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Mushroom poisoning has always been a threat to human health. There are a large number of reports about ingestion of
poisonous mushrooms every year around the world. It attracts the attention of researchers, especially in the aspects of
toxin composition, toxic mechanism and toxin application in poisonous mushroom. Inocybe is a large genus of
mushrooms and contains toxic substances including muscarine, psilocybin, psilocin, aeruginascin, lectins and baeocystin.
In order to prevent and remedy mushroom poisoning, it is significant to clarify the toxic effects and mechanisms of these
bioactive substances.
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| 1. Introduction

Poisoning incidents caused by ingesting poisonous mushrooms occur every year all over the world, and a large number of
poisoning incidents have been reported. Accidental poisoning by foraged mushrooms can affect health or even lead to
death in some cases. Mushroom poisoning is a worldwide food safety issue and it has been one of the main causes of
food poisoning deaths.

In recent years, more than 100 kinds of poisonous mushrooms have been found, of which more than 30 have fatal toxicity.
Among the many poisonous mushrooms, the genus Inocybe are common poisonous mushrooms. Many species of the
genus Inocybe, a highly diverse genus of ectomycorrhizal Agaricales, are world-wide mycorrhizal mushrooms. At present,
we mainly distinguish edible fungi and toadstools by morphology, but Inocybe mushrooms are often confused with edible
species because of their similar appearance, which is also often the cause of mushroom poisoning 2. People and animals
may show some toxic symptoms after ingesting these mushrooms. The main toxic substances of these fungi are
muscarine, psilocybin and psilocin. They act primarily on the central nervous system and may cause a range of
neurological symptoms. Muscarine increases parasympathetic tone by M-type of post-ganglionic parasympathetic
receptors located in muscles and glands, and it causes parasympathetic nervous excitement, heart rate slows down and
weakens, muscle contractions, increased gland secretion and pupils become constricted. Furthermore, it can act on the
central nervous system and cause nerve excitement 2. Muscarine is fatal to human beings if too much is ingested at
once. According to the available data, the human lethal dose of muscarine in the aforementioned mushrooms is about 500
g of raw mushroom. However, 10 to 20 g of raw mushroom is enough to lead to poisoning . Thus, eating a small number
of poisonous mushrooms by mistake is very likely to be poisonous.

Psilocybin and psilocin are neurohallucinogenic toxins and they cause people to experience hallucinations, uncontrollable
laughter, extreme excitement and other strange feelings after ingestion. Therefore, they are also known as “laughing
mushrooms” and are banned in many western countries as drugs because of these strange neurological symptoms.

Although these toxins have toxic effects and may threaten human life and health, they have been applied to scientific
research and biomedicine with the development and maturity of scientific research. Psilocybin and psilocin, particularly,
are widely used in the treatment of neurological diseases, drug addiction and psychotherapy due to their mild toxic effects.
Psilocybin and psilocin can change the state of neuroconsciousness and reduce anxiety and depression in psychiatric
patients. They are also used as a treatment for Alzheimer’s disease, schizophrenia and other mental and psychiatric
disorders. Due to their low toxicity and short duration of action, they are often used as a drug substitute for drug treatment
to reduce the pain and dependence of drug addicts.

Mushroom poisoning is closely related to people’s health and life, so it is of great significance to understanding toxic
components and toxic types of poisonous mushrooms for prevention and treatment of mushroom poisoning. In this review
article, we summarized the chemistry, most known toxic effects and mechanisms of major toxic substances in Inocybe



mushrooms, especially muscarine, psilocybin and psilocin. We also discuss the treatment and applications of these
toxins. It is hoped that this review can help us to better understand the main bioactive substances and the clinical
application of Inocybe, so as to provide some reference for toxin related researchers.

| 2. Mycology

Inocybe is a large genus of mushrooms in the order Agaricales and family Cortinariaceae (Figure 1). Index Fungorum
includes 848 species in Inocybe . The genus Inocybe (Inocybaceae) has a wide distribution in temperate and tropical
regions of the Northern Hemisphere. As for morphological characteristics, the fruiting bodies are small. The cap is deep
cinnamon-brown to rust-brown oblate with hairy scales, up to 4 cm in diameter and have margin without cracks.
Mushroom meat is white and its fold is straight to nearly extended, light rust color, with white fold margin. The mushroom
has a cylindrical almost-white stipe. Its ecological habit is to grow in groups in forests. Ryberg and collaborators
considered that large parts of Inocybe taxonomy and evolutionary history remain poorly explored E. As new species of
Inocybe mushrooms are discovered, some confusion around this group of mushrooms is quite understandable.

