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Common toxic mushroom in Thailand

• Hepatotoxic mushroom
• Rhabdomyolysis mushroom
• GI toxic mushroom
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Hepatotoxic mushroom

• Cyclopeptide mushroom:
• Amanita phaloides
• Amanita virosa
• Galerina spp.
• Lepiota spp.
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Hepatotoxic mushroom

• Amatoxin (alpha or beta amanitin)
• Inhibit RNA polymerase II

• 3-24 h after ingestion: Delay onset GI symptoms
• 12-36 h: Asymptomatic ↑ AST and ALT 
• 48-72 h: Hepatitis; may progress to liver failure
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Hepatotoxic mushroom: treatment

• Early recognition
• Fluid resuscitation
• Block cellular uptake: 

Silibinin, Silymarin, Penicillin G
• Antioxidant: N-acetylcysteine
• Inhibit enterohepatic recirculation: 

multiple dose activated charcoal
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Rhabdomyolysis mushroom

• Tricholoma equestre
• Russular subnigricans

• 1-3 h: Early onset GI symptoms
• Myalgia, Rhabdomyolysis, Dark urine
• ↑creatine phosphokinase (CPK, CK)

• Treatment: no specific treatment
aggressive hydration, correct electrolyte imbalance
some may need hemodialysis for electrolyte imbalance
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GI toxic mushroom

• Chlorophyllum molybdites, 
• Russula emetica, 
• Scleroderma citrinum

• ½-3 h: Early onset GI symptoms
• Some got hypovolemic shock and severe electrolyte imbalance

• Treatment: no specific treatment
aggressive hydration, correct electrolyte imbalance
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Recommendation in Rainy Season

• Ask for Hx of food intake back at least 24 hr

• Ask for mushroom consuming-to-onset interval

• Late onset: treat as Hepatotoxic mushroom

• Early onset: aggressive hydration, beware of rhabdomyolysis
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Treatment for 
hepatotoxic mushroom

poisoning
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Treatment for hepatotoxic mushroom poisoning

• N-acetylcysteine
• Penicillin G
• Silibinin/silymarin
• Multiple dose activated charcoal
• Steroid
• Supportive care (esp. adequate hydration)
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N-acetylcysteine
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N-acetylcysteine

• Antioxidant (glutathione precursor) 
• ↑Microvasculature blood flow
• ↑Hepatic ATP production
• ↓WBC adhesion and cytokine release

• From systematic review: 
NAC treatment combined with other therapies appears to be 
beneficial and safe Kawaji A, et al. J Toxicol Sci. 1990; 12: 141-2

Magdalan J, et al. In Vivo. 2009; 23: 393-400
Liu J, et al. Clin Toxicol (Philla). 2020; 58:1015-22  
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N-acetylcysteine
• A 6-year retrospective study in inpatient unit
• 40 cases;

• 24 cases with NAC (12 g/d) + standard regimen
• 16 cases with standard regimen 

(Pen G, MDAC, hemoperfusion, lactulose)
• Lower mortality rate in NAC group (4.4%) 

compare to standard regimen (18.7%)
• Also lower AST, ALT, LDH, INR at 72hr, 1wk, 2wk

Akın A, et al. J Drug Metab Toxicol. 2013, 4:5
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N-acetylcysteine
• Loading

• 150 mg/kg IV drip in 1hr then
• 50 mg/kg in 4 hr then

• Maintenance 150 mg/kg/day until recovery 
• ↓AST & ALT, and < 1000 u/L
• ↓INR, and < 2 
• At least 48 hr

• Beware of anaphylactoid (rate dependent)
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Penicillin G
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Penicillin G

• ↓uptake of α amanitin
• Block binding of α amanitin to RNA polymerase

• Benefit in rat and human hepatocytes if given in 
the same time with α amanitin.

Magdalan J, et al. Arch Toxicol. 2009; 83: 1091-6
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Penicillin G

• Benefit in canine model; given 5 hr after ingestion.

• In human study, 
combination of penicillin G with dexamethasone and lipoic acid 
could decrease mortality if treated in 1-2 days vs after 2 days
(death = 0/33, vs 3/14). 

Floersheim GL, et al. Toxicol Appl Pharmacol. 1978 ;46: 455-62
Moroni F, et al. Arch Toxicol. 1976; 36:111-5
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Penicillin G

• 0.3 MU/kg q 6 hr for 3 days

• Should be start within 24 hr

• Allergic reaction
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Silibinin/silymarin
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Silibinin/silymarin

• Silymarin = active complex of milk thistle (Silybum marianum)
• Silibinin = one of the isomer; 50-80% of the extract products

• Silibinin inhibits OATP1B3 
(α amanitin uptake and enterohepatic recycling)

• Antioxidant

Meng U, et al. Curr Pharm Biotechnol. 20012; 13: 1964-70
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Silibinin/silymarin

