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A desire to take medicine is perhaps the great feature that distinguishes man from other animals.

-Osler   

Drug induced Liver injury (DILD) is an important but markedly underdiagnosed clinical entity in any 
part of the world. Frequently a medication is withdrawn after it is in the market for sometimes because 
of unexpected liver injury. In developed nations where viral hepatitis is less common than in India, 
DILD is the cause for more than 50 percent of cases of fulminant hepatitis and for over 75 percent 
of cases of idiosyncratic drug reactions that result in liver transplantation or death.1 Viral hepatitis 
(A, B or E) may still be an important cause for fulminant hepatitis in India but, in absolute numbers 
the incidence of acute liver injury secondary to medications is not likely to be less than in developed 
nations. Factors such as malnutrition and herbal medications7, 20, 32 erroneously considered to be non-
toxic increase the incidence of DILD. Most of our patients today consume multiple medications at any 
one time, which also markedly enhances drug-drug interactions.

Incidence and Prevalence            
DILD may be clinically subtle or completely occult or may occur with other known causes for liver 
disease, such as alcoholism or exposure to viral hepatitis. The few fatal cases also go unrecognized. 
Hence calculation of incidence of DILD is often a gross underestimation. Further the method and 
diligence with which it is looked for will influence the number. Routine multichannel laboratory assays 
as part of blood tests that include serum bilirubin, AST, ALT, and alkaline phosphatase will obviously 
pick up more, but definitely will include clinically irrelevant cases, increasing anxiety and unnecessary 
diagnostic studies.                 

On the other hand sometimes even routine tests may be insufficient as in the case of chronic methotrexate 
administration, when the fibrosis can be picked up only by liver biopsy. It is easy to understand why the 
estimates of DILD from affluent nations or multi-specialty hospitals of India are likely to be markedly 
higher than the observations made from developing nations and less technologically advanced 
institutions. Suspected DILD makes up between 4 and 7 percent of all reports of adverse reactions to 
drugs voluntarily reported to central registries in the US. Over 150 therapeutic agents are known to 
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cause DILD. This review is an extension of many excellent reviews on the topic and based on many 
violated case reports.2,3,4,5, 6,15, 31 

Mechanism of Drug Induced Liver Disease
Liver, playing a pivotal role in the clearance and biotransformation of chemicals, suffers most often 
from their metabolism. Hepatic drug metabolizing enzymes are responsible for biotransformation of 
parent drugs. Either the parent drug or more often the metabolites are directly responsible for causing 
an injurious effect upon liver structure and function.2, 8, 16 (Table 1)

Hepatic Drug Metabolism: Detoxification
Most drugs are lipid soluble in nature. Hepatic drug metabolizing enzymes convert them into water-
soluble form, thus permitting their entry into the plasma, excretion in the urine or elimination into the 
bile. There are three enzymes (oxidoreductases, hydrolases and transferases) which participate in the 
drug metabolism through phase 1 and phase 2 reactions.
Phase 1 reaction: oxidation-reduction and hydrolytic reactions tend to increase water solubility of a 
molecule, often through generation of hydroxyl groups in parent compounds.

Phase 2 reaction: The transferases catalyze synthetic reactions, in which polar compounds such as 
acetate, amino acids, sulfate, glucuronic acid and glutathione are covalently attached to the drug. 

Most of the compounds, which are metabolized by phase 2 reaction, first undergo phase 1 reaction. 
But many compounds can be metabolized by phase 2 reaction alone. Phase 1 reaction may result in 
generation of metabolites, which are toxic and chemically reactive, damaging cells. Phase 2 reaction is 
very important at this stage, which makes phase 1 metabolic products relatively inert via the attachment 
of a polar compound (e.g. glutathione) to them. Cytochrome P- 450 enzymes are located in the 
endoplasmic reticulum. They play an important role in phase 1 reaction of drug metabolism. The group 
of P-450 isoenzymes belongs largely to families 1, 2, and 3. P-450 enzymes in the hepatocytes allow 
liver to perform oxidative metabolism on a vast array of xenobiotics and natural substances. There are 
three important properties of P-450 system. (Table 2).

(1) Genetic Heterogeneity : Each of the P-450 proteins is a unique gene product with genetic 
heterogeneity or polymorphism in its expression with a wide range of individual human 
differences in the ability to perform metabolism. Genetic variations in the enzymes of phase 2 
reaction are also responsible for individual susceptibility to drug induced hepatotoxicity.

