Br Med J 1979;ii:1097-1100. 

21. Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH. Efficacy of oral N-acetyl­
cysteine in the treatment of acetaminophen overdose. N Engl J Med 
1988;319: 1557-1562. 

22. Harrison PM, Keays R, Bray GP, Alexander GJM, Williams R. Improved out­
come of paracetamol-induced fulminant hepatic failure by late administration of 
acetylcysteine. Lancet 335:1572-1573,1990. 

23. Keays R, Harrison PM, Wendon J et al. A prospective controlled trial of 
intravenous N-acetylcysteine in paracetamol-induced fulminant hepatic failure. 
Brit Med J 303:1026-1029, 1991. 

24. Mitchell JR. Acetaminophen toxicity (editorial). N Engl J Med 319:1601-1602, 
1988 

25. Licht H, Seeff LB, Zimmerman HJ. Apparent potentiation of acetaminophen 
hepatotoxicity by alcohol. Ann lntem Med 92:511-515,1980. 

26. Seeff LB, Cuccerina BA, Zimmerman HJ, et al. Acetaminophen toxicity in alc­
oholics. Ann Intern Med 104:399-404,1986. 

27. Wootton FT, Lee WM. Acetaminophen hepatotoxicity in the alcoholic. South 
Med J 83:1047-1049,1990. 

28. Kumar S, Rex OK. Failure of physicians to recognize acetaminophen hepato­
toxicity in chronic alcoholics. Arch Intern Med 151: 1189-1191 , 1991 



Drug-induced hepatotoxicity, p. 27 

29. Wolff T, Strecker M. Endogenous and exogenous factors modifying the 
activity of human liver cytochrome P-450 enzymes. Exper Toxicol Path 44: 263-
271, 1992. 

30. Hunt CM, Westerkam WR, Stave GM, Wilson JA. Hepatic cytochrome p-
4503A (CYP3A) activity in the elderly. Mech Age Devel 64:189-99, 1992. 

31. Hunt CM, Westerkam WR, Stave GM. Effect of age and gender on the activity 
of human hepatic CYP3A. Biochem Pharmacol 44:275-283, 1992. 

32. Lee MJ, Thomas PE, Yang CS. Modulation of the levels of cytochromes P-
450 in rat liver and lung by dietary lipid. Biochem Pharmacol 43:2535-42, 1992. 

33. Barnett CR, Abbott RA, Bailey CJ. Fiatt PR, loannides C. Cytochrome P-450-
dependent mixed-function oxidase and glutathione S-transferase activities in 
spontaneous obesity-diabetes. Biochem Pharmacol 43:1868-71, 1992. 

34. lkemoto S, lmaoka S, Hayahara N, Maekawa M, Funae Y. Expression of 
hepatic microsomal cytochrome P450s as altered by uremia. Biochemical 
Pharmacology 43:2407-2412, 1992 

35. Sakai H, Okamoto T, Kikkawa Y. Suppression of hepatic drug metabolism by 
the interferon inducer polyriboinosinic acid:polyribocitidylic acid. J Pharmacol 
Exper Ther 263:381-386, 1992. 

36. Kurokohchi K, Yoneyma H, Matsuo Y, Nishioka M, Ichikawa Y. Effects of 
interleukin 1 alpha on the activities and gene expressions of the cytochrome 
p45011D subfamily. Biochem Pharmacol44:1669-74, 1992. 

37. Wrighton SA, Stevens JC. The human hepatic cytochromes P40 involved in 
drug metabolism. Critical Reviews of Toxicology 22:1-21, 1992. 

38. Barker JD, de Carle OJ, Anuras S. Chronic excessive acetaminophen use 
and liver damage. Ann Intern Med 87:299-301, 1977. 

39. Garibaldi RA, Drusin RE, Ferebee SH, Gregg MB. Isoniazid associated hep­
atitis: report of an outbreak. Am Rev Resp Dis 1 06:357-364,1972. 

40. Black M. Isoniazid-associated hepatitis in 114 patients. Gastroenterology 
69:289-302,1975. 

41. Mitchell JR, Zimmerman HJ, Ishak KG, et al. Isoniazid liver injury: clinical 
spectrum, pathology and probable pathogenesis. Ann lnt Med 84:181-192, 1976. 

