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   Humans have used psychoactive mushrooms for medical, recreational, religious and ritual purposes since

pre-history. Previous studies have clarified that psychoactive mushrooms produce psychoactive agents such

as psilocybin, psilocin, ibotenic acid, and muscimol. However, the status of psychoactive mushrooms in most

countries as illegal hallucinogens has prevented full investigation of their biochemical properties. Recent

studies have shown that many psychoactive agents pass through the blood-brain barrier and act on neu-

rotransmitter receptors. Psilocybin and psilocin are 5-HT1A and 5-HT2A/C receptor agonists, respectively, while

ibotenic acid is a glutamic acid receptor agonist and muscimol is a GABAA receptor agonist. A new psychoac-

tive agent, aeruginascin, has also been isolated from psychoactive mushrooms, and it is expected that more

useful compounds will be discovered as the technology of component analysis advances. In addition, it has

been shown that psilocybin and psilocin have high therapeutic efficiency for obsessive-compulsive disorder,

which is a difficult-to-treat nervous disease. The increase of nervous diseases in modern society has thus

given new importance to psychoactive mushrooms. In this review, we summarize the history of the use of

psychoactive mushrooms, from pre-history to the modern age, describe their classification and distribution,

survey previous studies, and discuss their therapeutic effects for difficult-to-treat nervous disease. The utiliza-

tion and distribution of psychoactive mushrooms in Japan is given special attention, as there are few articles

on this subject.
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Introduction
　Recently, the increasing number of people suffering from

mental disease has become a serious social problem. Addition-

ally, not only the number but also the range of disorders has

been increasing; obsessive-compulsive disorder (OCD), for ex-

ample, has earned recognition as mental disease only recently.

As this phenomenon is likely to continue for the foreseeable fu-

ture, it is likely that psychiatric studies will grow in importance,

as further investigation of the link between the mind and body

will be needed.
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　Humans have used psychoactive mushrooms for medical

(physical and mental), recreational, religious and ritual uses (as

tool for conversations with the inner self or God) since pre-his-

tory. Similar to alcoholic beverages, psychoactive mushrooms

have had a long and generally positive relationship with humans.

　Previous research has demonstrated that certain substances

passing through the blood-brain barrier affect the central ner-

vous system and cause hallucinogenic effects. Natural products

that have the ability to pass through the blood-brain barrier are

very valuable, and research on these substances is considered

increasingly important. Moreover, recent studies have shown that

substances produced by psychoactive mushrooms are highly ef-

fective for the treatment of intractable nervous diseases. Thus,

these mushrooms have potential value as a novel pharmaco-

therapy' or something similar.

　However, the number of comprehensive papers on psychoac-

tive mushrooms is limited. In particular, for Japanese psychoac-

tive mushrooms, there has been no comprehensive report on the

classification, history and previous studies of these mushrooms.

Hence, this article focuses on the history of the use of psychoac-

tive mushrooms to comprehensively summarize their classifica-

tion, distribution and active components, with an emphasis on

Japanese psychoactive mushrooms.

Classification and distribution
　Psychoactive mushrooms are generally classified as poison-

ous mushrooms. Lincoff and Michell developed a classification

method for mushroom poisonings in 1977 which is still in wide

use today1,2). Mushroom poisonings are roughly grouped into the

following four categories: protoplast poisoning, autonomic nerve

poisoning, central nerve poisoning, and stomach and intestine

poisoning. Psychoactive mushrooms poisonings belong in the

category of central nerve poisoning. When ingested, the mush-

rooms cause central nervous symptoms, including hallucinations,

auditory hallucinations and mental alterations, as well as physi-

cal symptoms including spasm, numbness, and intoxication.

These symptoms are expressed for 20 minutes to two hours after

ingestion and are usually transient.

　Guzman et al.(1998)3) divided psychoactive mushrooms into
four groups.

