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Preface

The Nordic Committee of Senior Officials for Food Issues is an advisory
body of the Nordic Council of Ministers which co-ordinates Nordic work
in the field of food and nutrition. The Nordic Working Group on Food
Toxicology and Risk Evaluation (NNT) was until 2006 given the responsi-
bility by the Committee to promote co-operation and co-ordination among
Nordic countries in matters relating to food toxicology and risk assessment.

Assessment of health risk connected with naturally occurring toxicants
in foodstuffs has become an important area for NNT. A series of Nordic
reports based on the work performed by the Nordic project group on inher-
ent natural toxicants in food plants and mushrooms has been published:

Gry, J. and Pilegaard, K. (1991) Hydrazines in the Cultivated Mushroom (Agari-
cus bisporus). Var Foda 43;Supplement 1

Uggla, A. and Busk, L. (1992) Ethyl carbamate (urethane) in alcoholic beverages
and foodstuffs - A Nordic View. Nordiske Seminar- og Arbejdsrapporter 1992:570.

Stermer, F.C., Reistad, R. and Alexander, J. (1993) Adverse health effects of gly-
cyrrhizic acid in licorice. A risk assessment. Nordiske Seminar- og Arbejdsrap-
porter 1993:526.

Andersson, C., Slanina, P. And Koponen, A. (1995) Hydrazones in the false mo-
rel. TemaNord 1995:561.

Sgborg, 1., Andersson, C. and Gry, J. (1996) Furocoumarins in Plant Food - exposure,
biological properties, risk assessment and recommendations. TemaNord 1996:600.

Gry, J. and Andersson, H.C. (1998) Nordic seminar on phenylhydrazines in the
Cultivated Mushroom (Agaricus bisporus). TemaNord 1998:539.

Andersson, H.C. (2002) Calystegine alkaloids in Solanaceous food plants. Te-
maNord 2002:513.

Andersson, C., Wennstrom, P. and Gry, J. (2003) Nicotine in Solanaceous food
plants. TemaNord 2003:531.

Andersson, H.C. and Gry, J. (2004) Phenylhydrazines in the cultivated mushroom
(Agaricus bisporus) — occurrence, biological properties, risk assessment and rec-
ommendations. TemaNord 2004:558.

Gry, J., Sgborg, I. and Andersson, H:C: (2006) Cucurbitacins in plant food. Te-
maNord 2006:556.

Beckman Sundh, U., Rosén, J. and Andersson, H.C. (2007) Analysis, occurrence,
and toxicity of B-methylaminoalanine (BMAA). TemaNord 2007:561.

Pilegaard, K. and Gry, J. (2008) Alkaloids in edible lupin seeds. A toxicological
review and recommendations. TemaNord 2008 (in press)
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Mushrooms containing psilocybin and related hallucinogenic compounds
have been used in the Nordic countries for recreational purposes since the
1970°s. During the last decade Internet has given both an easy assess to
information about hallucinogenic mushrooms and possibilities to pur-
chase mushroom products. At the end of the 1990’s the number of phone
calls to National Poison Information centres and the number of epicrises
from hospitals related to hallucinogenic mushrooms increased signifi-
cantly. It was decided to initiate a risk assessment of hallucinogenic
mushrooms as at the time mushrooms of this type were defined as food in
some Nordic countries. As subsequently national legislations have been
introduced, defining hallucinogenic mushrooms as illegal products, it was
decided to instead review the ‘Occurrence and use of hallucinogenic
mushrooms’.

The literature reviewed in this report has been found in searches on
Medline, Toxline and FSTA (- August 2007), and not least in the refer-
ence lists of the publications found in the searches.

The Nordic Project Group on Natural Toxins consisting of members of
the NNT has reviewed and accepted the present document in January 2008.

The Project Group consisted of the following members:

Jorn Gry (co-ordinator)  Fgdevareinstituttet. Danmarks Tekniske Universitet,

Denmark

Christer Andersson National Food Administration, Sweden

Jan Alexander National Institute of Public Health, Norway

Anja Hallikainen EVIRA, Finland

Jakob Kristinsson Department of Pharmacology University of Iceland,
Iceland

The Project Group and NNT like to acknowledge the contribution of
Henning Knudsen, Natural History Museum of Denmark, University of
Copenhagen, for the momenclature of psilocybin/psilocin-containing
mushrooms growing in the Nordic countries.



Summary

From having been used in ritual religious ceremonies over thousands of
years, hallucinogenic mushrooms started to be used as a recreational drug
late in the 1960°s. Which the hallucinogenic mushrooms used in religious
ceremonies by Indian tribes in Mexico were, became known from ethono-
mycological investigations in the 1930s and 1940s, but the first list of
hallucinogenic mushrooms of Mexico was not published until 1961. At
that time, chemists working for the Swiss pharmaceutical company San-
doz had already identified the compound in the mushroom responsible for
the effect. It was a phosphorylated alkaloid, given the name psilocybin (a
phosphoric acid ester of 4-dihydroxymethyltryptamine) after the mush-
room species from which it was originally isolated, Psilocybe mexicana.
Subsequent studies showed that the real hallucinogenic compound is psi-
locin, which is formed from psilocybin by dephosphorylation. The
dephosphorylation can take place in the mushroom after harvest or when
damaged, or in the body of the consumer.

Myecological investigations have identified a large number of mush-
rooms able to produce psilocybin. The compound has been chemically
identified in about 90 different mushrooms belonging to the genera Agro-
cybe, Conocybe, Copelandia*, Gymnopilus*, Hypholoma, Inocybe, (Pan-
aeolina), Panaeolus*, Pluteus, Psathyrella*, Psilocybe, and Stropharia
(*most species do not contain psilocybin/psilocin). In addition, several
other species have been reported to be hallucinogenic. The studies on the
mushroom chemistry has also identified that psilocybin/psilocin is not the
only hallucinogenic compound of this type in the mushrooms. Three
other phosphoric acid ester of 4-hydroxytryptamine with one, zero or
three methyl groups on the tryptamine side chain — baeocystin, nor-
baeocystin, and aeruginascin — also have hallucinogenic properties. How-
ever, these compounds occur at lower levels and in a much more limited
set of mushroom species.

Critical steps in the chemical analysis of psilocybin and related sub-
stances in mushrooms are the method of extraction, the chromatographic
method used to separate compounds, and the method used to identifying
the hallucinogens. GC-MS and LC-MS are common methods used in
human biological samples to identify psilocybin/psilocin.

The chemical analysis of hallucinogenic mushrooms has identified
modest levels in the mycelium, and higher levels in the fruit bodies. In
the latter, caps contain higher amounts than the stalk. No correlation be-
tween psilocybin level and size of fruit bodies has been found.
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Species with high psilocybin/psilocin content include Agrocybe prae-
cox (Pers.) Fayod., Copelandia cambodginiensis (Ola’h et Heim) Singer
and Weeks, Inocybe aeruginascens Babos, Panaeolus cyanescens (Berk.
& Br.) Sacc., Panaelous subbalteatus (Berk. & Br.) Sacc., Pluteus
salicinus (Pers. Ex Fr.) Kummer, Psilocybe arcana Bor et Hlav., Psilo-
cybe azurescens Stamets and Gartz, Psilocybe baeocystis Singer and
Smith, Psilocybe bohemica Sebek, Psilocybe cubensis (Earle) Singer,
Psilocybe cyanescens Wakefield, Psilocybe liniformans Guzman & Bas
var. americana Guzman & Stamets, Psilocybe pelliculosa (Smith) Singer
and Smith, Psilocybe samuiensis Guzman, Bandala and Allen, Psilocybe
semilanceata (Fr.) Kummer, Psilocybe semperviva Heim and Cailleux,
and Psilocybe subcubensis Guzman. The highest levels, more than 15 000
mg/kg dry weight, have been identified in Pluteus salicinus (Pers. Ex Fr.)
Kummer, Psilocybe cyanescens Wakefield, and Psilocybe semilanceata
(Fr. Ex Secr.) Kummer.

Baeocystin is found only in some of the species synthesizing psilocy-
bin, usually at levels bellow 1000 mg/kg dry weight. High levels, up to
more than 5000 mg/kg dry weight have been found in Inocybe aerugi-
nascens Babos. The same species contains up to 3 500 mg/kg dry weight
aeruginascin.

Of the about 90 psilocybin and/or psilocin-containing mushrooms
identifyied, about 30 have been found in the Nordic countries. Among
these are 6 Psilocybe species, 6 Panaeolus species, 3 Gymnopilus species,
2 Conocybe species, 2 Inocybe species, 2 Pluteus species and one
Psathyrella species. Many of them are rare but some can be found in
considerable quantities.