42. Moulding TS, Redeker AG, Kanel GC. Twenty isoniazid-associated deaths in 
one state. Am Rev Resp Dis 140:700-705,1989. 

43. Snider DE Jr, Caras GJ. Isoniazid-associated hepatitis deaths: a review of 
available information. Am Rev Resp Dis 145:494-497,1992. 



... 

Drug-induced hepatotoxicity, p. 28 

44. Israel HL, Gottlieb JE, Maddrey WC. Perspective: preventive isoniazid 
therapy and the liver. Chest 101:1298-1301,1992. 

45. Lindenbaum J, Leifer E. Hepatic necrosis associated with halothane 
anesthesia. N Engl J Med 368:525, 1963. 

46. Trey D, Lipworth L, Chalmers TC, et al. Fulminant hepatic failure: presumably 
contribution by halothane. N Engl J Med 279:798-801,1968. 

47. Neuberger J, Kenna JG. Halothane hepatitis: a model of immune mediated 
drug hepatotoxicity. Clin Sci 72:263-270,1987. 

48. Ray DC, Drummond GB. Halothane hepatitis. Brit J Anaesth 67: 84-99,1991. 

49. Neuberger J, Williams R. Halothane anaesthesia and liver damage. Brit Med 
J 289:1136-1139,1984. 

50. Kleckner H. Severe hypersensitivity to diphenylhydantoin with circulating an­
tibodies to the drug. Ann lnt Med 83:522-525,1975. 

51. Pohl LR. Drug-induced allergic hepatitis. Sem Liv Dis 1 0:305-15,1990. 

52. Zelman S. Liver cell necrosis in chlorpromazine jaundice (allergic 
cholangiolitis). Am J Med 27:708-712, 1959 . 

53. Zimran A. Reversible cholestatic jaundice and hyperamylasemia associated 
with captopril treatment. Br Med J 287:1676, 1983. 

54. Toft E, Vyberg M, Therkelsen K. Diltiazem-induced granulomatous hepatitis. 
Histopathology 18:474-475, 1991. 

55. Reynolds TB, Peters RL, Yamada S. Chronic active and lupoid hepatitis 
caused by a laxative, oxyphenisatin. N Engl J Med 285:813-820, 1971. 

56. Lee WM, Denton WT. Chronic active hepatitis and cirrhosis due to 
methyldopa. J SC Med Assoc 85:75-79, 1989. 

57. Sharp JR. Choronic active hepatitis and severe hepatic necrosis associated 
with nitrofurantoin. Ann Intern Med 92:14-19, 1980. 

58. lwarson S. Nitrofurantoin-induced chronic liver disease; clinical course and 
outcome of five cases. Scand J Gastroenterol14:479-502, 1979. 

59. Paiva LA, Wright PJ, Koff RS. Long-term hepatic memory for hypersensitivity 
to nitrofurantoin. Am J Gastroenterol 87:891-893,1992. 

60. Ireton J. Hepatitis due to nitrofurantoin. Med J Austral 156:347-349,1992. 



Drug-induced hepatotoxicity, p. 29 

61. Reinhart HH, Reinhart E, Korlipara P, Peleman R. Combined nitrofurantoin 
toxicity to liver and lung. Gastroenterology 102:1396-1399,1992. 

62. Rigas B, Rosenfeld LE, Barwick KE, et al. Amiodarone hepatotoxicity Ann 
Intern Med 104:348-351,1986. 

63. Lwakatare JM, Morris-Jones S, Knight EJ. Fatal fulminating liver failure pos­
sibly related to am iodarone treatment. Brit J Hosp Med 44:60-61 , 1990. 

64. Morelli S, Guido V, De Marzio P, Aguglia F, Balsano F. Early hepatitis during 
intravenous amiodarone administration. Cardiology 78:291-294,1991. 

65. Lewis JH, Ranard RC, Caruso A, et al. Amiodarone hepatotoxicity: 
prevalence and clinicopathologic correlations among 104 patients. Hepatology 
9:679-685,1989. 