(2) Variations in specific p-450 enzyme Activity: Many factors such as chemicals, drugs, hormones 
and nutritional factors induce P-450 in an expression patterns that are highly specific for a 
particular indication and increase the oxidative metabolism of drugs that are substrate of 
that specific enzyme. This increases the rate of formation of reactive and potentially toxic 
intermediate metabolites.

(3) Competitive Inhibition: Drugs sharing the same P-450 specificity for their biotransformation 

Table 1 : Mechanisms of drug induced hepatotoxicity

• Conversion to reactive intermediates Acetaminophen,9, 19

  Nitrofurantoin

• Alteration of membrane physical properties Estrogen

• Inhibition of membrane enzymes Chlorpromazine

• Interference with hepatic uptake process Rifampin

• Impairment of cytoskeletal function Chlorpromazine

• Formation of insoluble complexes in bile Chlorpromazine

Bass N. M. Current Diagnosis and Treatment in GE 2003; 664-676
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competitively inhibit this biotransformation, which leads to substantial blood and 
tissue accumulation of drugs metabolized by P-450. e.g. Patients who receive both the 
immunosuppressive drug cyclosporine and the antifungal agent ketoconazole markedly 
accumulate cyclosporine as a result of ketoconazole induced inhibition of P-450 enzymes.

Diagnosis of Drug Induced Liver Disease
The French Consensus Meeting held in 1990 identified three categories of clinical criteria that are 
pertinent to causality assessment.

1 Signs and symptoms which suggest a drug etiology: There are no clinical features of liver 
disease that are specific manifestations of a drug etiology. Factors known to increase the risk of 
hepatotoxicity if present, suspect DILD. 

 (a) Concomitant administration of more than one anticonvulsant to a young child with 
suspected Valproic acid induced hepatotoxicity.

 (b) Acute hepatocellular necrosis in a patient who has ingested a dose of paracetamol and 
also gives a history of chronic excessive alcohol ingestion. When the pattern of illness 
resembles that previously reported for the implicated drug, it strengthens the likelihood 
that the drug has a causal role. (Table 3)

2. Extrahepatic features of adverse drug reaction: Fever, rash and eosinophilia are often suggestive 
of drug hypersensitivity. Pseudomononucleosis syndrome,  vasculitis, renal damage, pancreatitis 
or bone marrow suppression are less strong indicators of drug allergy. Allopurinol, phenytoin, 
and sulphonamide are some of the examples. Absence of eosinophilia or drug rash is not useful. 
(Table 4) (Table 5).  

3. Specific diagnostic tests for adverse drug reaction: At present however, no specific in vitro 
investigations that have proven sensitivity and specificity for adverse hepatic drug reaction are 
available. One exception may be the detection of serum autoantibodies, that are specific for rare 
types of drug induced liver disease (Table 7) (Table 8).

Because most hepatic drug reactions are ‘dose independent’, blood level of drug or metabolites are not 
usually of diagnostic value. An important exceptions are suspected poisoning with paracetamol and 
aspirin-induced hepatitis.

Liver Biopsy
 Liver biopsy is important to diagnose other causes of hepato-biliary diseases in those taking potentially 
hepatotoxic drugs. Patterns of hepatic injury that are compatible with a drug etiology can be verified. 
(Table 9)

Table 2 : Characteristic of Specific Metabolic Pathways of CP 450 Group of Enzymes

Enzymes Substrates Genotype Inducers Inhibitors

CYP2D6 TCAs, SSRIs, ~80% None known Fluoxetine, 
 Codeine, anti-   paroxetine,
 psychotics, nicotine,   quinidine
 �-blockers

CYP2C19 PPIs, proguanil, 80-100% Phenobarbital, None known
 S-mephenytoin  Rifampicin

CYP3A4 Cyclosporine, Not available Rifampicin, Azole
 Nifedipine,  Dexamethazone, antifungals, 
 Erythromycin  Phenobarbitol, Cimetidine,
 Lovastatin,  Phenytoin, Erythromycin
   Carbamazepine grapefruit

An enzyme inducer and inhibitor can increase or decrease the toxicity of a medication depending on whether the parent 
substance or the metabolic product is hepatotoxic. 