　The first group comprises mushrooms that produce psilocy-

bin, psilocin, and their derivatives. Psilocybin and psilocin are

similar in structure to serotonin, an intracerebral neurotransmit-

ter, and act on serotonin receptors in the brain to cause halluci-

nations. Many of the so-called called“magic mushrooms”used

for recreational purposes belong to this group of psychoactive

mushrooms. The main genera include Psilocybe, represented by
Psilocybe cubensis and Psilocybe cyanescens Wakefield, and
Panaeolus, represented by Panaeolus papilionaceus and
Panaeolus sphinctrinus, Gymnopilus, Copelandia, Hyboloma,
Pluteus, Inocybe, Conocybe, and Panaeolina.
　The second group comprises mushrooms that produce ibotenic

acid and muscimol. Ibotenic acid is a non-protein amino acid

with an isoxazole skeleton and acts as an agonist to glutamic

acid. Ibotenic acid is decarboxylated to muscimol, which acts as

an agonist to GABA (gamma-aminobutyric acid). Mushrooms

Fig.1 Distribution map of psy-
choactive mushrooms ha-
bitants

Light gray countries: 1-5 reports of psy-
choactive, Gray countries: 6-15 reports
of psychoactive mushrooms, Black
countries: more than 15 reports of psy-
choactive mushrooms
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of the second group belong to genus Amanita, represented by
Amanita muscaria and Amanita pantherina. However, A.
pantherina and A. muscaria produce not only ibotenic acid and
muscimol but also other poisons, often causing complex poison-

ing symptoms by several agents.

　The third group is made up of the genus Claviceps, which
produces ergot alkaloids and is represented by Claviceps
purpurea, and the genus Cordyceps. The fourth group has been
subjected to neither credible chemical research nor the identifi-

cation of its active components. Several species of Psilocybe
and Russula belong to this group, and some members (as well as
many species of Amanita) produce serotonin, baeocystine,
norbaeosystine and bufotenine, indole alkaloids derived from

tryptophane, from which psilocybin and psilocin are also derived.

　The figure below (Fig.1) is based on a report by Guzman et al.
(1998)3) and shows a distribution map of psychoactive mush-

rooms habitants. Psychoactive mushrooms are distributed nearly

worldwide, with reports published in Canada, the U.S. (particularly

the Northwest and Northeast), Mexico, South America, Europe,

India, Japan, New Guinea, and Australia (particularly the east-

ern part). Indigenous peoples in these regions are said to have

traditionally used psychoactive mushrooms.

Japanese psychoactive mushrooms
　Numerous psychoactive mushrooms that inhabit Japan, includ-

ing the 30 species listed below (Table 1), and this number is

projected to increase further as research advances. In addition,

P. cubensis, whose culture kits have widely been distributed, was
confirmed to grow wild in Japan4). There is concern that the preva-

lence of ready-to-culture, exotic species of psychoactive mush-

rooms will affect the ecological status of indigenous species in

Japan.

Table 1 Species of Japanese psychoactive mushrooms
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　Most psychoactive mushrooms that have been non-purposely

ingested in Japan are A. pantherina and Psilocybe argentipes19).
However, the number of mushroom poisonings due to uninten-

tional ingestion is relatively small compared with the total num-

ber of mushroom poisonings in Japan, with no confirmed cases

of death11,20).

　Musha et al.(1986)21), (1988)22) reported detailed records of
poisoning by P. argentipes which inhabit only in Japan, and clas-
sified the symptoms into the following three groups: physical

symptoms alone, alterations mainly in visual sensation, and men-

tal alterations. The physical symptoms observed include a feel-

ing of drunkenness, heat and cold sensations, numbness, weak-

ness, the feeling of floating, headache, and sleepiness. These are

basic symptoms that appear regardless of dose. In addition, physi-

cal symptoms are often short-lived and mild. Observed alter-

ations in visual sensation included oscillating vision, colored

vision, changes in the perception of light intensity, and photoma.

Changes in other senses, including auditory hallucination, were

also reported. Mental symptoms, which indicate mental alter-

ations, are roughly divided into the following two groups: a

dreamy state and stupor without mental excitation, and confusion

with mental excitation. These symptoms resemble poisoning

symptoms caused by psychoactive mushrooms reported overseas.

History of psychoactive mushrooms usage
　Humans have used psychoactive mushrooms, which cause

changes in visual sensation, hallucination and mental alterations,

for religious, medical and recreational purposes.

Pre-modern age
　Because the relationship between psychoactive mushrooms

and humankind is extremely old, records showing the relation-

ship date back to so-called remains. The oldest record is believed

to be wall paintings discovered in Tassili, located in the Sahara

desert in the southern part of Algeria. Many of these are be-

lieved to be related to psychoactive mushrooms, among them a

symbolic painting drawn around 3500 B.C. showing a shaman

dancing with a mushroom in his hands. The mushroom and the

head of the shaman, who is wearing mushroom-shaped hat, are

connected with a broken line, suggesting a mental linkage. This

painting is believed to show a psychoactive mushrooms being

used in a religious rite23).