Collecting hallucinogenic mushrooms requires substantial mycologi-
cal knowledge as there are many look-a-likes. Some of these look-a-likes
are toxic. Only experienced mushroom pickers should therefore collect
these types of mushrooms. An alternative way to get hands on hallucino-
genic mushrooms is to cultivate them at home or buy samples over inter-
net. Most of the latter types of mushroom are dried. Being hard to chew,
dried mushrooms are frequently prepared in a drink, eg. tea, coffee or
Coca Cola. Another way of using dried hallucinogenic mushrooms is to
smoke them like a cigarette. As psilocybin may be extracted by heating,
but is not degraded, the total amount of psilocybin in the cooking water
and in the mushroom corresponds to the level in the mushroom before
household processing.

Hallucinogenic mushrooms are most frequently used by young people,
mainly men, and particularly users of other drugs. However, such use of
mushrooms is infrequent. In the Nordic countries, use of hallucinogenic
mushrooms has mainly been studied in Denmark. Three percent of high-
school students had used psilocybin-containing mushrooms (1% had tried
LSD) in a recreational atmosphere, whereas the corresponding figure in
university students and pupils at a school for journalists was nine percent.



Occurrence and use of psilocybin-containing hallucinogenic mushrooms 11

This suggests that mushrooms are the most commonly used hallucino-
genic substance in Denmark.

Although it has been difficult to demonstrate toxic effects of hallu-
cinogenic mushroom use, it is well established that such use can induce
uncontrolled action in the user. In rare cases, when the intake of such
mushrooms has been substantial, flash-backs of adverse experiences have
been reported. For these reasons, and perhaps due to the fact that the use
of hallucinogenic mushrooms is not uncommon in users of other drugs,
many countries, including the Nordic countries, have wished to restrict
the use of these mushrooms.






1. Background

1.1 A historical perspective

It is no longer possible to view mankind’s contacts with mushrooms
solely in terms of food gathering and food production. Historical texts,
anthropological literature, and present day drug culture shows that mush-
rooms have been used, and still are used to allow the human mind to tran-
sit natural borders. This is discussed by Stamets (1978) in the book “Psi-
locybe Mushrooms and their Allies”, where he splits the history of the
hallucinogenic fungi into four periods of time. The first phase, constitut-
ing the historic era, corresponds the period when hallucinogenic mush-
rooms were used in traditional and cultural settings by various popula-
tions around the world - most notably the indigenous tribes in Mexico.
The second phase was a time of confusion, before the mushrooms men-
tioned in the early texts were identified. This period lasted from the early
1900s to the 1950s. The third phase consisted of mycological and ethno-
mycological expeditions proposing to taxonomically identify the hallu-
cinogenic mushrooms and to become acquainted with the indigenous
groups who used them. Also the elucidation of the chemistry of the active
compounds and their role in medicine belongs to this period, which there-
fore makes this period the gold era of hallucinogenic mushroom research.
Finally, the last phase, still ongoing, is characterised by making use of the
mushrooms in recreational settings.

Botanical and anthropological literature contains many references to
mushrooms, which have been employed to link the earthly life to the
divine state by some of the Indian tribes of Mexico in ritual ceremonies.
The Aztecs and the Chichimecas were the earliest recorded users of such
mushrooms, which they called ‘teonanacatl’. This Middle American cult
of divine mushrooms can be traced back to about B.C. 1500 (Wasson,
1961), but is first mentioned in Andrés de Olmos' work "Antigliedades
Mexicanas" from 1453. The Spaniards returning from Mexico after the
conquest during the early part of the 16th century, described the effect of
using ‘teonanacatl’, and spread the knowledge about the mushroom use in
sacred rituals. In most users the mushrooms gave rise to altered percep-
tion of time and space, and a sense of elation and joy or bliss, whereas
other users responded with anxiety and depression and even deep uncon-
sciousness (e.g. de Sahagun, 16th century). The effects described by the
Spanish conquerors are comparable to those experienced today after in-
take of lysergic acid dimethylamide, LSD (Subramanian, 1995).

It is possible that the mushroom-formed stones found in Guatemala,
and to some extent also in El Salvador and Mexico, have had a role in
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this type of ritual a long time ago. Some of these stones seems to have
been produced as early as 2 000 BC but the habit of forming stones to
mushrooms reached its zenith in Central America some time between 200
BC and 300 AD. Since miniature metates (grinding stones) have been
found in the vicinity of such mushroom stones, it has been suggested that
they have been used to crush and prepare mushrooms (Wasson, 1966).
For several centuries, however, the identity of ‘teonanacatl’ remained
obscure. Recurring references to it have mystified biological and anthro-
pological investigators, inasmuch as careful search had failed to reveal
any Mexican fungus possessing properties used to induce a narcosis. It
was suggested that the reports which associate ‘teonanacatl’ with a mush-
room are misleading or erroneous, although the sources from which they
come are in other respects dependable and credible (Schultes, 1939).

During the end of the 1930s and thel940s Dr Schultes of Harvard
University, USA, and colleagues began ethno-botanical investigations
among the Mazatec Indians of north-eastern Oaxaca and brought back
mushrooms claimed to be narcotic from Mexico to USA (Schultes, 1939).
This material stimulated the pioneering and exciting studies of Gordon
Wasson and his wife Valentina, mycologist Roger Heim of the Museum
Cryptogamie in Paris, and Dr. Albert Hofmann, biochemist with Sandoz
in Basel to focus their scientific studies on the ritual use, taxonomy and
chemistry of these mushrooms (Wasson, 1957; Hofmann et al., 1959).

In 1952 the Wasson couple learnt from the documents of Spanish con-
querors and priests that a 16th century mushroom cult had existed in
Mexico and spent several seasons there searching for surviving traces of
this cult. During these studies Gordon Wasson and one of his colleagues,
along with 18 Mayan Indians, in 1955 participated in a ritual ceremony in
Huautla de Jiménez in Mexico where the Mexican sacred mushroom,
‘teonanacatl’, was consumed. The ceremony was lead by a shaman.
Wasson received six pairs of mushrooms which he consumed and the
shaman kept 13 pairs for herself. After a while the lights were extin-
guished and about half an hour later Wasson and his colleague Richard-
son started having harmonious visions (vivid in colour) which became
quite intense late in the night and remained for around four hours. It is not
known whether this cult was a surviving relic from the mushroom cult
that occurred in Guatemala centuries ago.

It was early recognised that more than one mushroom species were
used in the rituals. The mushroom brought back to USA from Mexico by
Dr. Schultes (1939) and co-workers was identified as Panaeolus cam-
panulatus L. var. sphinctrinus (Fr.) Bresadola by Dr. David Linder, Har-
vard University. Subsequent studies of Roger Heim identified Wasson’s
collections of hallucinogenic mushrooms from Mexico as various species
belonging to the genus Psilocybe, e.g. Psilocybe mexicana. Later on also
other hallucinogenic mushrooms have been identified.
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In 1961 Gordon Wasson published the first list on the hallucinogenic
mushrooms of Mexico. The list appeared as an appendix to a lecture of
the Mycological Society of America, published in the Botanical Museum
Leaflets of the Harvard University, and was one of the earliest compre-
hensive catalogue of hallucinogenic mushrooms in the scientific litera-
ture. 1t was soon to be followed by similar types of information aimed for
the non-scientific audience. Magic mushroom is the most common term
applied to psychoactive fungi. It was invented by a Life magazine editor
in 1957.






2. ldentity, physical and chemical
properties

2.1 Identity

The original successful isolation and identification of hallucinogenic com-
pounds from Psilocybe mexicana became possible when large quantities of
fruit bodies, sclerotia and mycelium of the mushroom could be produced in
laboratory cultures (Heim and Hofmann, 19583, b). The dried fruit bodies,
sclerotia and mycelium of P. mexicana were in self-tests shown to possess
the same psychoactive activity as fresh fruit bodies.

The psychoactive principle of Psilocybe mexicana was isolated in
crystalline form in 1958 by Hofmann and co-workers, and identified as
the phosphoric acid ester of 4-hydroxy-dimethyltryptamine (Fig. 1a),
which was given the name psilocybin (Hofmann et al., 1958a, b: Heim et
al., 1958). It is the first natural phosphorylated indole-compound de-
tected. A second substance closely related to psilocybin but found only in
traces was isolated and identified in parallel with psilocybin (Hofmann et
al., 1956a). This compound was 4-hydroxy-dimethyltryptamine, which
was given the trivial name psilocin (Fig. 1b). Subsequently these com-
pounds were identified also in other mushroom species (see section 5.1.).