Givens R.C, Watkin P.B, 2003
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Table 3 : Clinicopathological Classification

1. Altered liver tests without liver disease Phenytoin, warfarin, novobiocin, rifampicin, fluoroquinolones

2. Acute hepatocellular necrosis Isoniazid,23 cloxacillin, halothane,17 alpha-methyldopa 
paracetamol,19 valproic acid30 NSAIDS, metformin26 ranitidine29, 
troglitazone21 rosiglitazone22, atorvastatin24 fluoxetine25

3. Fatty Liver Tetracycline, valproic acid, corticosteroids, NSAIDS, amiodarone

4. Granulomatous Reaction Hydralazine, allopurinol, carbamazepine

5. Acute Cholestasis18 Anabolic androgen, flucloxacillin, chlorpropamide (33) 
chlorpromazine, Erythromycin estolate, pravastatin (28), 
norfloxacin27       

6. Chronic Cholestasis18 Chlorpromazine, glucocorticoids, flucloxacillin, amitriptyline , Intra-
arterial 5-fluorodeoxyuridine methotrexate,valproate,haloperidol, 
Imipramine, tolbutamide, ampicillin SMX-TMP, carbamazepine 
prochlorperazine, thiabendazole

7. Chronic Parenchymal, Liver Disease Alpha-methyldopa, nitrofurantoin, Dantrolene, methotrexate,   

8. Vascular Disorders Anabolic androgens, azathioprine Actinomycin D, alkaloids 6-
thioguanine, hydroxiurea

9. Hepatic Tumors Oral contraceptive steroids

10. Biliary Pseudolithiasis Ceftriaxone (high dose)   

11. Hemolytic Anemia Cefotetan, ceftriaxone

12. Autoimmune Hepatitis Doxycycline

Table 4 : Systemic Manifestations Associated with Drug Hepatotoxicity

• Allergic (fever, rash, eosinophilia, lymph node hyperplasia, lymphocytosis)     
Chlorpromazine,Phenytoin Dapsone, PAS, Sulindac

• Autoantibodies Halothane17

• Hemolytic anemia jaundice11 Dapsone, alpha-methyldopa

• Bone marrow injury Phenytoin, Phenylbutazone

• Gastrointestinal injury (ulcer, pancreatitis) Phenylbutazone, Phenytoin

• Renal injury Anticonvulsants, Methoxyflurane

Adapted from Zimmerman HJ, Hepatotoxicity : Adv. effects of drugs on the Liver. New York, Appleton- Century-Crofts, 
1978

Liver biopsy is often not performed in patients with suspected DILD. It is extremely useful when 
continuation of therapy is needed with the medication that is suspected of causing the adverse effect 
(e.g. Amiodarone and Methotraxate are used for management of serious medical disorder for which 
therapeutic choices are limited) 

Indication for liver biopsy, an invasive procedure with a mortality of above 0.11% and morbidity of 
0.24% for adults should be carefully assessed based on risk / benefit to the patient.

Rechallenge
Recurrence of liver injury after administration of a suspected drug, is the most definite evidence that the 
suspected drug caused the liver disease. Although scientific to prove DILD, it has a risk of significant 
morbidity and mortality for the individual patient. 

e.g. fatal hepatic necrosis has followed rechallenge with halothane, isoniazid, phenytoin, alpha-
methyldopa and sulfonamides in-patients suspected of having DILD. We do not recommend 
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Table 5 : Susceptibility To Hepatic Injury

• Age (1) INH, Halothane, Paracetamol  Adults >Children
  (2) ASA, Valproate  Children > Adults

• Sex  Chronic Hepatitis  Women > men

• Dose  Intrinsic Hepatotoxicity  Paracetamol, Tetracycline

• Duration  Methotrexate

• Route of Administration  IV Tetracycline

• Drug-drug Interaction (1) Enhanced Cholestasis * Valproate + Chlorpromazine
    * OCP + Troleandromycin
  (2) Hepatotoxicity * Rifampin + Isoniazid

• Tissue Hypoxia  Halothane, CCl4

• Renal Impairment  Tetracycline, Allopurinol

• Underlying disease
 (1)  AIDS  TMP-SMZ, Oxacillin, Dapsone
 (2) Rheumatic fever  Aspirin

• Genetic factor  Slow Vs. Rapid metabolizers

• Dose Interval  Methotrexate  Daily dose > Weekly dose

• Endocrine/Metabolic
 (1) Hyperthyroidism  CCl4

 (2) Obesity  Halothane
 (3) Obese diabetics   Methotrexate                                       

Zimmerman & Ishak GE. Clin NA 1995;24:739-757

Table 6 : Diagnosis of Drug induced liver disease

Assessment of the course of acute hepatitis in relation to a possible drug cause
              ( modified from Danan 1988) 