　In the Scandinavian Peninsula in northern Europe, numerous

pieces of bronzeware and wall paintings with a mushroom mo-

tif, believed to have been created during the Bronze Age (3000

B.C. to 500 A.D), have been found. Based on a tradition of use

in Scandinavia, morphological similarity and the abundance of

mycorrhiza-forming white birch and pine trees, Kaplan (1975)24)

proposed that the mushrooms depicted was A. muscaria, a psy-

choactive mushrooms.

　Numerous Mayan artifacts known as“mushroom stones”

have been discovered throughout modern Guatemala in Central

and South America. These stones are mushroom-shaped icons

approximately 30 cm high, with human and animal carvings in

the grip, and are thought to date to the Pre-classic Period of Mayan

civilization (500-200 B.C). Although there is a theory that these

stones represent not mushrooms but the penis, the Mayan civili-

zation is known to have considered psychoactive mushrooms

sacred and an object of religious veneration25,26).

　Along with the Aztec civilization, the Mayans used psycho-

active mushrooms mainly for religious rites, and some regions

still retain these traditions. The Spanish conquistadors destroyed

most artifacts from these civilizations, leaving little information

on how mushrooms were used; however, two Spanish sources

from this period have survived. The first, Fray Bernardino de

Sahagun, was a Franciscan monk who worked as a missionary

in Mexico for more than 60 years between 1529 and 159027,28).

While converting the local indigenous population, he began re-

cording in detail the religion, history and culture of Aztec soci-

ety, and their surrounding environment. Sahagun's“Historai de
las Cosas de Nueva Espana”eventually spanned 12 volumes,
half of which were written in the indigenous Nahuatl language

using the Latin alphabet. The book is an excellent record of the

indigenous culture during the mid-1550s, and Sahagun left de-

tailed descriptions of psychoactive mushrooms called teonanacatl,
which means“god's flesh”in the Aztec language. According

to Sahagun, teonanacatl was used mainly for rites, was harm-
less, and induced a feeling of drunkenness similar to that caused

by wine. When ingested in large doses, it caused varied visual

hallucinations and mental alterations.

　The second record is attributed to Francisco Hernandez, a court

physician for Phillip II, King of Spain, who was dispatched to

Mexico in 1570 to conduct a botanical survey; he also studied

the herbal treatments practiced by the indigenous peoples in

Central America27,28). Hernandez was able to identify more than

3,000 plants unknown to Europe, and produced a 16-volume

manuscript comprising 893 pages of description and 2071 pages

of drawings before returning to Spain in 1577. However, this

monograph was not made available to the public until its first

publication in Mexico in 1615, after Hernandez's death, and was

not published in Europe until 1651. In“Nova plantarum historia
Mexicana”, Hernandez described three psychoactive mush-
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rooms considered sacred by the indigenous people of Mexico.

According to his descriptions, the first mushroom caused un-

controllable laughter, while the second caused varied visual hal-

lucinations, such as visions of warriors and devils. These two

mushrooms were deep yellow and had a bitter taste. The third

mushroom was difficult to obtain and thus very valuable, and

was used for rites and pre-ritual preparations. When ingested, it

was said to cause either wonderful or dire hallucinations through-

out the night, depending on the mental condition of the person

who took it. The third mushroom was described as yellowish

brown, with a bitter taste. According to Hernandez, none of the

three mushrooms was lethal. Hernandez's descriptions are sig-

nificant in that they provide evidence that a number of psycho-

active mushrooms were used in Mesoamerica. Although samples

of these mushrooms were brought back to Spain, the psychoac-

tive substances, which are unstable, apparently lost their activity

during transport, and their presence was reputedly ignored upon

arrival in Europe.

　Berlant (2005)29) proposed a theory that psychoactive mush-

rooms were associated with the Egyptian civilization; because

of many psychoactive mushrooms-shaped remains and inscrip-

tions in a tomb of Pharaoh. The Aryans, who invaded India at

around 2000 B.C., were described using a psychoactive drink

called“soma”to raise morale for religious rites and combat.