The structure of psilocybin was confirmed by total chemical synthesis
(Hofmann et al., 1958b). Using the oxalylchloride method (Speeter and
Anthony, 1954), 4-hydroxy-dimethyltryptamine was produced from 4-
benzyloxy-indole. The phenolic hydroxyl group of 4-hydroxy-
dimethyltryptamine was subsequently esterified with dibenzylphos-
phorylchloride, after which reductive debenzylation produced psilocybin
(Hofmann et al., 1958b, 1958c).

In 1968 Leung and Paul isolated two new compounds from methanol-
extracts of submerged cultures of Psilocybe baeocystis. The structures of
these compounds were determined as the monomethyl and demethyl ana-
logues of psilocybin by thin layer chromatography characteristics, colour
reactions, UV, IR, and mass spectral analysis (Leung and Paul, 1967,
1968). They were given the names baeocystin (monomethyl) and nor-
baeocystin (demethyl), respectively. Their chemical structure is shown in
Fig. 1c and 1d, respectively. Both compounds have subsequently been
identified in various hallucinogenic mushrooms.

The latest analogue of psilocybin identified is aeruginascin, the trimethyl
analogue of psilocybin (Fig. 1e). Also this compound obtained its name
from the mushroom species were it was identified Inocybe aeruginascens
after extraction with polar solvents (Gartz, 1989a; Jensen et al., 2006).
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Although the molecule contains a quarternary ammonium group, aerugi-
nascin (N,N,N- trimethyl-4-phosphoryloxytryptamine) seems to be stable
in dried mushrooms at room temperature for years. The authors speculate
that aeruginascin is likely to be enzymatically dephosphorylated in vivo
when aeruginascin- containing mushrooms are consumed. Due to the
quaternary ammonium group aeruginacin as such is unlikely to pass the
blood-brain barrier, a requirement for centrally mediated hallucinogenic
effects. Aeruginascin is structurally related to the frog skin toxin bufo-
tenidine (N,N,N-trimethylserotonin).

(‘)H
o— I‘?—OH
o} OH
CH,CH,N(CHa), CH,CH,N(CH,),
N N
H H
a) psilocybin b) psilocin
OH ?H
\
O—P—OH 0= ‘Pf OH
|
le) O
CH,CH,NCH, CH,CH,N
N N
H H
¢) baeocystin d) nor-baeocystin
‘OH
o— I‘:— OH
o)
©)
CH,CH,N(CHy)s
N
H

e) aeruginascin

Figure 1. Chemical structure of a) psilocybin; b) psilocin; c) baeocystin; d)nor-baeocystin;

and e) aeruginascin occurring in various hallucinogenic mushrooms.
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2.2. Physical and chemical properties

Psilocybin, re-crystallised from water, is made up of white, soft, crystal-
water containing needles that melts at 220-228°C. From boiling methanol,
psilocybin produces massive prisms that contain crystal-methanol and
melts at 185-195°C. Psilocyhin is soluble in 20 parts boiling water or in
120 parts methanol, but is poorly soluble in ethanol. The compound is
practically insoluble in chloroform and benzene. A 1% solution of psilo-
cybin dissolved in 50% ethanol has a pH of 5.2 (Hofmann et al., 1959).
The degradation product psilocin forms white crystals in methanol (m.p.
173-176°C) and is quite insoluble in water but dissolves in most organic
solvents. However, it is unstable in solution (Shulgin, 1980). The chemi-
cal and physical properties of psilocybin and psilocin are summarised in
Table 1.

Isolated and chromatographically separated psilocybin and psilocin
were visualised by coupling the compounds with Keller-Reagent (iron
chloride in concentrated acetic acid and sulphuric acid) or Van-Urk Re-
agent (p-dimethylbenzaldehyde). Reagent- coupled psilocybin produced a
violet colour-reaction and reagent-coupled psilocin a blue one (Hofmann
et al., 1958a, 1959).

Since psilocybin has similar pharmacological effects to LSD, the pos-
sibility of psilocybin forming a hydrogen bond between the ammonium
nitrogen atom and an oxygen atom of the 4-phosphoryloxy group of the
indole ring, to form a ring analogous to ring C of LSD, has been investi-
gated. X-ray crystallographic studies have revealed that such a hydrogen
bond neither is formed in psilocybin, nor in any of the other tested tryp-
tamine derivatives (Baker et al., 1973).

2.2.1. Chemical synthesis of psilocybin and psilocin

To be able to analyse for the occurrence of hallucinogenic compounds in
mushrooms, as well as in experimental animals and humans that have
ingested such mushrooms, chemical standards are required for the ana-
lytical methods. The compounds were originally synthesized by chemists
at the Sandoz laboratories in Switzerland (Hofmann et al., 1958; Troxler
et al., 1959). Several investigators have subsequently reported on the
chemical
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Table 1. Chemical and physical properties of psilocybin and psilocin.

Psilocybin
Synonyms:

IUPAC System. Name:

Chem. Abst. Name:
CAS reg. No.:
Molecular formula:
Chemical structure:
Molecular weight:
Chemico-physical
characteristics:

Density:
Solubility:
Melting point:
Boiling point:

Psilocin
Synonyms:

IUPAC System. Name:

Chem. Abst. Name:
CAS reg. No.:
Molecular formula:
Chemical structure:

3-[2-(dimethylamino)ethyl]-1H-indol-4-ol-dihydrogen phosphate
ester; O-phosphoryl-4-hydroxy-N,N- dimethyltryptamine; indocybin

520-52-5
C12H17N204P
See, figure la.
284.27

A water/ethanol solution of psilocybin has a pH of 5.2.
20 = 00

Op

Soluble in 20 parts boiling water, 120 parts boiling methanol; only
slightly soluble in ethanol. Practically insoluble in chloroform, benzene.

185-195°C

3-[2-(dimethylamino)ethyl]-1H-indol-4-ol; 4-hydroxy-N,N-
dimethyltryptamine; psilocin

520-53-6
ClZHlﬁNZO
See, figure 1b.

Molecular weight: 204.27

Chemico-physical

characteristics: Plates from methanol, mp 173-176°C. Amphoteric substance.
Unstable in solution, especially alkaline solutions.

Density:

Solubility: Very slightly soluble in water.

Melting point:

Boiling point:

synthesis of psilocybin (Ono et al., 1973; Repke et al., 1981; Ametamey et
al., 1998; Yamada et al., 1998; Nichols and Frescas, 1999; Sakagami and
Ogasawara, 1999; Yamada, 2000; Shirota et al., 2003), but only a few on
the synthesis of psilocin (Nichols and Frescas, 1999; Shirota et al., 2003).

In 1998, Yamada and co-workers suggested a method that in five steps
synthesizes psilocin from indole-3-carbaldehyde. The starting point for this
synthesis is indole-3-carbaldehyde (Yamada et al., 1998; Yamada, 2000).
Gathergood and Scammelis (2003) suggested an alternative method to
synthesise psilocin. They prepared the mushroom hallucinogen via palla-
dium-catalysed cyclization of protected N-tert-butoxycarbonyl-2-iodo-3-
methoxyaniline and appropriately substituted silyl acetylene. Subsequent
removal of the protecting groups gave good yields of psilocin.

Shirota et al. (2003) recently reported on a concise large-scale synthe-
sis of both psilocybin and psilocin. The synthesis started with protection
of the hydroxyl group of commercially available 4-hydroxyindole by
addition of an acetyl group. The 4-acetylindole formed was allowed to
react with oxalyl chloride to yield yellow crystals of the oxalyl-group
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coupled to the 4-acetylindole at the 3-position. A subsequent amidation
step produced 3-dimethylaminooxalyl-4-acetylindole, which could be
converted to psilocin in high yields by reduction. Psilocybin was pro-
duced in high yields from psilocin via a zwitterionic N,O-dibenzyl phos-
phate intermediate. The newly described method allows gram scale syn-
thesis of psilocybin and psilocin.

2.3. Analytical methods

2.3.1 Extraction methods

When Hofmann and co-workers isolated psilocybin from Psilocybe mexi-
cana they observed that the substance was only extracted by very polar
solvents like methanol or mixtures of ethanol and water (Hofmann et al.,
1958a, Hofmann et al., 1959). Due to the polar properties of the phos-
phate group (Figure 1) the substance is soluble in water and methanol but
not in less polar solvents. Psilocin on the other hand is less polar and
readily soluble in less polar solvents like 1-chlorobutane (Lee, 1985).