Cessation of the 
drug

Course of the reaction

Very suggestive Suggestive Not suggestive Inconclusive

Yes

Decrease of ALT 
>50% within 8 d, and 
no elevation within 
30 d

Decrease of ALT 
>50% within 30 d

Other variations of 
ALT within or after 
30 d

No
Stable or increased 
ALT

Partial decrease of 
ALT or return To 
normal

 

Table 7 : Effects of Increased or Cumulative Doses of Drugs

Drug Dose Effect

Acetaminophen / paracetamol Increased dose : hepatocyte necrosis, apoptosis with ethanol and fasting : hepatic 
necrosis9

Amiodarone Cumulative dose : steatohepatitis

Bromfenac Cumulative dose : hepatocyte necrosis

Cocaine, phencyclidine Increased dose : ischemic necrosis

Cyclophosphamide Increased dose : hepatocyte necrosis ( worse with increased aminotransferase levels)

Cyclosporine Increased dose : cholestatic injury

Methotrexate Increased or Cumulative dose : hepatocyte Necrosis, fibrogenesis

Niacin Increased dose : ischemic necrosis

Oral contraceptives Cumulative dose : associated with hepatic adenomas

Lee WM. NEJM 2003; 349: 474-485
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rechallenge as a routine procedure in establishing DILD. However in an individual case, a definite 
evidence of hepato-toxicity can be proven only by rechallenge when continued treatment with the 
implicated agent is a necessity and also academic in cases where the suspected form of drug-induced 
liver disease is novel. A high level of understanding by the patient and their families before proceeding 
with rechallenge is required.

Liver Disease Due to Environmental Toxins        
The role of environmental agents in toxic liver disease is important in view of multitude of toxins to 
which way one is expressed to in daily life. A pharmacological response is elicited through chemical 
substances taken by man. Hepatoprotective mechanism or biliary secretion can be impaired by some 
compounds. The most obvious example of a compound involved with interactive toxicity is ethanol. 
The effects of environmental hepatotoxins could also be modulated by protein malnutrition and other 
dietary factors.

Environmental agents produce liver injury extending from subclinical evidence of hepatic dysfunction 
to massive hepatic necrosis. The extent to which the liver is damaged depends on the dose and 
duration of hepatotoxins, the activity of hepatic drug metabolizing and detoxification enzymes, the age 
of the patient and other factors determining individual susceptibility.

The ingestion of plant alkaloids was responsible for epidemics of veno-occlusive disease in India,7, 8 
Afghanistan, South Africa, Russia, Ecuador, Iran and Chad. Poisoning with plant alkaloids also caused 
sporadic cases of liver disease in India,12 Ecuador, Britain, Hong Kong, the USA and possibly Egypt. 
Hyperbilirubinemia is common with male fern extract (flavaspidic acid). Reye’s syndrome is associated 
with margosa oil (Azadirachta indica).

In mushroom poisoning, Amanita phalloids (death cap) is responsible for approximately 90% of cases 
of acute hepatotoxicity. Aflatoxin is a common contaminant of groundnuts (especially peanuts and 
cashew nuts), soya bean, and grain that has been stored under damp and warm conditions. Epidemic 

Table 8 : Autoantibodies in drug-induced liver disease

Autoantibody Drug Type of liver disease Reference

Anti-smooth muscle (actin) Clometacin Acute and chronic active hepatitis Homberg et al 1985  

Anti-mitochondrial Antibodies type 6 Iproniazid Acute hepatitis Homberg et al 1982

(59K carboxylesterase) Halothane Acute hepatitis Satoh et al 1989

Anti-liver microsomal (P450 1A2) Dihydralazine Acute hepatitis Bourdi et al 1990

LKM-2 (P450 2C9) Tienilic acid Acute and chronic active hepatitis Beaune et al 1987

Homberg J.C et al 1985, Farrell G.C. 1994

Table 9 : Histological Features That Indicate a Possible Drug Etiology

Zonal necrotic lesions

Necrotic lesions disproportionate to clinical severity

Microvesicular fatty change, particularly if zonal or with necrotic lesions

Prominence of eosinophilic leukocytes in inflammatory infiltrate

Atypical Cholestasis: Peri-portal Cholestasis early in the course of illness and Cholestasis with hepatitis