Wasson et al. theorized that soma was actually A. muscaria30).
Wohlberg (1990)31) proposed that soma was eventually brought

to ancient Greece. Wasson also suggested that psychoactive

mushrooms were used in the“Eleusinian Mysteries”, a secret

ceremony practiced in Greece around 1400-1100 B.C. which later

developed into a prototype for esoteric religions32). Hajicek-

Dobberstein (1995)33) postulated that psychoactive mushrooms

may have been used to attain spiritual enlightenment for early

Buddhism; because some contents of Buddhist manuscripts from

the second to ninth centuries.

　However, due to the age of these religions, information about

the real origin of their rites are rarely shared with outsiders. Thus,

many of these theories on relationships between the ancient reli-

gions and psychoactive mushrooms are based primarily on con-

jecture.

　A.muscaria has been used worldwide as a psychoactive agent.
Wasson (1979)34) reported that the Objway and Algonkin tribes,

indigenous North American tribes, have and continue to use

psychoactive mushrooms, including A. muscaria, traditionally
known as“Miskwedo”. Wasson was given permission by Keeway-

dinoquay, the leader of the Objway tribe, to participate in a rite

using Miskwedo and listen to folklore passed down through gen-

erations by oral recitation35). Dunn (1973)36) and Saar (1991)37)

described the traditional use of A. muscaria in Siberia and North-
east Asia, while Harkonen (1997)38) reported the use of psycho-

active mushrooms, mainly A. muscaria, for religious and medi-
cal purposes by Karelians in Finland, which is still practiced in

some regions of the country.

　Psychoactive mushrooms were used for a wide range of rites.

Mushrooms were said to be used by shamans of Ugrian and Saami

to reach a transcendental state in which they communicated with

the spirits and gods, received divine messages, told fortunes, and

searched for the souls of the diseased39).

Modern age
　While psychoactive mushrooms were long considered mythic

in the modern age, several scholars began to study them in the

early 1900s. In 1914, A.E. Merrill of Yale University published

a detailed report of poisoning due to accidental ingestion of P.
papilionaceus in Science23). A year later, W.E. Safford, an Ameri-
can botanist, attempted to identify teonanacatl, the psychoactive
mushrooms traditionally used in religious rites in Mexico; he

eventually concluded that no such mushrooms existed23,40). Many

scholars accepted Safford's assertion, which remained an estab-

lished theory for nearly 30 years, until R.G. Wasson provided

conclusive evidence for the existence of teonanacatl.
　In 1919, B.P. Reko published the results of a 25-year-long

anthropological and botanical study of Mexico in which he de-

scribed psychoactive mushrooms, including teonanacatl 23,28,41).
However, because of an error in an early part of the research, the

report was considered invalid; Reko then submitted another re-

port to the U.S. National Museum of Natural History in 1923

asserting that teonanacatl, as described by Sahagun, did in fact
exist, and was still used under the same name by indigenous

people in the Juarez tableland of Estado de Oaxaca, Mexico23).

In 1936, the Australian anthropologist J. Weitlaner obtained

teonanacatl in Estado de Oaxaca and sent it Reko, who in turn
sent it to Harvard University. However, the university was unable

to confirm the sample because it had not been kept in good

condition23,40). That same year, V.A. Reko, brother of B.P. Reko,

published“Magische Gifte”. This book, which describes Mexi-

can psychoactive plants, including teonanacatl, had a great in-
fluence on the academic community42); however, in the publica-

tion, V.A. Reko wrongly deduced that teonanacatl belonged to
the genus Amanita.
　I. Weitlaner et al. described participating in a rite in which
psychoactive mushrooms was used in Huautla de Jimenez, Estado

de Oaxaca, in 1938. Other anthropologists, such as J.B. Johnson,



炎症・再生　Vol.23 No.1 200352 Review Article　Historical overview of psychoactive mushrooms

also attended, making this the first documented case of partici-

pation in a rite involving a psychoactive mushrooms in the mod-

ern age23,40).  In that same year, A. Hofmann, a chemist at Sandoz,

a pharmaceutical firm based in Basel, Switzerland, synthesized

LSD-25 (Lyserg-Saure-Diathylamid) from lysergic acid, which

is produced by the parasitizing rye Claviceps purpurea. How-
ever, because of animal experiments showed no marked action,

LSD-25 was not taken up as a research subject for five years

thereafter. In addition, R.E. Schultes, a botanist at Harvard Uni-

versity, obtained specimens of two psychoactive mushrooms in

Estado de Oaxaca in 1938, confirmed that teonanacatl was a psy-
choactive mushrooms and was still used in rites, and brought the

mushrooms back to Cambridge23,27,40). His field notes contained

a description of Psilocybe caerulescens var. Mazatecorum Heim,
which was later identified by R. Heim, a French mycologist. D.