66. Gradon JD, Chapnick EK, Sepkowitz DV. Zidovudine-induced hepatitis. J lnt 
Med 231:317-318, 1992;. 

67. Freiman JP, Helfert KE, Hamrell MR, Stein OS. Hepatomegaly with severe 
steatosis in HIV-positive patients. AIDS 7:379-385, 1993. 

68. Chattha G, Arieff AI, Cummings C, Tierney Jr, LM. Lactic acidosis 
complicating the acquired immunodeficiency syndrome. Ann lnt Med 118:37-39, 
1993. 

69. Lai KK, Gang DL, Zawacki JK, Cooley TP. Fulminant hepatic failure 
associated with 2'-3'-dideoxyinosine (ddl). Ann Intern Med 115:283-84, 1991. 

70. Touchette N. HBV-drug deaths prompt restudy of similar antivirals. J NIH 
Research 5:33-35, 1993. 

71. Macilwain C. NIH, FDA seek lessons from hepatitis B drug trial deaths. 
Nature 364:275, 1993. 

73. Newman M, Auerbach A, Feiner H, et al. The role of liver biopsies in psoriatic 
patients receiving long-term methotrexate treatment. Arch Dermatol 125: 1218-
1224,1989. 

74. O'Connor GT, Olmstead EM, Zug K, et al. Detection of hepatoxicity 
associated with methotrexate therapy for psoriasis. Arch Dermatol 125: 1209-
1217,1989. 

75. Geubel AP, De Galocsy C, Alves N, Rahier J, Dive C. Liver damage caused 
by therapeutic vitamin A administration: estimate of dose-related toxicity in 41 
cases. Gastroenterology 100:1701-1709,1991. 

76. Katz M, Saibil F. Herbal hepatitis: subacute hepatic necrosis secondary to 
chaparral leaf. J Clin Gastroenterol 12:203-206,1990. 



, -

Drug-induced hepatotoxicity, p. 30 

77. Fallon MB, Boyer JL. Hepatic toxicity of vitamin A and synthetic retinooids. J 
Gastroenterol Hepatol 5;334-342, 1990. 

78. Mostefa-Kara N, Pauwels A, Pines E, Biour M, Levy VG. Fatal hepatitis after 
herbal tea {letter). Lancet 340:674,1992. 

79. Larrey D, Vial T, Pauwels A, Castot A, Biour M, David M, Michel H. Hepatitis 
after germander (Teucrium chamaedrys) administration: another instance of 
herbal medicine hepatotoxicity. Ann lnt Med 117:129-132,1992. 

80. Macgregor FB, Abernethy VE, Dahabra S, Cobden I, Hayes PC. Hepatoxicity 
of herbal remedies. BMJ 299:1156-1157,1989. 

81. Hodis HN. Acute hepatic failure associated with the use of low-dose sus­
tained-release niacin. JAMA 264:181,1990. 

82. Mullin GE, Greenson JK, Mitchell MC. Fulminant hepatic failure after inges­
tion of sustained-release nicotinic acid. Ann Intern Med 111 :253-255,1989. 

83. Dalton TA, Berry AS. Hepatotoxicity associated with sustained-release niacin. 
Am J Med 93:102-104,1992. 

84. Alberti-Fior JJ. Fulminant liver failure and pancreatitis associated with the use 
of sulfamethoxazole-trimethoprim. Gastroenterology 84:1577-1578,1989. 

85. Larrey D, Vial T, Micaleff A, et al. Hepatitis associated with amoxycillin­
clavulanic acid combination: report of 15 cases. Gut 33:368-371, 1992. 

86. Hebbard GS, Smith KG, Gibson PR, Bhathal PS. Augmentin-induced 
jaundice with a fatal outcome. Med J Austral 156:285-286,1992. 

87. Gronhagen-Riska C et al. Predisposing factors in hepatitis induced by 
isoniazid-rifampin treatment of tuberculosis. Am Rev Resp Dis 118: 461,1978. 

88. Engelhard D, Stutman HR, Marks MI. Interaction of ketoconazole with 
rifampin and isoniazid. N Engl J Med 311: 1681-1683,1984. 

89. Reeve PA, Ala J, Hall JJ. Dapsone syndrome in Vanatu: a high incidence 
during multidrug treatment (MDT} of leprosy. J Trop Med & Hygeine 95:266-
270,1992. 