As shown in Table 2 most investigators have used methanol for the quantita-
tive extraction of psilocybin and psilocin from mushroom samples. Most of
the methods involve some kind of mechanical mixing of the finely ground
mushroom material with the solvent (Table 2). Extraction times have ranged
from 2 minutes to 24 hours. Only a few studies have investigated the effect
of the extraction conditions on recovery. Perkal et al. (1980) found that ho-
mogenization of finely ground samples of Psilocybe subaeruginosa with 30
parts of methanol for no more than 2 minutes gave maximum yield of the
alkaloids. Christiansen et al. (1981a) found this method inadequate when
analysing samples of Norwegian Psilocybe semilanceata. They extracted the
samples twice with 10% 1 N ammonium nitrate in methanol in a centrifuge
tube by rotating the tubes in a rotary mixer for 30 minutes. Almost quantita-
tive (98%) yield of psilocybin was obtained by this method. The role or ef-
fect of ammonium nitrate in the extraction solvent was not discussed.
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Beug and Bigwood (1981) obtained quantitative extraction of psilocybin
and psilocin from powdered freeze-dried mushrooms by magnetic stirring
for 12 hours in methanol. Recoveries were tested by adding known
amounts of psilocin and psilocybin to Psathyrella foenisecii and
Psathyrella baeocystis. The effectiveness of this method was later con-
firmed by Gartz (1994). He studied the time course of the extraction in six
different mushroom species and found that the time to maximal yield dif-
fered between the species. None was completely extracted in 30 minutes
and two needed more than six hours. Maximum yield was obtained for all
species in 12 hours.

Sottolano and Lurie (1983) investigated the effect of ultrasonication
on the extraction yield of psilocybin. They found that treatment of finely
powdered mushroom material with methanol, in an ultrasonic water bath
breaks up the mushroom tissue matrix sufficiently to allow over 95%
extraction yield in less than 1 hour. The mushroom species used in this
experiment was not specified.

Vanhaelen-Fastré and Vanhaelen (1984) extracted psilocin, psilocybin
and baeocystin as ion pairs with 1-heptanesulphonic acid in a mixture of
ethanol and water. Finely ground dried specimens of Psilocybe semi-
lanceata were allowed to macerate for 2 hours in a micropercolator. After
percolation of the first solvent fraction, the percolation was repeated with
a fresh solvent. The yield of psilocybin by this method was 99%.

Kysilka and Wurst (1990) reported a new extraction method for psilo-
cybin and psilocin in mushroom samples (Psilocybe bohemica). They
investigated the influence of the composition of the extraction solvent on
the extraction yield and found that these compounds are best extracted
separately. The optimal solvent for the extraction of psilocybin was 75%
methanol saturated with potassium nitrate and 75% ethanol for psilocin.
They stated that conventional extraction with methanol would only ex-
tract 76% of the psilocybin content and 8% of the psilocin content as
compared to the new method. The study was criticized by Gartz (1994),
who was unable to confirm their findings. He found that more psilocin
but less psilocybin was constantly extracted with agueous mixtures of
methanol or ethanol compared to pure methanol. At the same time he
found high phosphatase activity in the aqueous extracts but not in extracts
from pure methanol. It has previously been demonstrated that psilocybin
is readily hydrolysed to psilocin by phosphatases (Horita and Weber,
1961, 1961a). Although he did not confirm it by experiments he ascribed
the high vyield of psilocybin reported by Kysilka and Wurst (1990) to
hydrolytic cleavage of psilocybin to psilocin by phosphatases extracted
from the mushrooms. Unfortunately Kysilka and Wurst (1990) did not
investigate whether extraction of psilocin from the samples had any effect
on the psilocybin content of the same samples.

Anastos et al. (2006a) extracted psilocybin and psilocin with metha-
nol, separated the compounds on a C12 column using a methanol/ ammo-
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nium formate mixture as mobile phase, and detected the compounds
through a dual reagent chemiluminescence detection system of acidic
potassium permanganate and tris(2,2"- bipyridyl)ruthenium (I1). During
these studies it was observed that the aquous chemical standards of psilo-
cybin and psilocin are prone to be degraded by light. However, taking
care of protecting the standards from light, they are stable for at least one
week (Anastos et al., 2006b).

From these studies it can be seen that the extraction of psilocybin and
psilocin from mushroom samples deserves further investigation. It still
remains unclear whether the high psilocin content reported by Kysilka
and Waurst (1990) and Wurst et al. (1992) in some species is an artefact.
Moreover the time course of the extraction under different experimental
conditions needs to be thoroughly studied.

2.3.2 Quantitative determination of psilocybin and psilocin in mushroom
samples

As shown in Table 2 almost all published methods for the quantitative
determination psilocybin and psilocin have utilized some kind of chroma-
tography to separate them from other co-extracted compounds. In their
original identification of psilocybin and psilocin in Psilocybe mexicana,
Hofmann and co-workers (1958a) used chromatography on a cellulose
column. After a further purification and crystallization procedure, the
isolated substances were quantitated by weighing. McCawley et al.
(1962) adopted this method when analysing samples of Psilocybe baeo-
cystis. Instead of weighing the isolated substances they quantified them
by ultraviolet spectrophotometry.

Although paper and thin-layer chromatography have mostly been used
for the qualitative analysis of these substances, some authors have used
them quantitatively. Catalfomo and Tyler (1964) used a serial dilution
procedure to quantify psilocybin on paper chromatograms after reaction
with 4-dimethylaminobenzaldehyde. Robbers et al. (1969) used the same
method to quantify psilocybin on thin-layer chromatograms and a similar
approach was used by Neal et al. (1968). Gartz (1986a) extracted psilo-
cybin and baeocystin from thin-layer chromatograms and quantified them
by measuring the colour formed after reaction with 4-(dimethylamino)-
benzaldehyde.

Due to its versatility high-performance liquid chromatography is the
most popular method for the determination of psilocybin and psilocin in
mushroom samples. Normal phase chromatography on a silica column is
the simplest form of this technique. It was used qualitatively by White
(1979) and for guantitative analysis by Christiansen et al. (1981a, 1981b,
1982), Christiansen and Rasmussen (1983) and Jokiranta et al. (1984). By
this method Christiansen and Rasmussen obtained an excellent separation
of the indole alkaloids present in Norwegian Psilocybe semilanceata. It
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has been stated that silica columns are susceptible to contamination from
polar materials that shorten column life and are less reproducible than
bonded columns (Thomson, 1980; Lindsay, 1987). This may explain why
they have not gained popularity in the analysis of these substances.

The most versatile bonded columns are those with non-polar groups like
octyl (C8) or octadecyl (C18) hydrocarbon chains attached. As can be seen
in table 2 C18 is the most widely used column for these purposes. Because
of the hydrophobic nature of the stationary phase psilocybin is only weakly
retained on this type of column and therefore prone to interference from co-
extracted, water soluble impurities. Another disadvantage of using these
columns is that the different polarity of psilocybin and psilocin makes si-
multaneous analysis difficult. The problem may be solved, at least in part,
by using a mobile phase gradient (Borner and Brenneisen, 1987) or by
using two different solvent systems for these two compounds (Kysilka and
Wurst 1990). In none of the published methods using C18 columns under
isocratic conditions was it confirmed whether these systems were able to
separate psilocibin and its demethylated analogue, baeocystin (Stijve et al.,
1984, 1985; Wurst et al. 1984; Semerdzieva et al., 1986; Gartz, 19874,
1989b; Kysilka et al., 1985; Kysilka and Wurst 1989; Gartz & Miiller,
1989; Kysilka & Waurst, 1990; Wurst et al. 1992).

Several authors (Thomson, 1980; Stamets et al., 1980; Beug and Big-
wood, 1981, 1982; Vanhaelen-Fastré and Vanhaelen, 1984; Ohenoja et
al., 1987) have separated these substances as ion-pairs with ion-pair re-
agents on hydrocarbon bonded phase columns. However, it should be
kept in mind that it is virtually impossible to remove completely an ion-
pair reagent from such columns and they are therefore not reusable with
other mobile phases (Gill 1986).

Psilocybin and psilocin have excellent absorption characteristics in the
ultraviolet region, both exhibit native fluorescence and they are electro-
chemically active. These features have all been used to monitor the efflu-
ent from the chromatographic column. Although ultraviolet spectropho-
tometry is the most commonly used method (Table 2) greater sensitivity
may be obtained by other methods (Perkal et al., 1980; Wurst et al.,
1992). Increased specificity has been obtained by connecting two or more
of these detectors in series (Christiansen and Rasmussen, 1983; Wurst et
al., 1992).

Only three authors have described gas chromatographic methods to
quantify psilocybin and psilocin in mushroom samples (Repke et al., 1977,
Keller et al., 1999a, 1999b; Kikura-Hanajiri et al., 2005). The reason is,
without doubt, the low volatility of psilocybin, which makes derivatization
necessary prior to analysis. This technique is therefore rather impractical as
compared to high-performance liquid chromatography. Both authors used
silylation, where psilocybin was converted to its tris-(trimethylsilyl) deriva-
tive and psilocin to its bis-(trimethylsilyl) derivative.
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Recently Pedersen-Bjergaard et al. (1997, 1998) developed a capillary
zone electrophoretic method to determine psilocybin and other indole
alkaloids in Psilocybe semilanceata. Although this method seems to be a
promising alternative to high-performance liquid chromatography it did
not allow a simultaneous determination of psilocybin and psilocin.