Linder, a Harvard mycologist, identified the two specimens

Schultes brought back as Panaeolus campanulatus L Var.
sphinctrinus and Stropharia cubensis40).
　Wasson, a physician, visited Mexico to confirm the religious

use of mushrooms in 1953 and were guided to Huautla de Jimenez

by Weitlaner43). Two years later, Wasson, joined by photogra-

pher A. Richardson, participated in a rite involving psychoac-

tive mushrooms, which was subsequently described in an article

eventually published in many well known magazines, including

the popular American weekly Life. In the article, Wasson wrote
that his fantastic experience of psychoactive mushrooms inges-

tion. The article elicited such a substantial response that psycho-

active mushrooms gained worldwide recognition in only a few

years. Wasson then invited R. Heim, a French mycologist, to

Estado de Oaxaca, and asked him to survey the psychoactive

mushrooms used in rites. Heim identified 14 genera, including

Psilocybe, Stropharia and Conocybe, and a several subspecies,
some of which were new fungal species28). Heim sent these fun-

gal species to Hofmann in 1958. Hofmann isolated two active

psychoactive substances from the Psilocybe genus, which he iden-
tified and named psilocybin and psilocin27,28), and Sandoz,

Hofmann's firm, started selling them as commercial products23).

　The psychoactive mushrooms discovered by Wasson soon

became known worldwide as“magic mushrooms”. Wasson also

indexed ethnic mycological research papers to show that psy-

choactive mushrooms were used in various regions of the world44).

“Hippies”, individuals who denied conventional values and

aimed to return to nature, used magic mushrooms for their psy-

chotropic actions. However, because magic mushrooms were

used as a narcotic, the public demanded their regulation. In 1966,

the U.S. enacted a law prohibiting the production, trade or in-

gestion of hallucinogens such as mescaline and psilocybin, which

were then traded underground27). Sandoz ceased the production

and sale of LSD-25 and psilocybin in the same year23). Since

then, psilocybin, psilocin and psychoactive mushrooms have in-

creased in value as natural hallucinogens. However, malicious

intentions, in which LSD was sold as psilocybin or psilocin or

mixtures of LSD and a non-psychoactive mushrooms were sold,

was in place for nearly a decade. L. Eneos published“A Key to

the North American Psilocybin Mushroom”in 1970, which de-

scribed sites and methods for amateurs to collect natural psy-

choactive mushrooms in detail and explained how to culture

mycelia to mushrooms on agar media. Terence and Dennis

McKenna discovered a new and efficient method for the private,

home-based cultivation of Psilocybe cubensis, and published
“Psilocybin: Magic Mushroom Growers Guide”in 1975 under

the pseudonyms O.T. Oss and O.N. Oeric23). The guide sold very

well, and was followed by similar publications that spread the

home culture of psychoactive mushrooms worldwide in a short

time. Today, law regulates psychoactive mushrooms in many

countries; however a lot of adverse opinions following almost

no dependent and less toxic.

Psychoactive mushrooms in Japan
　Although psychoactive mushrooms have been used for reli-

gious and medical purposes worldwide since pre-history, there

is no historical record of intentional use in Japan. The oldest

record of poisoning by psychoactive mushrooms is reputedly

“a story of nuns who climbed a mountain, ate a mushrooms, and

danced”in“Konjaku Monogatari Shuu”, a collection of stories

compiled at the end of the Heian period in the 12th century. How-

ever, the collection contains no descriptions of hallucination22).

Nonetheless, psychoactive mushrooms themselves were known

to exist since ancient times, known as Odoritake (dance-inducing

mushroom), Maitake (dance-inducing mushroom), or Waraitake

(laugh-inducing mushroom). The name Maitake is the same as

that for the edible maitake mushroom: It is said that joy of find-

ing delicious mushrooms induced dance. Taxonomical differ-

ences between Maitake and the edible maitake were unclear for

a long time.