90. Chiu J, Nussbaum J, Bozzette S, et at. Treatment of disseminated 
Mycobacterium avium complex infection in AIDS with amikacin, ethambutol, 
rifampin , and ciprofloxacin. Ann lnt Med 113:358-361,1990. 

91. Moulding TS, Redeker AG, Kanel GC. Acetaminophen, isoniazid and hepatic 
toxicity. Ann Intern Med 114:431,1991. 



Drug-induced hepatotoxicity, p. 31 

92. Shriner K, Goetz MB. Severe hepatotoxicity in a patient receiving both 
acetaminophen and zidovudine. Am J Med 93:94-96, 1992. 

93. Silva MO, Roth D, Reddy KR, Fernandez JA, Albores-Saavedra J, Schiff ER. 
Hepatic dysfunction accompanying acute cocaine intoxication. J Hepatol 12: 
312-315,1991. 

94. Van Thiel DH, Perper JA. Hepatotoxicity associated with cocaine abuse. Rec 
Devel Alcoholism 1 0:335-341, 1992. 

95. Mallat A, Dhumeaux D. Cocaine and the liver. J Hepatol 12:275-278,1991. 

96. Boyer CS, Peterson DR. Potentiation of cocaine-mediated hepatotoxicity by 
acute and chronic ethanol. Alcoholism 14:28-31,1990. 

97. Lee WM. Acute liver failure. N Engl J Med 329:1862-74, 1993. 

98. O'Grady JG, Alexander GJM, Hayllar KM, Williams R. Early indicators of 
prognosis in fulminant hepatic failure. Gastroenterology 1989;97:4439-445. 

99. Zimmerman HJ, Lewis JH, Ishak KG, Maddrey WC. Ticrynafen-associated 
hepatic injury: analysis of 340 cases. Hepatology 4:315-323, 1984. 

100. Lupton GP, Odom RB. The allopurinol hypersensitivity syndrome. J Am 
Acad Derm 1 :365-373, 1979. 

101. Durand M, Kaplanski G, Portal I, Scheiner C, Berland Y, Soubeyrand J. 
Liver failure due to recombinant alpha interferon (letter). Lancet 338:1268-
1269,1991. 

102. Meys E, Devogelaer JP, Geubel A, Rahier J, Nagant de Deuxchaisnes C. 
Fever hepatitis and acute interstitial nephritis in a patient with rheumatoid 
arthritis. Concurrent manifestations of azathioprine hypersensitivity. J 
Rheumatology 19:807-809,1992. 

103. Hopen G. Fatal carbamazepine-associated hepatitis: report of 2 cases. Acta 
Med Scand 210:333-334,1981. 

104. Parys BT, Hamid S, Thomson RG. Severe hepatocellular dysfunction 
following cyproterone acetate therapy. Brit J Urol 67:312-313, 1991. 

105. Blake JC, Sawyer AM, Dooley JSA, Scheuer PJ, Mcintyre N. Severe 
hepatitis caused by cyproterone acetate. Gut 32:1381-1385, 1990. 

106. Snyder LS, Heigh Rl, Anderson ML. Cyclophosphamide-induced 
hepatotoxicity in a patient with Wegener's granulomatosis. Mayo Clin Proc 
68: 1203-04, 1993. 



Drug-induced hepatotoxicity, p. 32 

107. Jayalakashmi P, Ting HC. Dapsone-induced hepatitis. Histopathology 
10:89-91' 1990. 

108. lveson T J, Ryley NG, Kelly PMA, et al. Diclofenac-associated hepatitis. J 
Hepatol 10:85-90, 1990. 

109. Purcell P, Henry D, Melville G. Diclofenac hepatitis Gut 32:1381-1385,1991. 

110. Cereda JM, Bernuau J, Degott C, Rueff B, Benhamou JP. Fatal liver failure 
due to disulfiram. J Clin Gastroenterol 11 :98-100,1989. 

111. Schade RR, Gray JA, Dekker A, Varma RR, Shaffer RD, Van Thiel DH. 
Fulminant hepatitis associated with disulfiram. Arch Intern Med 143:1271-
1273,1983. 

112. Bartle WR, Fisher MM, KErenyi N. Disulfiram induced hepatitis. report of two 
cases and review of the literature. Dig Dis Sci 30:834-837, 1985. 