This review shows that none of the published methods seems to offer
a totally satisfactory solution to the analysis of psilocybin and psilocin in
mushroom samples. Further research in this field is therefore needed.

2.3.3 Qualitative analysis of psilocybin and psilocin in mushroom samples

Although the aforementioned instrumental chromatographic techniques are
all usable for screening of mushroom samples for psilocybin and related
substances, most authors have used thin-layer chromatography. It offers the
possibility of using more or less group specific detection reagents, which
makes it even more versatile and specific than most of the quantitative
methods. In Table 3 are listed the thin-layer chromatographic systems re-
ported for the identification of psilocybin and closely related substances.
The most commonly used system is n-butanol-acetic acid-water (2:1:1). It
has the disadvantage that psilocybin and baeocystin are not well separated.
A mixture of these solvents in the proportions 12:3:5 gives a better separa-
tion of these two substances. However, the systems cyclohex-
ane:chloroform (1:1) (Leung et al., 1965) and n- propanol-acetic-acid-
water (10:3:3) (Vanhaelen-Fastré and Vanhaelen, 1984) seem to give the
best overall separation of psilocybin, psilocin and baeocystin.

Paper chromatography, the forerunner of thin-layer chromatography,
was the most commonly used screening method in the first years after the
discovery of psilocybin and psilocin (Hofmann et al. 1958a, 1958b). Ty-
ler (1961) used paper chromatography with three different solvent sys-
tems to identify indole derivatives in certain North American mushrooms.
He identified psilocybin in Psilocybe pelliculosa on a filter paper buff-
ered to pH 5. The mobile phase was n-butanol saturated with water. This
same system was later used by Benedict et al. (1962a, 1962b, 1967),
Picker and Rickards (1970), and Ott and Guzman (1976). The other sys-
tems described by Tyler (1961) were the upper phase of n-butanol-acetic
acid-water (4:1:5) and n-propanol-ammonia (5:1) (see also Benedict et al.
(1962a, 1962b, 1967)). Other solvent systems that have been used for
these purposes are n-butanol-acetic acid-water (12:3:5) (Ott and Guzman,
1976) and n-butanol-acetic acid-water-isopropanol (8:2:5:3) (Michaelis,
1977).
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The most commonly used reagent to detect indole alkaloides on paper or
thin-layer chromatograms is 4-(dimethylamino)-benzaldehyde (DMAB). It
is usually applied in a mixture with strong hydrochloric acid (Ehrlich’s
reagent) or followed by exposition to hydrogen chloride fumes. DMAB
reacts at position 3 in the indole ring to form a coloured derivative (Jork et
al., 1994). An alternative to this reagent is 4-(dimethylamino)-cinnamalde-
hyde in a mixture with strong hydrochloric acid. This reagent was found
more sensitive than the Ehrlich’s reagent and gave more varied colours
(Stijve et al., 1984, 1985). Among other reagents that have been reported
for the localisation of psilocybin and related alkaloids are diazotized sulfa-
nilic acid (Pauly’s reagent) (Tyler, 1961; Benedict et al., 1962a, 1967),
ceric sulphate and an alkaline solution of Fast Blue B (Heim et al., 1966b).

Finally it should be mentioned that non-chromatographic techniques
have also been used to identify psilocybin and other indole alkaloids in
mushroom samples. Unger and Cooks (1979) used mass spectrome-
try/mass spectrometry (MS/MS) to identify psilocybin in powdered
mushrooms and mushroom extracts. Lee (1985) isolated and identified
psilocin from psilocin/psilocybin containing mushrooms by UV and IR-
spectrophotometry. The method is based on the hydrolysis of psilocybin
to psilocin and a selective extraction of psilocin from the extracts by 1-
chlorobutane. Recently Keller et al. (1999a, 1999b, 2006) used ion mobil-
ity spectrometry to identify psilocybin and psilocin in finely cut samples
of Psilocybe subcubensis. The method is highly sensitive but not entirely
specific since psilocybin is thermally degraded to psilocin during analy-
sis. In line with developments in analytical methodology also liquid
chromatography-mass spectrometry (LC-MS) and liquid chromatogra-
phy-tandem mass spectrometry (LC-MS-MS) have been used to deter-
mine psilocybin and psilocin in samples of ‘magic mushrooms’ (Kamata
et al., 2005). In particular the tandem mass spectrometry provided im-
proved specificity and accuracy.

2.3.4. Analysis of psilocybin and psilocin in human fluids and tissues

Moeller and Kraemer (2002) described procedures for detection of drugs
of abuse in whole blood, plasma, and serum. Reviewing what is known
about psilocybin/psilocin they identify Sticht and Kéferstein (2000) to be
first to report the identification of psilocin in serum in a subject after
magic mushroom intake. However, the amount was to low to be quanti-
fied by common analytical methods.

Psilocybin can not be detected with GC-MS because of its phosphoric
acid structure. The analysis has to focus on psilocin but as psilocin is
thermally labile, it requires derivatization before being analysed by GC-
MS (Ondra et al., 2006; Tiscione and Miller, 2006). To quantify the in-
ternal dose of mushroom hallucinogens, psilocin conjugates should be
cleaved enzymatically, extracted and, if required, derivatized (silylated)
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before being determined by suitable instrumentation. Sticht and Kafer-
stein (2000) found 18 ng/ml free psilocin in serum, but the total psilocin
content was 52 ng/ml.. It is to be expected that LC-MS will be a suitable
technique for determination of psilocybin and psilocin in various bioma-
trices (Drummer, 1999; Polettini, 1999; Bogusz, 2000). For example,
Bogusz et al. (2000) reported a limit of detection of 1 ug psilocin/L se-
rum using a LC-electrospray ionization (ESI)-MS system.

Exposure to psilocybin-containing mushrooms or drugs can also be
documented by urinary analysis. As psilocin glucuronide is an important
excretion product in urine, Kamata et al. (2003) developed an optimized
glucuronide hydrolysis method for the detection of psilocin by LC-MS-
MS in human urine. Recently, Ramirez Fernandez et al. (2007) reported a
validated LC-MS-MS method for the simultaneous analysis of multiple
hallucinogens, including psilocin, in urine of subjects that have ingested
hallucinogenic mushrooms.

In addition to the GC-MS and LC-MS methods developed, a single
immunoassay for analysis of psilocin in serum and blood samples has
been published (Albers et al., 2004). This method makes use of a poly-
clonal rabbit antisera developed against a psilocin hapten conjugate
(Albers et al., 2002). Cross-reactivity of structurally related compounds
were usually limited but reached close to 20% for tricyclic neuropeptics
with a (dimethylamino)ethyl side-chain. This method is, however,
unlikely to become important in the analysis of forensic samples poten-
tially containing psilocybin/psilocin.



3. Blosynthesis

Experimental evidence regarding the biosynthesis of psilocybin and psi-
locin is limited. The structural similarity between these compounds and
tryptophan indicate they might be derived from that amino acid. In 1961
Brack and co-workers showed that labelled tryptophan was incorporated
into psilocybin by cultured mycelium of Psilocybe semperviva. Subse-
quently, labelled tryptophan was found to be incorporated into psilocybin
also in submerged cultures of Psilocybe cubensis (Agurell et al., 1966).
Separate studies showed that addition of tryptophan to the culture me-
dium had no influence on the biosynthesis of psilocybin in Psilocybe
cubensis and Psilocybe baeocystis (Catalfomo and Tyler, 1964; Leung
and Paul, 1969). It is not known to what extent the data obtained from
studies on mycelial cultures are representative for the biosynthesis in fruit
bodies grown in the wild.

To produce psilocybin, the tryptophan molecule has to be modified by
decarboxylation, methylation of the amino group, hydroxylation of the 4-
position of the indole moiety, and phosphorylation of the 4-hydroxy-
indole moiety; although not necessarily in the above order. Since tryp-
tamine functioned as a better precursor for psilocybin synthesis than tryp-
tophan in cultured Psilocybe cubensis, it seems probable that decarboxy-
lation of tryptophan to tryptamine is the first step in the biosynthesis of
psilocybin (Agurell et al., 1966). In agreement with this observation, 4-
hydroxytryptophan was found to be a very poor precursor to psilocybin
(Agurell and Nilsson, 1968a).

The biosynthetic route from tryptamine to psilocybin is much more
controversial. Available data (Agurell and Nilsson, 1968a; 1968b; Chil-
ton et al., 1979) from studies on Psilocybe cubensis are consistent with
the psilocybin biosynthes shown in Figure 2.