　The widespread use of the Internet facilitated the availability

of culture kits for psychoactive mushrooms, rapidly spreading

the recreational use of psychoactive mushrooms, since the end

of the 1990s. The National Institute of Health Sciences reported

that two mushroom species from culture kits sold in Europe,

Psilocybe cubensis and Psilocybe cyanescens, comprised about
90% of all psychoactive mushrooms distributed for intentional

‥ ‥
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ingestion in Japan22). This fact shows that many psychoactive

mushrooms used in Japan are cultured from kits imported from

overseas. The number of inquiries to the Japan Poison Informa-

tion Center received was one in 1997, but sharply increased to

10 in 1998, 19 in 1999, 32 in 2000, and 55 in 200145,46). In addi-

tion, the danger of psychoactive mushrooms was illustrated by

cases of users jumping out of windows, resulting in severe in-

jury, or abusing psychoactive mushrooms as an illicit drug. These

incidents were taken into consideration in the revision of the

Japanese“Law for the Control of Narcotic Drugs, Psychotropic

Substances, and their Raw Materials”in June 200247). The re-

vised law regulates psilocybin, psilocin and the mushrooms from

which they are produced and prohibits their culture, possession,

trade, and ingestion. The number of inquiries received by the

Japan Poison Information Center before the law was enacted in

2000 was 33, which sharply decreased to three after the law was

enacted in the same year, and further decreased to two the fol-

lowing year. It seems that psychoactive mushrooms use in Japan

is currently very low.

Previous studies on psychoactive mush-
rooms
　Studies on psychoactive mushrooms have been mainly taxo-

nomical verifications, surveys and analyses of their narcotic use,

extraction and analyses of their psychoactive components, and

historical verifications. In a previous survey and analysis of their

narcotic use, psychoactive mushrooms were mainly identified

by morphology48). In recent years, however, the original species

of the psychoactive mushrooms have been classified by base

sequence analysis, which improves precision and widens appli-

cability45,49). Effect of psychoactive mushrooms to brain center

nervous system have not studied much. Future studies examining

the effect of psychoactive mushrooms on the cerebral nervous

system are required.

Mycelium characteristics and cultivation
　With regard to mycelium characteristics, psychoactive mush-

rooms, which are not expected to be edible, have not been stud-

ied as much as other mushrooms. Singer et al.(1958)50) showed
that P. cubensis had an optimum temperature of 30℃ and died
at 40℃, and both Psilocybe mexicana Heim and Psilocybe
caerulescens var mazatecorum had an optimum temperature of
27℃ and died at 35℃. Concerning the effects of carbon and

nitrogen sources as required nutrients for mycelia, Leung et al.
(1969)51) reported that Psilocybe baeocystis showed no mycelial
growth at all on a medium with lactose as the carbon source and

inhibited mycelial growth on a sucrose and galactose medium.

Leung et al. also reported that a medium with glucose and an-
other medium with trehalose both supported good mycelial

growth, with the latter producing more psilocybin. The addition

of tryptophane, a psilocybin precursor, did not change the pro-

duction amount of psilocybin or its analogues. Regarding the

effect of plant hormones on mycelia, Gartz et al.(1990)52) re-
ported that the addition of brassinosteroid, a plant growth pro-

moter, markedly increased the speed and tended to increase the

frequency of the fruiting body development of P. cubensis.
　Past studies clearly showed that psychoactive mushrooms form

fruiting bodies mainly on a medium with cereal, straw, feces, or

manure. High relative humidity around 95% and good aeration

are also considered necessary. According to Badham (1980)53),

light irradiation was essential for fruiting body development, with

visible light in the short wave region being particularly effec-

tive. Soil covering has also been shown to be a good stimulus for

fruiting body development.

　Kitamoto et al.(1975)54), (1980)55) studied nutritional require-
ments for the fruiting body development of Psilocybe panaeoli-
formis. According to their results, the optimal range for the fruit-
ing body development was narrow; deficiency or excess of nu-

trients resulted in malformed fruiting bodies. Glucose, trehalose

and fructose were found to be good carbon sources for fruiting

body formation, while glycerin, xylose and sucrose increased

the frequency of fruiting body malformation, and thiamin was

clarified to be essential. Optimal addition levels of major nutri-

ents were found to be as follows: glucose, 1-2%; casamino acid,

0.032%; KH2PO4, 0.03%; MgSO4・7H2O, 0.01%; and CaCl2・

2H2O, 0.01%.

Extraction and analysis
　Over the nearly 40 years since the discovery of psilocybin

and psilocin, numerous studies have investigated methods and

conditions for extracting psychoactive components. Hofmann,

who discovered psilocybin, found that both psilocybin and psilo-

cin are soluble in methanol and aqueous ethanol solutions but

insoluble in chloroform and petroleum28). Because Hofmann used

mainly 100% methanol as an extraction solvent, most studies

that followed adopted the same extraction method.