• ↓superoxide dismutase and lipid peroxidation 
in human hepatocytes

• Silimarin shown benefit in mice model injected 
with A. phalloides extract

• Both fail to show benefit if delayed given in mice model 
with α amanitin

Magdalan J, et al. Hu Exp Tox. 2011; 30: 38-43
Magdalan J, et al. Arch Toxicol. 1975; 34: 499-508
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Silibinin
• Silibinin shows benefit in canine model with delayed 

treatment (16 hr after ingestion n=12 vs n=11)

Vogel G, Et al. Toxicol Appl Pharmacol. 1984;73:355-62 
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Silibinin

• Silibinin: Loading 5mg/kg IV over 1 hr
then 20 mg/kg/d 
for 3 days

• Should be started within 24 hr

• Mild flushing
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Silymarin

• Silymarin (140 mg/tab): 
4.2 - 4.5 gm/day 
= 8 tab every 6 hours
(70-80% in market products, bioavailability 23-47%)

• Should be started within 24 hr
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Others
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MDAC

• By theory, MDAC decrease absorption and 
enterohepatic recirculation of α amanitin

• Efficacy is not studied

• Dose 1-2mg/kg then 0.5-1mg/kg q 4-6hr 
• Should be started within 72 hr
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Steroid

• ↓uptake of α amanitin
• Anti-inflammation 

• Controversy in animal model
• Currently not recommended

Floersheim GL. Toxicol Appl Pharmacol. 1975 ;46: 499-508
Floersheim GL, et al. Toxicol Appl Pharmacol. 1978 ;46: 455-62
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Others
• Vitamin C, α lipoic acid, rifampin, cimetidine, insulin, 

growth hormone, cytochrome c, polymyxin B
• Extracorporeal removal: HD, HP, plasmapheresis, MARS

• No data support
• Currently not recommended
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A retrospective review of 
detailed cases over 20 years

Enjalbert F, et al. Clin Toxicol. 2002;40:715-57
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A 20-year retrospective review

Enjalbert F, et al. Clin Toxicol. 2002;40:715-57

Treatment Total cases (n) Motality rate (%) Transplant (%)

Supportive care 91 47.3 6.6

NAC 89 6.7 0

Pen G 164 11.6 0.6

Silibinin 74 5.4 4.1

Dexa 385 10.4 1.6

Pen G + Silibinin 542 7.9 2.2

Pen G + Antioxidant 111 9.1 0.9

Pen G + Steroid 95 14.7 0

Pen G + Thioctic acid 207 16.9 0

Pen G + Others 299 15.4 0.7
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Current recommendation
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Onset: < 3 hr

• Mx as GI toxic and survey for rhabdomyolysis
• Rehydration

(aware of deficit and concurrent loss and maintenance)
• CBC, Electrolytes, BUN, Cr, CPK, LFT, UA, 

monitor I/O
• Activated charcoal 1g/kg PO for 1 dose (if present <= 4hr)
• Day 1: admit for supportive care
• Day 2: if everything normal  D/C + F/U on Day 3  
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Suspected rhabdomyolysis

• If ↑CPK, UA blood marked positive without RBC, 
dark urine, or myalgia 
Aggressive hydration; keep urine output 3 ml/kg/h

• Check Ca, PO4, K, AST, ALT, cardiac enzyme, EKG, CXR
• If abnormal EKG  echocardiogram
• Optional: urine alkalinization
• Hemodialysis as usual indication

• Note: CPK >= 5000 u/L – risk of renal injury 
T1/2 of CPK 1.5 d, myoglobin 3 h 
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Onset: 3- < 5 hr

• Mx as GI toxic 
survey for rhabdomyolysis and hepatotoxicity 

• Rehydration
(aware of deficit and concurrent loss and maintenance)

• CBC, Electrolytes, BUN, Cr, CPK, LFT, UA, 
monitor I/O

• MDAC 1g/kg PO then 0.5g/kg q 6 hr
• Day 1: admit for supportive care
• Day 2: if everything normal  D/C + F/U on Day 3  
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Onset: >=5 hr or hepatotoxicity

• Mx as hepatotoxic mushroom poisoning 
• Rehydration

(aware of deficit and concurrent loss and maintenance)
• CBC, Electrolytes, BUN, Cr, CPK, LFT, UA, INR, Glucose

monitor I/O
• Admit & treatment for 3 days
• N-acetylcysteine
• MDAC 1g/kg PO then 0.5g/kg q 6 hr (if present within 3 d)
• Choose between Pen G, Silibinin, or Silymarin 

(if present within 24 hr)
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Consider role of liver transplantation

• King's College criteria for non-paracetamol induced 
hepatic failure

• INR > 6.5 (PT > 100 sec) or
• 3 from 5 of the followings 

• Age < 10 or > 40 years
• Etiology: non-A/non-B hepatitis, drug-induced
• Duration of jaundice to hepatic encephalopathy >7 days
• INR > 3.5 (PT > 50 sec) 
• Serum bilirubin > 18 mg/dL (300 mcmol/L)
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Thank you for your attention
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