Using mini-cultures of Psilocybe cubensis and deuterium-labelled
precursor solutions, Chilton et al. (1979) found that a wide range of tryp-
tamines were readily absorbed by mycelia and translocated into develop-
ing mushrooms. Deuterated tryptamine was incorporated more efficiently
into psilocin and psilocybin than were monomethyltryptamine and di-
methyltryptamine. Both of the latter two compounds were incorporated,
however, without prior demethylation to tryptamine. These data suggests
that the hydroxylation enzyme operates normally on tryptamine, but may
be sufficiently flexible to oxidise dimethyltryptamine or other natural
substrates forced on it at high concentration. The hydroxylation of di-
methyltryptamine in mini-cultures to give psilocin was observed to occur
with NIH shift. Thus a tryptamine-4,5-epoxide is the probable intermedi-
ate between tryptamine and psilocin.
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In studies on mycelial cultures of Psilocybe cubensis, which are capable
of forming psilocybin and psilocin de novo, german investigators, in
agreement with the above referred findings, observed a high capacity for
hydroxylation of tryptamine and tryptamine derivatives at the 4-position.
Although no data was shown on the hydroxylation of N,N-
dimethyltryptamine to psilocin, the mushroom efficiently hydroxylated
tryptamine to psilocin (and much less efficiently to psilocybin) (Gartz,
1989c), and N,N- diethyltryptamine to 4-hydroxy-N,N-diethyltryptamine
(up to 33 000 mg/kg dry weight) (Gartz, 1989b). Parallel investigations
with mycelial cultures of Psilocybe semilanceata revealed that also this
mushroom was able to biotransform N-methyltryptamine to 4-
phosphoryloxy-N-methyltryptamine (baeocystin). Comparatively little
psilocin was produced. These observations indicate that surface cultures
of Psilocybe semilanceata have a high hydroxylation and phosphoryla-
tion capacity, although the ability to methylate tryptamine derivatives is
low. Thus, the latter observation agree with the finding of Agurell and
Nilsson (1968b) that psilocybin may be formed from 4-hydroxytryptamine
(in cultures of Psilocybe cubensis), were this compound to be formed in the
mushrooms.

QjTCHZCHCOOH @\jTCHQCHzNHz
| — - .
NH,
N N
H H

tryptophan tryptamine

3

CH
CH,CH,NHCH, CHZCHZI\< s
— CHs
N N
H H

N-methyltryptamine N,N-dimethyltryptamine

\
0=P—0
| ©
OH 0
CH, CH,
CHZCH2’\< R CHZCH2|\<H
CH, CH,
N N
H H
psilocin psilocybin

Fig. 2.A tentative pathway for the biosynthesis of psilocybin from tryptophan. The model
is based on data obtained in studies on submerged cultures of Psilocybe cubensis (Agurell
and Nilsson, 1968a, 1968b; Chilton et al., 1979).



4. Occurrence

The first identification of ritual 'teonanécatl’' samples took place in 1939
and revealed that more than one mushroom species was used by the sha-
mans. The identified mushrooms were Panaeolus campanulatus var.
sphinctrinus, Panaeolus acuminatus, Psilocybe cubensis and Psilocybe
caerulescens (Guzman, 1983). After psilocybin, psilocin, baeocystin, nor-
baeocystin and aeruginacin initially being identified in Psilocybe mexi-
can, Psilocybe baeocystis and Inocybe aeruginascens (Hofmann et al.,
1958a; Leung and Paul, 1968; Gartz, 1989a), respectively, the hallucino-
genic compounds were also detected in other mushrooms growing in
various parts of the world.

4.1. Content of psilocybin and related compounds in
various mushroom species

Table 4 tabulates the analytical data on psilocybin, psilocin and/or baeo-
cystin content in various mushrooms available in the litterature. Lists of
this type require correct identification of the mushrooms. In practise, this
is unlikely due to the sometimes poorly developed and often progressivly
developing taxonomy, and the difficulties in accurately identifying the
various mushroom species. The present authors have not changed the
information of the original author unless this is obviously motivated, e.g.
when it is commonly accepted that a mushroom has been transferred from
one genus to another.

Psilocybin, psilocin and/or baeocystin have been identified in the gen-
era Agrocybe, Conocybe, Copelandia, Geerronema, Gymnopilus, Hygro-
cybe, Hypholoma, Inocybe, (Panaeolina), Panaeolus, Pluteus, Psathyrella,
Psilocybe and Stropharia. Of the about 190 different mushrooms which
have been analysed for psilocybin, psilocin or beaocystin, about 90 have
been identified to contain at least one of these hallucinogenic compounds
and in more than 60 of the cases the levels have been quantified. In the
genus Psilocybe 41 out of 55 species(or varieties) contain psilocybin or
related compounds, whereas the corresponding figures for the genus Pan-
aeolus are 9 out of 26 species. Hallucinogenic compounds also seem to be
common in the genus Gymnophilus.

The table also states which analytical techniques have been used to
identify and quantify the hallucinogens. Additional information available
in Table 4 is a statement on whether the analysed mushrooms material
were harvested from cultures in the laboratory as fruit bodies (C), scle-
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rotia (Sc), submerged mycelium culture (S) or mycelium (M). When col-
lected in the wild, the country of origin is given. It should be noted that
partial degradation of psilocybin, psilocin and/or baeocystin may have
taken place in the dried materials from herbarial collections.

It has been argued that the ability to synthesise psilocybin and related
compounds can be used as a toxonomic criterion. The background for this
suggestion is that all mushroom samples of a species collected from dif-
ferent areas of the world contain the investigated compounds. For exam-
ple, fruit bodies of Psilocybe cubensis grown from spores obtained from
such different places as Mexico, Thailand and Cambodia all contained
appreciable amounts of psilocybin and traces of psilocin (Heim and Hof-
mann, 1958a). However, in some species this character seems not to be
stable. For these species there are both reports on the absence and the
presence of psilocybin. Although it is clear that the ability to produce
psilocybin and related compounds has a genetic background, not only
genetic factors determine the level of these compounds in the mush-
rooms.

The complicated relationship between genetic closeness of different
mushroom species and their ability to synthesise psilocybin has been
explored for the genus Gymnophilus, since Gymnopilus spectabilis has
been implicated in intoxications with hallucinogenic episodes (Hatfield et
al., 1978; Walters, 1965; Buck, 1967; Romagnesi, 1964). The material in
this investigation was 13 collections of mushrooms. In one toxiconomic
treatment of Gymnopilus, the genus is divided into two subgenera (Annu-
lati and Gymnopilus) based on the presence or absence of a persistent
annulus. Of the 16 species in the Annulati group, five were screened for
psilocybin. Whereas G. luteus, G. spectabilis and G. validipes contained
psilocybin, it was absent from G. subspectabilis and G. ventricosus. The
subgenus Gymnopilus has been subdivided into two sections - Microspori
and Gymnopilus. Four of the 22 species found in section Microspori were
screened and none contained psilocybin. The section Gymnopilus of sub-
genus Gymnopilus contains 33 species of which 10 were screened. Two
of these, G. aeruginosus and G. viridans contained psilocybin, whereas
the rest (G. aurantiophyllus, G. flavidellus, G. liquiritae, G. luteofolius,
G. mitis, G. penetrans, G. picreus and G. sapineus) did not (Hatfield et
al., 1978). The age of some of the collections (up to 21 years old) is likely
in part responsible for the variability in psilocybin content measured in
the various samples. However, this is probably not the only factor in-
volved since psilocybin has been found to be quite stable in some dried
herbarium samples. Another explanation of these results is that two or
more subspecies exists in some of the Gymnopilus species (Hatfield et al.,
1978).

Another illustration of the complicated relationship between genetic
closeness and the ability to produce psilocybin is given by the taxa be-
longing to the genus Panaeolus, which are difficult to exactly identify.
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Differential anatomic criteria commonly used for identification do not
permit a precise differentiation between the various species. Therefore, it
is easy to understand that results of chemical studies on this genus are
contradictory as they are done on poorly identified material (Ola’h,
1968). In order to confirm the presence or absence of psilocybin and re-
lated compounds, chemical analyses were performed with wild fruit bod-
ies, with fruit bodies from in vitro cultures, and with the dry matter of
mycelial cultures (Ola"h, 1968). The results of these analyses indicate
that the genus Panaeolus may be subdivided into three distinct groups, as
far as their psychodysleptic power is concerned: the psilocybian species,
the latent psilocybian species and the non-psilocybian species. The obvi-
ous problem here is the latent psilocybian species.