　Wurst et al.(1992)56) made the first significant discovery in
research on extraction solvent, in which they showed that the

largest yield of psilocybin was obtained with an aqueous 75%

methanol solution saturated with potassium nitrate, and the larg-

est yield of psilocin was obtained with an aqueous 75% ethanol

solution. These data were significant in that optimal conditions
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for extraction differed between psilocybin and psilocin. Gartz

(1994)57) also showed that amounts psilocybin and baeocystin

by 100% methanol extraction lager than mixture of water and

methanol; while amounts psilocin were lager by mixture of water

and methanol. Based on these studies, Gartz showed that 100%

methanol was the method of choice for measuring real contents

of indole derivatives in mushrooms; heating an experimental

condition, was responsible for the dephosphorylation of psilo-

cybin to psilocin.

　Jensen et al. recently (2006)58) isolated aeruginascin (4-
phosphoryloxy-N,N,N-trimethyltryptamine), a new hallucino-
genic substance, from the mushroom Inocybe aeruginascens
Babos, and identified its structure. They found that aeruginascin

is similar in structure to bufotenidine, which is produced by frogs,

and acts as an agonist on 5-HT3 receptor. This discovery indi-

cates possible new applications of hallucinogenic mushrooms.

Psilocybin and psilocin
　Hofmann isolated and identified psilocybin (4-phosphoryloxy-

N,N-dimethyltryptamine) and psilocin (4-hydroxy-N,N-
dimethyltryptamine) in 1958, which are the most important hal-

lucinogens that mushrooms produce (Table 2)27,28). The struc-

tural similarity of psilocybin and psilocin to serotonin (5-hydro-

xytryptamine), a neurotransmitter also derived from tryptophane,

is believed to be the cause for their action on the serotonin re-

ceptor in the brain and for hallucination.

　Animal experiments showed that 50% of ingested psilocybin

was absorbed by the stomach and intestine, 65% of the absorbed

psilocybin was excreted into urine within 24 hours, and 15-20%

of the absorbed psilocybin was excreted into bile and feces within

24 hours59). In addition, the majority of psilocybin remaining in

the body was excreted within eight hours; and a small amount of

psilocybin remaining in the body was excreted into urine in about

seven days. Malitz et al.(1960)60) confirmed that a dose-depen-
dent administration of psilocybin to a human expressed physical

symptoms at a dose equal to or more than 14 mg and visual hal-

lucination at a dose greater than or equal to 30 mg. They also

reported that the effects were reported within 30-60 minutes of

administration and peaked within 90-150 minutes, with a large

variance among individuals. In Japan, Miyoshi (1964)61) admin-

istered psilocybin to humans to compare its psychological and

physical effects with those of LSD-25 and reported that their

effects were very similar62). LSD-25 is often used as a control, as

it has a structure similar to serotonin as psilocybin and psilocin.

Review Article　Historical overview of psychoactive mushrooms

Table 2 Chemical structures of psychoactive agents
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Cross tolerance due to structural similarity has also been found

between LSD-25 and psilocybin and psilocin. In addition, it was

suggested that psilocin is the substance that actually causes hal-

lucination, because psilocybin was rapidly dephosphorylated to

psilocin by alkaline phosphatase in the body59,63,64). However, the

subsequent metabolic pathway has not been elucidated.

　Advanced techniques for the synthesis of serotonin receptor

ligands and for molecular biological research are enabling the

elucidation of the action mechanism of psilocybin and psilocy-

bin. McKenna et al.(1990)65) used a radioactive ligand for a com-
petition test to show that psilocin strongly binds to 5-HT1A and

5-HT2A receptors. Buckholtz et al.(1990)66) administered psilo-
cybin to rats for eight days to run a competition test using a ra-

dioactive ligand and reported that the amount of 5-HT2A recep-

tor decreased. These experiments showed that indoleamines, such

as psilocybin, psilocin and LSD-25, act as agonists mainly on 5-

HT2A receptor located among serotonin receptors to cause hallu-

cination.

　Vollenweider et al.(1998)67), (1999)68) reported that pretreat-
ment with ketanserin, an agonist to 5-HT2A receptor, suppressed

hallucination by psilocybin. However, because haloperidol, an

antagonist to dopamine-D2 receptor, also suppressed hallucina-

tion by psilocybin, they considered that the involvement of a

secondary dopamine receptor was indicated in hallucination by

psilocybin.

