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Drug- and Toxin-Induced Liver Injury

Examples of syndromes
and patterns

acute hepatitis
cholestasis
cetrilobular necrosis
autoimmune
granulomatous
cholangitis
peliosis hepatis
veno-occlusive disease
sinusoidal fibrosis
macrovesicular steatosis
microvesicular steatosis

macrovesicular steatosis

microvesicular steatosis





Objectives
• Microvesicular steatosis results from mitochondrial 

failure/dysfunction and sometimes appears with 
macrovesicular steatosis. Onset over hours to weeks.

• Two major mitochondrial pathogeneses:

Primary impaired b
oxidation of fatty acids

Primary impaired oxida-
tive phosphorylation

- AST & ALT nl to ~ 600 IU/L
- hyperammonemia
- hypoglycemia
- low ketones
- metabolic acidosis

- ketones commonly low or
absent

- hypoglycemia  more common

- significant lactic acidosis more
common

- higher AST & ALT with necrosis,
when present
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William Bligh 1754 - 1817
Ackee fruit tree introduced to 
Jamaica in 1778 from Africa.

1791 – 1793 
transports ackee 
trees from Jamaica 
to London.

The Royal Society 
names the tree 
Blighia sapida.



Jamaican vomiting sickness reported in Jamaica as early 
as 1875.   Vomiting, coma, seizures, death.

Hypoglycin A and B isolated in 1955 and linked to 
vomiting sickness in 1976.

Jamaican vomiting sickness
- vomiting; mild transaminase

elevation
- metabolic acidosis
- hypoglycemia
- hyperammonemia
- coma, death  

microvesicular
steatosis



Acute Yellow Atrophy of the Liver in Pregnancy
H.J. Stander, M.D. and J.F. Cannden, B.S., New York, N.Y.

Am J Obstet Gynecol 1934; 28:61-69

1934: First detailed report of fatty
liver of pregnancy

Fatty Liver of Pregnancy
- vomiting; mild transaminase elevation
- jaundice
- metabolic acidosis
- hypoglycemia
- hyperammonemia
- coma, death  

microvesicular
steatosis



103 patients treated with 
IV chlortetracycline

14 received concurrent 
oral and IV dosing

7 developed hepatotoxicity

5 died; biopsy 
on 6th patient

chlortetracycline





The Mitochondrion
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human mitochondrial trifunctional protein
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Impaired b Oxidation
Triglycerides in cytoplasm

Low acetyl-CoA
- ATP metabolic acidosis
- hypoglycemia
- hyperammonemia
- or absent ketones
- mild to mod AST & ALT rise
- secondary carnitine depletion



Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Inborn errors of metabolism

MCAD deficiency 
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Whatever happened to Reye's syndrome? Did 

it ever really exist?
Orlowski, James P. MD, FAAP, FCCP, FCCM
From the Pediatric Intensive Care Unit, University Community Hospital, Tampa, FL.
Critical Care Medicine August, 2009

Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Inborn errors of metabolism

MCAD deficiency

Reye’s Syndrome

The Lancet: 12 Oct 1963

Vomiting
Lethargy, coma
Hypoglycemia
Hyperammonemia
AST, ALT < 600 IU/L



Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Inborn errors of metabolism
MCAD deficiency.  “Reye’s Syndrome”.

Fatty liver of pregnancy
Mother heterozygous for LCHAD deficiency or other  b
oxidation enzyme deficiency.  Infant homozygous. Not
all cases explained by b oxidation defect.
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Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Drugs and toxins that inhibit fatty acid oxidation
Valproic acid – young children develop “Reye Syndrome”
Tetracyclines

CH3-CH2-CH2

CH3-CH2-CH2

COOH

CH3-CH2-CH2

CH3-CH2-CH2

C-S-CoA

O

=CoA

b oxidation

metabolites

CYP450

CH2=CH2-CH2

CH3-CH2-CH2

COOH

4-ene VPA

VPA

Valproate metabolite-carnitine 
esters excreted in urine, causing 
secondary carnitine deficiency.
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Tetracycline

….NSAIDs



Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Drugs and toxins that inhibit fatty acid oxidation
Tetracyclines
Valproic acid
Hypoglycin A from unripen Ackee fruit   

S-CoA

hypoglycin A methylenecyclopropylaceyl-CoA
(MCPA-CoA)

inhibits carnitine 
transporter

inhibits acetyl-
CoA 

dehydrogenases

`O





Lychees (Litchi) 

S-CoA

hypoglycin A methylenecyclopropylaceyl-CoA
(MCPA-CoA)