Genetic techniques based on polymerase chain reactions (PCR) of
specific regions of the genomes have been developed to identify species
and strains of various mushrooms (Lee et al., 2000a; Maruyama et al.,
2003b). Using this approach, studies of ribosomal RNA genes (the large
subunit) in Psilocybe and Panaeolus mushrooms have recently allowed
the differentiation between psilocybin-producing and non-psilocybin-
producing species, particularly of the genus Psilocybe (Moncalvo et al.,
2002; Maruyama et al., 2003a, 2003b, 2006). The tested hallucinogenic
mushrooms were classified into six groups (Maruyama et al., 2003b). The
identification of psilocybin-producing and non-psilocybin-producing
groups within Psilocybe might indicate that sometime during evolution an
event such as loss of psilocybin biosynthetic enzymes or their transcrip-
tion control factors might have occurred (Maruyama et al., 2003a). As
DNA samples may be obtained from nearly all types of material, includ-
ing forensic material, the method is useful with samples that do not allow
identification of mushrooms by morphological methods. However, the
fluorescence signal given in the TagMan assay was influenced by the
preservation time after harvest (Maruyama et al., 2003a). Lee et al.
(2000b) have reported on another DNA-based test to identify hallucino-
genic fungi. This test used the technique of amplified fragment length
polymorphisms in combination with using a suitable set of different
primers. Similarly, Nugent and Saville (2004) amplified and sequenced
the internal transcribed spacer region of the rDNA (ITS-1) and a 5™ por-
tion of the nuclear large ribosomal subunit of rRNA (nSLU rRNA) in 35
mushroom species belonging to hallucinogenic and non-hallucinogenic
genera. Whereas the ITS-1 locus sequence data was highly variable and
produced a phylogenetic resolution that was not consistent with morpho-
logical identification, the nLSU rRNA data clustred isolates from the
same species and separated hallucinogen-containing and non-
hallucinogen containing isolates into distinct clades.
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52 Occurrence and use of psilocybin-containing hallucinogenic mushrooms

In 1983 Guzméan made a systematic revision of the genus Psilocybe, re-
viewing the history, distribution and chemistry of the hallucinogenic spe-
cies (Guzman, 1983). Psilocybe mushrooms are mostly small, brownish,
conic-capped, slender-stalked, gilled mushrooms that fruit on or near
dung, but can be found in wood litter, meadows, parks, and under
sparsely scattered trees (Lincoff and Mitchel, 1977). The attached gills
produce spores that on deposit are deep liliac to purple-brown. The hallu-
cinogenic species of this genus can be found around the world and are
distinguished by: i) a bluing reaction in the carpophore; ii) a farinaceous
flavour; and iii) a farinaceous odour. Some of these characterisitcs be-
come more difficult to observe, the older the sample is. Of the 144 spe-
cies of Psilocybe mentioned by Guzman (1983), no less than 81 have
been identified as hallucinogenic. Of these, all the species of the sections
Cordisporae (26 species), Semilanceatae (13 species), Brunneocys-
tidiatae (10 species), Zapotecorum (9 species), Mexicanae (6 species),
Cyanescens (5 species), Stuntzae (5 species), Aztecorum (4 species) and
Cubensae (2 species) are hallucinogenic, but only one of the section
Subaeruginosae (1 species). All these fungi together, belong to the old
section Caerulescentes described by Singer (1958), and Singer and Smith
(1958). Some species in the Psilocybe genus contain additional toxic
compounds besides the indole derivatives.

The levels of psilocybin, psilocin and baeocystin in any one species of
hallucinogenic mushroom have been found to be highly variable between
samples. This is demonstrated by the data on some of the species belong-
ing to the genus Psilocybe. Jokiranta et al. (1984) reported a mean psilo-
cybin concentration of 14,200 mg/kg d.w. in a random sample (100
specimens) of Finnish Psilocybe semilanceata. The psilocybin concentra-
tion in the single samples varied from 6,200 to 23,700 mg/kg d.w.. Two
larger pooled unselected samples contained 16,800 and 15,300 mg/kg dry
weight, respectively. A variation in the levels of psilocybin, baeocystin
and psilocin from one sample to another has also been observed in Psilo-
cybe bohemica harvested from a single location (Gartz and Miiller, 1989).
Similar observations have been done in Psilocybe cubensis (Earle) Singer
(Gartz, 1987a), Pluteus salicinus (Pers. ex. Fr.) Kumm. (Gartz, 1987b)
and Inocybe aeruginascens (Gartz, 1987c). Beug and Bigwood (1982)
reported that the observed levels of hallucinogenic compounds varied by
a factor of two to more than six. The reason for this variation is not
known, but it is surely to some extent influenced by the different condi-
tions and times of storage between collection and chemical analysis (see
section 5.2.). Other factors that might influence the content of hallucino-
genic tryptamines are the size and the part of the fruit bodies analysed.

From these observations it can be inferred that reports on the absence
of psilocybin and related compounds must be interpreted cautiously, es-
pecially when only limited amounts of material have been examined. The
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disappearance rate of psilocybin (and related compounds) from carpo-
phores varies considerably.

No correlation between mushroom size (dry weight) and psilocybin
content was found in Pluteus salicinus and Inocybe aeruginascens (Gartz,
1987b; 1987c). However, in absolute amounts, larger fruit bodies contain
more psilocybin and baeocystin than smaller ones, showing that these
compounds are continuously produced in the mushroom. In relative
terms, small fruit bodies of P. semilanceata contain a higher percentage
of psilocybin and baeocystin than larger fruit bodies (Gartz, 1986b;
Christiansen et al., 1981b).

The part of the mushroom that has been analysed may also influence
the level of psilocybin and related compound detected. Wurst et al.
(1984) reported that caps contain more psilocybin than stems. Similar
findings have been reported by Beug and Bigwood (1982), Gartz (19874,
1987b), Keller et al. (1998), Gartz and Miuller (1989), and Gurevich
(1993). Even lower levels are found in the mycelium (Gartz, 1986b;
Kysilka and Wurst, 1989; Keller et al., 1998). Other investigators have
found marginal difference in psilocybin- and psilocin-content in the hat
and the stipe for some mushroom species (Tsujikawa et al., 2003).

Using a new technique to extract the tryptamine derivatives from the
mushroom, Kysilka and Wurst (1990) found much higher amounts of
psilocybin and psilocin in Psilocybe bohemica than had previously been
detected in this species. The original extraction procedure only extracted
76% of the psilocybin and 8% of the psilocin levels extracted by the new
technology. According to the authors these observations pose the ques-
tion whether the reported low contents of psilocin or absence of this
compound in the presence of substantially higher values of psilocybin
may not be an artefact induced by a non-proper extraction. Kysilka and
Wurst (1990) found nearly comparable content of psilocybin and psilocin
in Psilocybe bohemica, in contrast to current literature data. However, the
studies of of Kysilka and Wurst (1990) have been critizised (Gartz,
1994).

In one of the early studies on the chemistry of hallucinogenic mush-
rooms, Hofmann and co-workers (1959) reported that dried fruit bodies
of Psilocybe mexicana contained 2000-4000 mg psilocybin per kg dry
weight, whereas mycelium contained 2000-3000 mg/kg. The content of
psilocin was 500 mg/kg in dried fruit bodies but much less, if any, in the
mycelium.

Japanese workers studied the psilocybin content in cultured mycelium
of Psilocybe subaerunginascens and in the culture fluid. Mycelium con-
tained 170-180 mg psilocybin per kg dry weight, whereas no psilocybin
could be detected in the culture fluid (Koike et al., 1981). Catalfomo and
Tyler (1964) had earlier reported that psilocybin production correlated
with mycelial growth in submerged cultures of Psilocybe cubensis.
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Maximum production of psilocybin occurred at acidic pH, and reached
levels between 2,200 and 5,200 mg/Kkg.

Hallucinogenic mushrooms are also found in Australia and New Zea-
land. It has been hypothesized that these mushrooms have been intro-
duced to this continent with early settlers along with their livestock,
mainly the cattle as probable dispersal mechanism (Margot and Watling,
1981). The first livestock arrived in Australia at the end of the 1700’s.
While the importation of cattle may have been responsible for introduc-
ing some hallucinogenic mushrooms, there are at least five indigenous
species (Allen et al., 1991).

The Liberty cap, Psilocybe semilanceata, is the most important hallu-
cinogenic mushroom growing in the Nordic countries. A number of stud-
ies on the occurrence of psilocybin in this species has been performed.

