[bookmark: _Hlk178276195][bookmark: _Hlk176700313]Delayed treatment of misdiagnosed mushroom poisoning. Do organic anion transporting polypeptides’ substrates matter?

Zanina Pereska1, PhD, MD, Assoc. prof https://orcid.org/0000-0001-5922-6336
Dushan Petkovski2, MD
Valentina Arsova3 MD
1University Clinic of Toxicology, Ss Cyril and Methodius University, Medical faculty, Skopje, North Macedonia
2University Clinic of Cardiology, Ss Cyril and Methodius University, Medical faculty, Skopje, North Macedonia
3Internal medicine resident, Ss Cyril and Methodius University, Medical faculty, Skopje, North Macedonia

https://doi.org/10.1177/10806032251338278

Zanina Pereska (corresponding author)
University Clinic of Toxicology
Email: perevska @yahoo.com	
Cell: +389 71 217 607


Abstract
[bookmark: _Hlk192879353][bookmark: _Hlk192879370][bookmark: _Hlk192879399] A middle-aged man was admitted to the clinic four days after the ingestion of wild mushrooms. His medical history included type 2 diabetes, hypertension, and coronary bypass. Initially misdiagnosed with infectious enterocolitis, he was treated as an outpatient with IV fluids while continuing his chronic medications (statins, beta-blockers, aspirin).
[bookmark: _Hlk192879421][bookmark: _Hlk192879440][bookmark: _Hlk192879509]On day three, blood tests confirmed hepato-renal syndrome, and he was transferred to the clinic. On admission, he was alert with BP 100/60 mmHg, HR 100/min, sinus rhythm, right upper quadrant pain, and jaundice. Lab results showed thrombocytopenia, severe hepato-renal dysfunction, prolonged prothrombin time (29.3 sec), and a MELD score of 30.
[bookmark: _Hlk192879551][bookmark: _Hlk192879578]For three days, he was simultaneously exposed to amatoxin and chronic cardiovascular medications, both substrates for the same transporters. Treatment was adjusted to IV acetylcysteine (double regimen), oral silymarin (600 mg/day), and supportive therapy. He recovered within 10 days, with transaminases normalizing after three months. Understanding transporter-related drug interactions and patient-specific metabolic differences may improve future management strategies and patient survival. Further research is needed on alternative inhibitors of amatoxin uptake and competitive OATP substrates to expand treatment options.
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Introduction
Amatoxin poisoning is characterized by a delayed onset of symptoms, often leading to postponed medical intervention and, in many cases, a fatal outcome. The clinical progression includes a prolonged incubation period from ingestion to symptom onset, acute gastroenterocolitis, a brief asymptomatic phase, and ultimately, hepato-renal syndrome with multiorgan failure. The toxin primarily targets the liver, kidneys, brain, pancreas, and intestines, resulting in progressive organ dysfunction.1 
[bookmark: _Hlk192879880][bookmark: _Hlk192879899]The toxic cyclopeptides responsible for poisoning—amatoxins, phallotoxins, and virotoxins—are found in three mushroom species: Amanita, Lepiota, and Galerina. Among these, α-amanitin is the most potent inhibitor of DNA-dependent RNA polymerase II, thus suppressing protein synthesis.2 This toxin induces apoptosis through p53- and caspase-3-dependent pathways, TNF-α upregulation in liver cells, and oxidative stress.3 Additionally, β-amatoxins inhibit RNA polymerase III, impairing the liver’s regenerative capacity. Treatment strategies focus on intensive decontamination, repeated doses of activated charcoal, aggressive rehydration, and administering antidotes such as silibinin, penicillin G, and acetylcysteine (ACC). Extracorporeal elimination techniques, including Molecular Adsorbent Recirculating System (MARS) and plasma exchange, are also frequently recommended.1
[bookmark: _Hlk192879930][bookmark: _Hlk192879953][bookmark: _Hlk192879984]Amatoxins exhibit the highest liver uptake during the initial days of poisoning, facilitated by organic anion-transporting polypeptide (OATP) 1B3, located on the sinusoidal membrane of hepatocytes, and sodium taurocholate co-transporter (NTCP).4,5  Key antidotes, including penicillin and silymarin/silibinin, function by blocking toxin uptake, highlighting the importance of early administration.6,7  Furthermore, silymarin/silibinin suppresses pro-inflammatory signals (TNF-α, IL-1, IL-6, granulocyte-macrophage colony-stimulating factor -GM-CSF) while acting as a free radical scavenger and lipid peroxidation inhibitors.8
[bookmark: _Hlk192880009]The high cost and limited availability of antidotes, along with delayed treatment, pose significant challenges for toxicologists and are often linked to poorer patient outcomes.9 
[bookmark: _Hlk192880036]We present a case of severe amatoxin poisoning that was initially misdiagnosed, leading to delayed treatment. Notably, during the critical first three days—when intracellular toxin uptake occurs—the patient only took chronic cardiovascular medication, which shares the same transporters as amatoxins. This unique circumstance adds complexity to the case and underscores the urgency of early intervention in amatoxin poisoning.  