Granulomas with hepatitis or Cholestasis

Destructive bile duct lesions

Unusual vascular lesions e.g. veno-occlusive disease, peliosis hepatis

Farrell G.C. 1994
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of acute hemorrhagic liver necrosis in turkeys, ducklings and pheasants after Brazilian peanut meal with 
Aspergillus flavus was the first recognized potential hepatotoxicity of aflatoxin. Aflatoxin-induced liver 
diseases includes acute and chronic hepatocellular injury, such as acute fatty liver (resembling Reye’s 
syndrome), toxic hepatitis,13 cirrhosis and possibly some ‘idiopathic’ cases of veno-occlusive disease in 
India,10,12,14 Egypt and Europe.

Summary
Recognition of the offending drug is the vital in preventing a recurrence of the DILD. Failure to 
recognize an adverse drug reaction as the cause of liver disease may allow an initially minor reaction 
to progress to a serious illness.   

The practice guidelines for causality assessment include reversal of liver test abnormalities when the 
suspected drug is withdrawn, corroborative evidence of an adverse drug reaction and the exclusion of 
other causes of hepato-biliary disease. Drug induced autoantibodies could be useful diagnostically but 
despite an increasing number of drugs associated with their formation they remain infrequent. Liver 
biopsy, potentially hazardous but may provide useful diagnostic information in many patients suspected 
of having DILD. Mixed cholestatic and hepatic reactions, granulomatous responses combined with bile 
duct injury and fatty change together with zonal hepatic necrosis are all suggestive of drug-induced 
liver disease. The gold standard for diagnosis remains rechallenge, which is neither often practical nor 
safe. Careful history of using herbal or alternate medications is important in view of the tremendous 
increase in their use. 

Management of Drug-induced Liver Disease
Prevention and early detection is the key in management of drug-induced liver disease. The use of 
causative agent for liver disease is declining, so that drug-induced liver disease is now less common. 
Mainly of historic interest are tetracycline-induced fatty liver, alpha-methyldopa hepatitis and chronic 
liver disease due to oxyphenacetan. Some other compounds, even though the frequency of liver injury 
is rare for each agent, most likely to be implicated in drug-induced liver disease. Those are psychotropic 
drugs, non-steroidal anti-inflammatory drugs, cardiac antiarrhythmic and antihypertensive agents, 
antimicrobials, H2-receptor blockers, anti-cancer and immunosuppressive agents.

It is important for doctors to understand the hepatotoxic potential of any drug they prescribe. Workplace 
and domestic hepatotoxins should be considered in case of unexplained abnormal liver tests, although 
they appear to be an uncommon cause of severe liver damage.

References
1. Stapowicz G. C, Fontana R. J, Schiodt F. V, et al . Results of a Prospective study of Acute Liver Failure. Ann Intern 

Med. 2002;137:947-954. 
2. Bass N. M. Drug induced liver disease in current diagnosis and treatment in GE. 2003; 664-676.
3. Homberg JC, Abuaf N, et al. Drug-induced hepatitis associated with anticytoplasmic organelle autoantibodies. 

Hepatology 1985; 5: 722-727.
4. Farrell G.C, Murray M, Mackay I, Hall P. Diagnosis of Drug-induced Liver Disease. DILD; 1994:153-162.
5. Zimmerman HJ. Hepatotoxicity: the adverse effects of drugs and other chemicals on the liver. New York: 

Appleton-Century-Crofts,1978.
6. Chitturi S, George J. Hepatotoxicity of commonly used drugs: nonsteroidal anti-inflammatory drugs, 

antihypertensives, antidiabetic agents, anticonvulsants, lipid lowering agents, psychotropic drugs. Semin Liver Dis 
2002; 22: 169-83.

7. Chitturi S, Farrell GC. Herbal hepatotoxicity: an expanding but poorly defined problem. J Gastroenterol Hepatol 
2000; 10: 1093-9.

8. Jaeschke H, Gores GJ, Cedergaum AI, Hinson JA, Pessayre D, Lemasters JJ. Mechanisms of Hepatotoxicity. 
Toxicol Sci 2002; 66: 166-76.

9. Whitcomb DC, Block GD. Association of acetaminophen hepatotoxicity with fasting and ethanol use. JAMA 1994; 
272: 1845-50.