Psilocybin and psilocin as therapeutic
agents
　Hallucinogens, such as psilocybin and psilocin, have been used

for medical purposes since ancient times. However, there have

also been reports of hallucinogen-induced illnesses. Fanciullacci

et al.(1974)69) reported that psilocybin and LSD-25 stimulated
intracerebral receptors to induce headache. When hallucinogens

were first discovered, many studies were conducted with the

hypothesis that“mental illness is caused by conflicts in the mind,

which are clarified under the influence of a hallucinogen”70). In

addition, therapeutic studies focused on the use of hallucinogens

to acquire new values and recover suppressed memories for the

treatment of alcoholism, antisocial conditions, depression, schizo-

phrenia, autism, and obsessive-compulsive disorder71).

　Experimental study led T. Leary, a Harvard psychologist, to

consider using psilocybin and psilocin for psychotherapeutic

treatment at Concord Prison in Massachusetts, U.S. The experi-

ment involved the administration of psilocybin and psilocin to

habitual criminal offenders as psychotherapy, followed by a sur-

vey of the ratio of repeated offenses of these subjects after re-

lease on parole. Although the recidivism rate initially dropped

substantially, the duration of this effect was unclear72).

　In recent years, psilocybin and psilocin were found to be highly

effective for treating obsessive-compulsive disorder (OCD), an

intractable mental illness73). The clinical symptoms of OCD are

“compulsive ideas”, acute anxiety and distress resulting from

repeated and sustained thinking, and“compulsive acts”, repeti-

tive actions prompted to alleviate anxiety and distress. Patients

with severe OCD symptoms are also known to face difficulty in

living an ordinary life. Serotonin reuptake inhibitors (SRI) and

selective serotonin reuptake inhibitors (SSRI), which are drugs

for depression, are currently the primary treatment for OCD;

however, the effect is not satisfactory for many patients.

　Brandrup et al.(1977)74) first reported a case of OCD treatment
with LSD-25. In recent years, Leonard et al.(1987)75) and Moreno
et al.(1997)1) also reported similar cases, which showed the effect
of hallucinogens on OCD. In the case of Leonard et al., the sub-
ject was a 17-year-old Caucasian man who suffered OCD since

the age of eight. The patient suffered OCD symptoms aggravated

by cocaine and amphetamine. However, such hallucinogens as

psychoactive mushrooms and mescaline alleviated OCD symp-

toms more than other drugs did. Moreno et al. reported a case of

a 34-year-old Caucasian man who developed OCD at the age of

six. The patient took psychoactive mushrooms containing psilo-

cybin and its analogues for the first time at the age of 20 and

found that the mushrooms alleviated his OCD symptoms. He

continued to use psilocybin for nearly four years thereafter. The

patient developed tolerance to hallucination during this period,

but the mitigating effect of psilocybin on his OCD symptoms

did not lessen.

　Based on these case studies, hallucinogens showing treatment

effects on OCD symptoms were reported to possess a common

agonist action on 5-HT2A and 5-HT2C receptors.

　After considering case reports on the treatment effects of hal-

lucinogens on OCD, several U.S. hospitals, with permission from

the U.S. Food and Drug Administration (FDA) began clinical tests

on psilocybin in 200573). Ichimaru et al.(1995)77) and Matsushita
et al.(2005)78) also reported results of animal experiments in which
agonistic action on 5-HT1A receptor showed a suppressive effect

on an OCD model. Sard et al.(2005)73) also reported that agonistic
action on 5-HT2C receptor showed a suppressive effect.

Conclusion
　Psychoactive mushrooms characteristically produce substances

that influence the intracerebral nervous system, including psilo-

cybin and psilocin. In addition, humans have been using psy-
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choactive mushrooms since the age of the gods. These mush-

rooms, which are believed to be very safe and to incur no physi-

cal dependence, and which produce psilocybin and psilocin as

natural substances, are considered extremely promising for the

treatment of nervous disease, which require long-term treatment.

Most previous studies on psychoactive mushrooms have been

component analyses; however, as they are living organisms, such

mushrooms produce diverse substances whose actions are not

consistent. It is thus considered necessary to closely examine

psychoactive mushrooms themselves, instead of isolated sub-

stances, to elucidate their influence on the nervous system in

future studies.
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