Case presentation
[bookmark: _Hlk192880072][bookmark: _Hlk176802560][bookmark: _Hlk192880121]A middle-aged man was admitted to the clinic on the fourth day following the ingestion of wild mushrooms, which he had mistaken for parasol mushrooms (Macrolepiota procera). Approximately 16 hours after consumption, he developed severe gastroenterocolitis with abdominal cramps and sought medical attention at a local medical center. Despite reporting the ingestion of foraged mushrooms, he was misdiagnosed with infectious enterocolitis and was treated with intravenous fluids (500 mL of 0.9% NaCl) and vitamins. He was advised to take probiotics, stay hydrated, and follow a prescribed diet.
[bookmark: _Hlk192880147][bookmark: _Hlk192880185][bookmark: _Hlk192880204]The patient had a medical history of type 2 diabetes, hypertension, and coronary artery disease, having undergone heart bypass surgery a decade earlier. His regular medications included oral antidiabetics (empagliflozin 10 mg), antihypertensives (perindopril 4 mg), antiarrhythmics (metoprolol 100 mg), thiazide diuretics (hydrochlorothiazide 25 mg), antiplatelet therapy (acetylsalicylic acid 100 mg), and statins (rosuvastatin 40 mg). Despite these conditions, he was in good overall health, with well-controlled diabetes and a satisfactory left ventricular ejection fraction.
[bookmark: _Hlk192880255][bookmark: _Hlk192880273]As his symptoms persisted over the next 24 hours, he returned to the emergency department, only to receive the same treatment and advice. Meanwhile, he continued his regular medication regimen, excluding ACE inhibitors. On the third day, his general practitioner ordered blood tests, which the following day revealed severe hepatic and renal dysfunction (Table 1). Due to his worsening condition and history of coronary artery disease, he was referred to the Cardiology University Clinic in the capital.
Hospital Admission and Diagnosis
[bookmark: _Hlk192880339][bookmark: _Hlk192880390]Upon arrival, the patient was alert but in distress, with a blood pressure of 100/60 mmHg and a heart rate of 100 beats per minute in sinus rhythm. He reported pain in the right upper quadrant of the abdomen, and his sclera had a yellowish discoloration. Laboratory tests showed significant abnormalities with liver dysfunction: ALT 6916 U/L, AST 11,864 U/L, GGT 199 U/L (later rising to 608 U/L), and LDH 7961 U/L; coagulation abnormalities like prolonged Prothrombin time 29.3 s (normal: 11–14 s), increased D-dimer 8183 ng/mL, renal impairment: BUN 17.1 mmol/L, creatinine 133.8 µmol/L, thrombocytopenia with platelet count of 129 ×10⁹/L and metabolic acidosis: pH 7.3, BE -14.2 mmol/L, lactate 3.0 mmol/L
[bookmark: _Hlk192880568][bookmark: _Hlk192880595]Serology for hepatitis B, C, and HIV was negative. Stool cultures were also negative. A clinical toxicologist was consulted, and based on the patient’s symptoms, laboratory findings, and a mycological atlas, the most likely diagnosis was confirmed as amatoxin poisoning. The presumed culprit was Lepiota brunneoincarnata, a highly toxic mushroom species that could not be ruled out as growing in the region, according to the mycologist. However, definitive confirmation by a mycologist was impossible, as the patient had no remaining mushroom samples or gastric contents available for analysis by the fourth day of poisoning.
Treatment and Progression
[bookmark: _Hlk192880630]The patient was immediately placed on intensive intravenous rehydration with 3000 mL of fluids over 24 hours and received 440 mL of fresh frozen plasma on the first day, which led to an improvement in coagulation parameters (prothrombin time decreased to 18.8 seconds) and increased urine output.
[bookmark: _Hlk192880673][bookmark: _Hlk192880740][bookmark: _Hlk192880771]Treatment with oral acetylcysteine (ACC) was initiated with a loading dose of 140 mg/kg, followed by 70 mg/kg every four hours in 17 doses.10   However, due to the gastric discomfort, he couldn’t tolerate the full course. He was also started on oral silymarin (600 mg daily in three divided doses). 11 Since it was already the fourth day of poisoning, activated charcoal was not administered. The follow-up analysis after 6 hours showed elevated aminotransferases, with AST at 13704 U/L and ALT at 8389 U/L (Figure 1). His treatment included parenteral PPI, regular cardiology medications (excluding statins), metoprolol switched to bisoprolol, and empagliflozin replaced by rapid-acting insulin based on his glycemic profile.
[bookmark: _Hlk192880816][bookmark: _Hlk192880932]Parenteral ACC was introduced after 12 hours, administered as 200 mg/kg over four hours, followed by 100 mg/kg over the next 16 hours.12 After 24 hours, transaminase levels showed a modest decline (ALT 6562 U/L, AST 8265 U/L), but thrombocytopenia worsened (platelet count 81 ×10⁹/L). Over the next three days, renal function, transaminases, and coagulation parameters gradually normalized, prompting a continuation of ACC at a maintenance dose.