113. Tran A, Housset C, Boboc B, Tourani JM, Carnot F, Berthelot P. Etoposide 
(VP 16-213) induced hepatitis. Report of three cases following standard-dose 
treatments. J Hepatol 12:36-39,1991. 

114. Hart W, Stricker BH. Flutamide and hepatitis. Ann lnt Med 110:943-
944,1989. 

1 15. Cocheton JJ, Lecomte I. Acute hepatitis caused by flu tam ide (letter). Presse 
Medicale 20:1459-1460,1991. 

1 16. Coppere H, Perraud Y, Gerard F, et al. A case of acute hepatitis caused by 
flutamide (letter). Gastroent Clin Biolog 14:105-106,1990. 

117. Meadow P, Tullio CJ. Glyburide-induced hepatitis (letter). Clin Pharm 
8:470,1989. 

118. Schaefer MS, Edmunds AL, Markin RS, Wood RP, Pillen TJ, Shaw BW. 
Hepatic failure associated with imipramine therapy. Pharmacotherapy 10:66-
69,1990. 

1 19. Knight TE, Shikuma Cy, Knight J. Ketoconazole-induced fulminant hepatitis 
necessitating liver transplantation. J Amer Acad Derm 25: 398-400,1991. 

120. Michelson EJ. Labetalol hepatotoxicity. Ann Intern Med 1 14:341,1991. 

121. Larrey D, Babany G, Bernuau J, Andrieux J, Degott C, Pessayre D, 
Benhamou JP. Fulminant hepatitis after lisinopril administration. 
Gastroenterology 99: 1 832-1 833, 1 990. 

122. Raveh D, Arnon R, Israeli A, Eisenberg S. Lovastatin-induced hepatitis. 
Israel J Med Sci 28:101-102,1992. 



Drug-induced hepatotoxicity, p. 33 

123. Lopez-Navidad A, Domingo P, Cadafalch J, Farrerons J. Norfloxacin­
induced hepatotoxicity {letter). J Hepatol 11 :277-278,1990. 

124. Alegre J, Fernandez de Sevilla T, Falco V, Martinez Vazquez JM. Ofloxacin 
in miliary tuberculosis. Eur Resp J 3:238-239,1990. 

125. Blum A. Ofloxacin-induced acute severe hepatitis. South Med J 
84:1158,1991. 

126. Picon M, Causse X, Gelas P, Retornaz G, Trepo C, Bouletreau P. 
Pentamidine-related acute hepatitis during pneumocystosis treatment in acquired 
immunodeficiency syndrome (letter). Gastroent Clin et Biolog 15:463-464,1991. 

127. Planas R, De Leon R, Quer JC, Barranco C, Bruguera M, Gassull MA. Fatal 
submassive necrosis of the liver associated with piroxicam. Am J Gastroenterol 
85: 468-4 70, 1990. 

128. Limaye A, Ruffolo R. Propylthiouracil-induced fatal hepatic necrosis. Am J 
Gastroenterol 82: 152-155, 1987. 

129. Taillan B, Chichmanian RM, Fuzibet JG, et al. Jaundice caused by 
rifampicin; 3 cases. Rev Med Interne 10:409-411,1989. 

130. Scheuer PJ, Summerfield JA, Lal S, Sherlock S. Rifampicin hepatitis: a 
clinical and histological study. Lancet i:421-425, 1974. 

131. Steinbrecker WM, Mishkin S. Sulfamethoxazole-induced hepatic injury. Dig 
Dis Sci 26:756-758,1981. 

132. Brown TR. Valproic acid. New Engl J Med 302:661-665,1980. 

133. Powell-Jackson PR, Tredger JM, Williams R. Hepatotoxicity to sodium val­
proate: a review. Gut 25:673-681,1984. 

134. Dreifuss FE, Santilli N, Langer DH, Sweeney KP, Moline KA, Menander KB. 
Valproic acid hepatic fatalities: a retrospective review. Neurology 37:379-
385,1987. 

135. Zimmerman HJ, Ishak KG. Valproate-induced hepatic injury: analysis of 23 
fatal cases. Hepatology 2:591-597,1982. 