`O



Lychee (Litchi) chinesis 



Microvesicular Steatosis from Impaired
b Oxidation of Fatty Acids

Drugs and toxins that inhibit fatty acid oxidation
Tetracyclines
Valproic acid
Hypoglycin A from ackee fruit
Salicylate in fatal or near-fatal doses

Salicylate + CoA Salicylate-S-CoA

Salicylate consumes 
CoA at the outer mito-
chondrial membrane Decreased FA 

activation from
low CoA levels Decreased b -

oxidation

80% of children dying 
from salicylate toxicity 
display microvesicular 
steatosis.
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Objectives
• Microvesicular steatosis results from mitochondrial 

failure/dysfunction and sometimes appears with 
macrovesicular steatosis. Onset over a day to weeks.

• Two major mitochondrial pathogeneses:

Primary impaired b
oxidation of fatty acids

Primary impaired oxida-
tive phosphorylation

- AST & ALT nl to ~ 600 IU/L
- hyperammonemia
- hypoglycemia
- low ketones
- metabolic acidosis

- ketones commonly low or
absent

- hypoglycemia  more common

- significant lactic acidosis more
common

- higher AST & ALT with necrosis,
when present

• Treatment: high CH2O diet and IV carnitine during crisis
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ATP



- 17-year-old boy and father ate spaghetti and pesto, 4 days old.
- Gastroenteritis within 30 minutes, less severe in son.
- Son’s illness worsened with lethargy and jaundice over 2 days.
- Died in hospital despite supportive care on 3rd day.
- Afebrile, AST 2140; ALT 5270; total bilirubin 7; pH 7.27.

microvesicular 
steatosis and necrosis



B. cereus

enterotoxin

diarrhea

cereulide

emesis

- Structurally similar to valino-
mycin.

- Transports K+ across inner
mitochondrial membrane.

- Depolarizes mitochondrial
membrane.

- Inhibits oxidative phosphory-
lation through uncoupling.





Low K+ influx from valino-
mycin, increased pH as K+ re-
places H+ and blocks redox 
activity of ubiquinone, and in-
creases NADH/NAD ratio (?) 
and ROS generation.

High K+ influx from valinomy-
cin, membrane depolarization 
leads to uncoupling and in-
creased oxygen consumption 
and decreased ATP formation, 
with low NADH/NAD ratio.
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PAS stain with arrow pointing 
at microvesicular steatosis.

Both macro- and microves-
icular steatosis were report-
ed in this series, usually in 
the same patients.

AST 41 to 1455, with all 
but one < 600.



Mitochondria

- Most cells contain 500 to 
2000 mitochondria.

- An average of 5 circular 
DNA molecules per  or-
ganelle, with ~ 2,500 to
10,000  mDNA per cell.

- mDNA codes for:
13 peptides for ETC
22 tRNAs
2 rRNAs 



• Every time cell replicates, thousands of mtDNA 
must replicate

• DNA polymerase-g responsible for mtDNA 
replication

• Inhibition of DNA polymerase-g impairs OP

– decreased OP

– metabolic acidosis

– hepatic steatosis

– pancreatitis

– peripheral neuropathy

– others

Mitochondria



g-DNA Polymerase Inhibition
Nucleoside Reverse Transcriptase Inhibitors

–didanosine (ddI)

– zalcitabine (ddC)

– abacavir (ABV)

– zidovudine (ZDV)

– adefovir (PMEA)

– lamivudine (3TC)

– stavudine (d4T)

– lodenosine (Fdda)

–emtricitabine (FTC)

lactic acidosis
hepatic steatosis
?encephalopathy



Enzyme assays and cell cultures demonstrate 
hierarchy of g-DNA polymerase inhibition

least 
inhibition

most 
inhibitionzalcitabine

didanosine
stavudine
lamivudine
zidovudine
abacavir

exact order 
controversial





Woman developed lactic 
acidosis and liver failure 
after IV linezolid X 50 days.

AST 9 – 755
ALT 10 – 547
Bilirubin up to 12.8 mg/dL



63-year-old woman 
admitted with lactic 
acidosis, obtundation, 
blindness, myopathy, 
quadriparesis, renal failure 
and hepatic dysfunction 
after or linezolid X 120 
days.

Liver biopsy: microvesicular 
steatosis with some 
macrovesicular findings.
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Summary

• Treatment

• Stop offending agent

• Attempt to support caloric requirement 
with carbohydrate to maintain intracellular 
acetyl-CoA levels and prevent need for FA 
oxidation.

• Carnitine supplementation

• Supportive care
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