[bookmark: _Hlk192880977][bookmark: _Hlk192881022][bookmark: _Hlk192881045]By the sixth day, GGT levels peaked at 668 U/L, coinciding with the final day of ACC therapy. Two days after discontinuation, GGT levels began to decline. Prothrombin time returned to the reference range by the eighth day post-ingestion (fourth day of hospitalization). However, platelet levels continued to drop, reaching a nadir of 58 ×10⁹/L on the fourth day of hospitalization.
[bookmark: _Hlk192881108][bookmark: _Hlk192881139][bookmark: _Hlk192881175][bookmark: _Hlk192881225]Dexamethasone (4 mg IV twice daily) was administered to treat thrombocytopenia.13  Given the patient's underlying coronary artery disease and a mildly shortened activated partial thromboplastin time (23.6 sec; normal range: 27.9–37.3 sec), enoxaparin (40 mg subcutaneously) was introduced on the fifth day, once liver biomarkers began to show improvement. Platelet counts were closely monitored alongside hemostatic parameters because of the potential risk for bleeding (Table 1). Within 24 hours, platelet counts began to recover. By the time of hospital discharge on the 14th day post-ingestion, the platelet count had risen to 101 ×10⁹/L (Figure 2), while transaminases gradually declined. By the ninth day of hospitalization, AST had normalized (56 U/L), though ALT remained slightly elevated (415 U/L) (Figure 1).
[bookmark: _Hlk192881275]Bilirubin levels peaked on the second day of hospitalization (total: 142 µmol/L; direct: 121 µmol/L) but began decreasing two days after the initiation of parenteral ACC. By discharge, bilirubin levels had nearly returned to the upper limit of normal (Figure 3).
[bookmark: _Hlk192881294][bookmark: _Hlk192881324]A follow-up abdominal ultrasound on the fifth day of hospitalization revealed an enlarged liver with pronounced steatosis but no congestion. Echocardiography confirmed normal heart chamber dimensions and systolic function, with a 2 mm thickened pericardial layer indicative of chronic pericarditis.
[bookmark: _Hlk192881367][bookmark: _Hlk192881387]The D-dimer levels decreased to 2872 ng/mL during hospitalization but remained elevated, likely due to sustained kidney function recovery. The patient was discharged with enoxaparin (60 mg SC twice daily), silymarin (200 mg three times daily), and his usual cardiovascular and diabetic medications. Statins were reintroduced gradually after discharge.
[bookmark: _Hlk192881404]Three months later, transaminases had fully normalized, and a follow-up ultrasound showed a marked reduction in liver steatosis “[Insert Figure 4]”.
Discussion
[bookmark: _Hlk192881454][bookmark: _Hlk192881476]	We present a case of delayed treatment of severe amatoxin-containing mushroom poisoning due to initial misdiagnosis. The patient received specific treatment late, by which time he had developed severe hepatitis, laboratory abnormalities, and coagulation disturbances. His prognosis was poor, with a MELD (Model for End-Stage Liver Disease) score of 30, exceeding the critical threshold of 15.14
[bookmark: _Hlk192881532][bookmark: _Hlk192881606][bookmark: _Hlk192881654][bookmark: _Hlk192881718][bookmark: _Hlk192881771][bookmark: _Hlk192881795]The outcomes of severe amatoxin poisoning vary based on toxicity differences among mushroom species.15 Some reports document fatal outcomes despite lower transaminase, bilirubin, and prothrombin time values than our case16. Bonacini et al. suggest AST levels above 4000 U/L as critical for liver transplantation, a threshold exceeded by our patient at admission. 17 Conversely, Ur Rahman et al. reported a case with negative prognostic markers (INR 4.3, AST 2520, ALT 2123) but a favorable outcome, highlighting the importance of timely antidote administration.18 Even with prompt treatment, ingestion of a lethal dose—especially in elderly and female patients—may lead to poor outcomes17. Delayed treatment increases the likelihood of unfavorable results or liver transplantation, depending on healthcare system capabilities.19
Despite an initial poor prognosis, our patient showed unexpected improvement. We considered the potential influence of his standard prehospital treatment, which included statins, beta-blockers, and aspirin. Amatoxin enters hepatocytes via OATPs (organic anion-transporting polypeptides), which also serve as transporters for physiologic substrates including bilirubin, and medicines like beta-blockers, statins, sartans, angiotensin-converting enzyme inhibitors, and antibiotics20. Competition among these substrates, including amatoxin, for the OATP1B3 transporter may have influenced toxin uptake21. Experimental studies indicate that amatoxin has a short half-life (26.7–49.6 minutes in animal models and humans22, reinforcing the need for early antidote administration.