Figure 1. Inocybe mushrooms.

| 3. Inocybe Poisoning

Inocybe mushrooms contain toxic substances, which can cause poisoning at low dose. Due to the similar appearance to
many edible mushrooms, they are often eaten by humans and animals by mistake. Published reports of poisoning with
Inocybe poisonous fungi are limited to intoxication of dogs and humans.

3.1. Animal Poisoning

In general, the number of reported animal poisonings is relatively low. Toxicology testing is only available for a limited
number of fungal toxins. Three cases of dog poisoning with Inocybe asterospora Quel were recorded in China €4, and
five cases were recorded in Norway . Common clinical findings in dogs were diarrhea, vomiting, ptyalism and
tachycardia. The results of the therapy have shown that the prognosis of Inocybe poisoning is very good. All dogs only
fully recovered after supportive care.

3.2. Human Poisoning

Poisoning by people with /nocybe mushrooms is not very common. The diagnosis uses the clinical picture and
anamnestic data, mycological and toxicological examination of the residues of mushrooms, their spores and toxins <.
Several published reports of poisonous Inocybe mushrooms were often limited by insufficient identification of the species
[, Jnocybe erubescens (syn. I. patouillardii) (Eigure 2) is the most common type of Inocybe associated with toxicity in

Europe. Other poisoning of humans was reported in species Inocybe fastigiata 19, Inocybe tristis 11, Inocybe asterospora
1, and Inocybe aeruginascens 12,



Figure 2. Inocybe erubescens, the most common Inocybe species associated with toxicity in Europe.

Although awareness of poisonous mushrooms is increasing, hospitals annually treat many patients diagnosed with
poisoning by toxic fungal species. Inocybe fungal poisoning has been reported in India in 2015 131, A total of 11 people
were poisoned, including a 6-month-old child. All those treated were hospitalized. Respiratory distress, vomiting, diarrhea
and visual disturbances were observed. It is not known how they were treated, but everyone was released from hospital
the next day after intoxication. Tropical Inocybe carnosibulbosa CK Pradeep & Matheny, previously unknown in India,
have been identified as the cause of poisoning 24!, In 2019 in the province of Ningxia in China, two patients exhibited
typical muscarinic symptons after consuming wild mushrooms. The clinical manifestations included chills, sweating,
salivation and diarrhea. The incubation period was approximately 2 h. After emergency treatment, they recovered 24 h
later. The specimen was identified as Inocybe serotina and muscarine was detected 18, In China, one of the food
poisoning accidents in Panyu City, Guangdong province, attracted people’'s attention. Ten migrant workers on a
construction site ingested mushrooms which grew on cow dung as their dinner. After eating for about 5 min, some people
experienced nausea, dizziness, headache and limb weakness. Two hours later, all the workers had the same symptons.
The doctor immediately induced emesis, gastrolavage, activated carbon adsorption and other emergency measures; all
the workers recovered and were discharged 3 d later. Experts determined that the cause of poisoning was the psilocybin
contained in the mushrooms they ate.

The latency to first signs of poisoning varies between 15 min and 2 h after consumption. Clinical manifestations include
nausea, vomiting, abdominal pain, diarrhea, hypersalivation, diaphoresis, hypotension, tearing, blurred vision, miosis,
tremors, restlessness, flushing and syncope. Additionally, this sickness has a good prognosis after supportive treatment,
including intravenous fluids, antiemetics and 1 mg atropine intravenously. Full recovery is usually within 12 h 161,
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