Drugs (and environmental agents) induced Liver Injury 285

10. Tandon RK, Tandon BN, Tandon HD, Bhatia ML, Bhargava S, Lal P, Arora RR. Study of epidemic of veno-
occlusive disease in India. Gut 1976b; 17: 849-855.

11. Tandon BN, Krishnamurthy L, Koshy A, et al. Study of an epidemic of jaundice presumably due to toxic hepatitis, 
in northwest India. Gastroenterology 1977; 72: 488-494.

12. Gupta PS, Gupta GD, Sharma ML. Veno-occlusive disease of liver. British Medical Journal. 1963; 1: 1184-1186.
13. Krishnamachari KAVR, Bhat RV, Nagarajan V, Tilak TBG. Hepatitis due to aflatoxicosis-an outbreak in western 

India. Lancet 1975; 1 : 1061-1063.
14. Jelliffe DB, Bras G, Mukherjee KL. Veno-occlusive disease of the liver and Indian childhood cirrhosis. Archives of 

Disease in Childhood. 1957;32: 369-385.
15. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients. JAMA 1998; 

279: 1200-5
16. Bissell DM, Gores GJ, Laskin DL, Hoofnagle JH. Drug – induced liver injury: mechanism and test systems. 

Hepatology 2001; 33: 1009-13.
17. Kenna JG. Immunoallergic drug-induced hepatitis: lessons from halothane. J Hepatol 1997; 26: Supple 1:5-12
18. Chitturi S, Farrell GC. Drug-induced cholestasis. Semin Gastrointest Dis 2001;12: 113-24.
19. Schiodt FV, Rochling FJ, Casey DL, Lee WM. Acetaminophen toxicity in an urban country hospital. N Engl J Med 

1997; 337: 1112-7.
20. Stedman C. Herbal hepatotoxicity. Sem- in Liver Dis. 2002; 22: 195-206.
21. Murphy EJ, Davern TJ, Shakil OA, et al. Troglitazone-induced fulminant hepatic failure. Dig Dis Sci 2000; 45: 

549-53.
22. Al-Salman J, Arjomand H, Kemp DG, Mittal M. Hepatocellular injury in a patient receiving rosiglitazone: a case 

report. Ann Intern Med 2000; 132: 121-4.
23. Garibaldi RA, Drusin RE, Ferebee SH, Gregg MB. Isoniazid associated hepatitis: report of an outbreak. Am Rev 

Respir Dis 1972; 106: 357-65.
24. Sreenarasimhaiah J, Shiels P, Lisker-Melman M. Multiorgan failure induced by atorvastatin. Am J Med 2002;113: 

348-9.
25. Capella D, Bruguera M, Fugueras A, Laporte J. Fluoxetine-induced hepatitis: why is postmarketing surveillance 

needed? Eur J Clin Pharmacol 1999; 55: 545-6.
26. Babich MM, Pike I, Shiffman ML. Metformin–induced acute hepatitis. Am J Med 1998;104: 490-2.
27. Romero-Gomez M, Suarez Garcia E, Fernandez MC. Norfloxacin-induced acute cholestatic hepatitis in a patient 

with alcoholic liver cirrhosis. Am J Gastroenterol 1999; 94: 2324-5.
28. Hartleb M, Rymarczyk G, Januszewski K. Acute cholestatic hepatitis associated with pravastatin. Am J 

Gastroenterol 1999; 94: 1388-90.
29. Ribeiro JM, Lucas M, Baptista A, Victorino RM. Fatal hepatitis with ranitidine. Am J Gastroenterol 2000; 95: 

559-60.
30. Konig SA, Schenk M, Sick C, et al. Fatal liver failure associated with valproate therapy in a patient with Friedreich’s 

ataxia : review of valproate hepatotoxicity in adults. Epilepsia 1999; 40:1036-40.
31. Lee WM. Drug-induced hepatotoxicity. N Engl J Med 2003; 349: 474-485.
32. Adachi M, Saito H, Kobayashi H, Horie Y, Kato S, Yoshioka M, Ishii H. Hepatic injury in 12 patients taking the 

herbal weight loss aids Chaso or Onshido. Ann Intern Med. 2003;139: 488-492.
33. Gupta R, Sachar DB, Chlorpropamide-induced cholestatic jaundice and pseudomembranous colitis. American J 

of Gastroenterology 1985; 80: 381-383. 
34. Danan G. Consensus meetings on: Causality assessment of drug-induced liver injury. J of Hepatology. 1988; 7: 

132-136.