[bookmark: _Hlk192091610]Our patient’s therapy included rosuvastatin, which may have reduced hepatic amatoxin uptake during the prehospital period. Rosuvastatin inhibits OATP1B1/B3 by 71% and 54%, respectively, compared to silymarin’s stronger inhibition (94% and 88.5%)23. Metoprolol, a weak OATP inhibitor, had minimal influence (28.1% and 29.1% inhibition of OATP1B1/B3)23, while empagliflozin, an OATP1B1/B3 substrate, was not an inhibitor. When empagliflozin was used at recommended doses, its interaction with OATP inhibitors resulted in a less than 2-fold increase in plasma levels24.
[bookmark: _Hlk192094430]Diabetes mellitus, associated with decreased OATP1B expression25,26 and non-alcoholic steatohepatitis27, may impact drug interactions. These conditions increase silymarin plasma concentration, enhancing its inhibitory effect on OATP substrates, and potentially raising plasma levels of rosuvastatin more than two-fold.28 This dual effect could reduce hepatic amatoxin uptake while increasing plasma levels, potentially elevating toxicity. While a standard silymarin dose (140 mg three times daily) does not significantly interact with rosuvastatin at OATP1B3, higher doses or formulations with increased bioavailability could interfere with intracellular rosuvastatin uptake and enhance plasma drug concentrations.29 Metoprolol and empagliflozin might also be affected, but we mitigated risks by using a standard silymarin dose (600 mg/day), discontinuing rosuvastatin, replacing empagliflozin with insulin, and switching metoprolol to bisoprolol, so far not associated with significant role as OATP1B3 substrate or inhibitor. These measures reduced the likelihood of significant drug interactions. Genetic polymorphisms affecting transporter genes may have played an undetected role in individual variations in drug interactions and responses.
The best outcomes occur with early administration of silibinin, penicillin, or their combination with N-acetylcysteine.30 These antidotes inhibit toxin uptake in hepatocytes to varying degrees. Other drugs, such as prednisolone,4 rifampicin,4,31 and cyclosporine,4,32 also target this mechanism. Cyclosporine additionally prevents hepatocyte apoptosis via the p53 pathway,33 which may be beneficial in acute liver failure.
Our patient received parenteral ACC, which rapidly improved liver biomarkers. ACC acts as a glutathione precursor, free radical scavenger, NF-κB inhibitor, and vasodilator, enhancing hepatic blood flow. Literature reports have documented ACC’s positive effects on mushroom poisoning.34, with additional continuous infusion regimens providing recognized benefits 35, as observed in our case. During ACC administration, we observed increased GGT levels with only mild hyperbilirubinemia. Bilirubin levels declined after ACC initiation, while GGT decreased two days after discontinuation. While increased GGT activity may indicate cholestasis, it can also serve as a biomarker for the heightened need to regulate cysteine and glutathione levels during ACC administration.36 We excluded other medication influences, as the patient continued the same therapy post-ACC discontinuation without GGT elevation. One study suggests ACC inhibits OATP1B1,37  making it a potential interaction candidate with silibinin, warranting further research.
α-Amanitin induces apoptosis in hematopoietic cells via caspase-dependent mechanisms, unaffected by standard OATP1B3 inhibitors.38 Our patient developed thrombocytopenia, successfully managed with dexamethasone (4 mg twice daily).13
Study limitation
[bookmark: _Hlk193048843]The limitation of our study was the challenge of accurately identifying the mushroom species, as no specimen was available for mycological analysis. Additionally, the patient sought medical care three days post-ingestion, leaving no gastric contents for mycologic examination. Overall, caution is needed when interpreting the management of a single poisoned patient, as conclusions drawn from treating just one case may not be reliable or applicable to other situations.

Conclusion
Mushroom poisoning should be considered in acute gastroenterocolitis diagnosis to prevent misdiagnosis-related poor outcomes. This case highlights delayed treatment challenges and the role of transporter-mediated drug interactions in amatoxin poisoning as well as parenteral ACC effectiveness. Managing mushroom poisoning requires a cautious, personalized approach due to potential serious drug interactions.
Further research is needed on alternative inhibitors of amatoxin uptake and their interactions to improve treatment strategies. 
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Figure 1. Aminotransferase levels during hospitalization

Figure 2. Platelet counts during hospitalization

Figure 3. Total and direct bilirubin concentration during hospitalization
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