Of 48 mushroom samples freshly collected in Norway 1979-1980 and
dried overnight at 50°C, 70% weighed between 20 and 60 mg
(Christiansen et al., 1981b). The average weight loss during drying was
92%. The smaller mushrooms of the Norwegian samples contained
higher tissue concentrations of psilocybin than the larger ones. Mush-
rooms weighing up to 20 mg had an average tissue concentration of 12
600 mg/kg whereas the ones weighing more than 60 mg had an average
tissue concentration of 5,700 mg/kg dry weight. Even if the tissue con-
centration in percent is higher in the smaller mushrooms than in the larger
ones, the total psilocybin content is higher in the larger mushrooms, indi-
cating that psilocybin is produced during growth (Christiansen et al.,
1981b), in accordance with other studies (see above). These data have
subsequently been confirmed by Gratz (1986a).

Beck and colleagues (1998) analysed Psilocybe semilanceata samples
collected at three different locations in Sweden, together with three mush-
room samples used by patients referred to hospital due to Psilocybe semi-
lanceata intoxication. All samples contained psilocybin at levels between
1,100 and 3,500 mg/kg fresh weight.

Fresh specimens of many hallucinogenic mushrooms stain naturally
blue or blue-green at the base of the stipe and often completely blue of
the stipe apex when handled. Early studies found a good correlation be-
tween content of psilocybin and/or closely related indole derivatives and
the blueing phenomenon (Benedict et al., 1962a). Psilocybin forms blue
colour in solution. Levin (1967) suggested that the coloured compound is
produced by psilocybin first being dephosphorylated to psilocin by a
phosphatase, and then psilocin being oxidised by for example cytochrome
oxidase, copper oxidase or Fe "I support of this suggestion, Horita and
Weber (1961) showed that incubation of psilocybin with homogenates of
rat kidney and other mammalian tissues causes a rapid liberation of psi-
locin through the action of alkaline phosphatase. The psilocin thus
formed quickly undergoes further oxidative degradation to form a blue-
coloured product. Weber and Horita (1963) subsequently concluded that
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cytochrome oxidase, a mitochondrial enzyme, is responsible for the rapid
oxidation of psilocin (to a dark blue product) by tissue homogenates. It is
conceivable that the blue colouring of these mushrooms result from an
identical reaction.

Recreational users of hallucinogenic mushrooms sometimes regard the
intensity of bluing as a guide to psilocybin and psilocin levels. Psilocybe
connoseurs have experimented with metol (p-methylaminophenol)
painted on the stalk or cap of a bruised mushroom as an indicator of the
presence of hallucinogenic compounds (Chilton, 1978). Metol has a low
oxidising potential and could be oxidised in the presence of any oxidases.
Therefore, it is not a surprice that a poor correlation between metol blue-
ing and psilocybin content has been found. Similarly, Beug and Bigwood
(1982) found a poor correlation between degree of natural bluing and
psilocybin or psilocin level. The variability of psilocybin and psilocin
within each species as well as the difference in average level between
species lead Beug and Bigwood (1982) to conclude that recreational users
of these mushrooms are ingesting unpredictably varying amounts of psi-
locybin and psilocin. The variability of the bluing reaction further implies
that this reaction is not a safe guide to psilocybin or psilocin levels. This
has been confirmed by Gartz (1986b).

The data summarised in this section show that the ability to synthesise
psilocybin and related compounds occurs in several mushroom genera,
but in only some of the mushrooms species in each genus. The unclear
role of tryptamine derivatives as taxonomic determinants is illustrated by
the findings of Stijve and Kuyper (1985). These investigators studied
around 100 different mushroom species, and found psilocybin, baeo-
cystin, and/or psilocin in only 10 species. For example, in 10 species of
Panaeolus, these compounds were only detected in Panaeolus subbaltea-
tus. The Panaeolus species, however, characteristically contained appre-
ciable amounts of serotonin and its precursor 5-hydroxytryptophan. Of
twenty Inocybe species analysed for the hallucinogenic compounds, these
were found in five species only. Of thirteen Pluteus species only Pluteus
salicinus was positive for psilocybin. One of these, Pluteus villosus, con-
tained tryptamine derivatives closely related to psilocybin. Too little ma-
terial was available to isolate and identify the compound. Whereas Pleu-
teus salicinus was faintly bluish green at the lower part of the stipe, Pleu-
teus villosus had a definite bluish to violet colour. Working with five
different Inocybe species containing hallucinogenic tryptamine deriva-
tives and being characterized by a bluish-green zone on the stipe, Stijve
and Kuyper (1985) concluded that although they contain high enough
concentrations of psilocybin, baecystin, and/or psilocin to render them
hallucinogenic when consumed, the likelihood this is going to happen is
very low due to the rareness of these species and the trouble to separate
them from poisonous mushrooms. Also Inocybe calamistrata had a blue-
green stipe, but this coloured zone was not influenced by bruising, and no
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tryptamine derivatives could be detected. The investigators concluded
that psilocybin was restricted to two sections of Inocybe, viz. Lactiferae
Heim and Fibrillosae Heim. None of the psilocybin-containing species of
Inocybe contained muscarine witch is a toxic compound found in other
species of Inocybe.

4.2. Influence of cultivation, storage and processing

The formation and distribution of psilocybin and related compounds in
fruit bodies, mycelia and sklerotia have been studied in cultivated Psilo-
cybe cubensis (Gartz, 1989d).

It has been speculated that the quantity of psilocybin and related com-
pounds occurring in hallucinogenic mushrooms depends on whether it is
an early or a late flush of fruit bodies developing from the mycelium.
There is no information available on wild mushrooms to confirm this
speculation. However, an Amazonian strain of Psilocybe cubensis have
been grown in carefully controlled cultures and the variation of psilocy-
bin and psilocin levels studied with time in culture (Bigwood and Beug,
1982). The first flush (fruiting) of mushrooms occurred four to five
weeks after inoculation of the cultures. The levels of psilocybin varied
somewhat unpredictably from one flush to the next, but generally were
much the same on the last flush (5th or 6th flush) as they were on the first
flush. The levels of psilocybin were between 3,200 and 13,300 mg/kg dry
weight. Psilocin, on the other hand, generally was absent in the first one
or two flushes, reached maximum by the fourth flush, and then appeared
to start to decline. The levels of psilocin were between non-detectable
levels and 2,900 mg/kg dry weight. Were these findings with psilocin
found to be general, it would partly explain the variation in psilocin levels
observed in hallucinogenic mushrooms. Similar observations have been
made by Gartz (1987a), who, however, noted that fruit bodies from later
flushes contained somewhat higher amounts of psilocybin (and psilocin)
than fruit bodies from early flushes. When Gartz repeated his studies,
using Psilocybe semilanceata and Gymnopilus purpuratus (Cooke &
Mass.) Sing. as cultivated materials, no variation in psilocybin, psilocin
and baeocystin levels between repeated flushes from a single culture was
found (Gartz, 1991).

When Bigwood and Beug (1982) analysed five street samples of Psilo-
cybe cubensis for which the flush number or the precise growing condition
were unknown, variable levels of psilocybin (700-6 200 mg/kg dry weight)
and consistently low levels of psilocin were found (n.d.-300 mg/kg dry
weight).

Psilocybin, psilocin and related compounds cannot be expected to be
totally stable in a mushroom or a mushroom extract, particularly as they
occur mixed with many other compounds, some of which have enzymatic
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activity. In those cases where dried ‘fresh’ mushrooms have been ana-
lysed for psilocybin and psilocin in parallel with dried stored museum
samples, it has been noted that psilocybin has been slowly degraded and
sometimes psilocin formed in the older stored samples (SemerdZieva et
al., 1986). Reports that mushrooms do not contain psilocybin and related
compounds must be interpreted cautiously, especially when only limited
amounts of material have been examined. The disappearance rate of psi-
locybin (and related compounds) from carpophores varies considerably.

Therefore, the time running between collection of mushrooms and
analysis, as well as the conditions at which the mushrooms are stored
may influence the quality and quantity of compounds analysed. For ex-
ample, the influence of the light conditions during storage has not been
studied. Many investigators have not given this experimental factor
enough consideration. Repke and co-workers (1977b), originally detected
psilocybin, psilocin and baeocystin in fresh samples of Psilocybe baeo-
cy%tis and Psilocybe cyanescens. However, after 66 weeks of storage at
22 C and 5-10% relative humidity, the compounds could no longer be
detected in either species. Similarly, chemical analysis of cultivated Psi-
locybe cubensis grown on horse dung showed that psilocybin, psilocin,
and baeocystin could not be detected in dried material stored at 22°C for
52 weeks (Repke et al., 1977). However, fragments of the same carpo-
phore stored under anhydrous conditions at -5°C for 52 weeks and the
freshly dried material (14 days) both contained these compounds. A simi-
lar decrease in baeocystin content related to storage was observed for
collections of Psilocybe semilanceata, Psilocybe silvatica, and Psilocybe
stuntzii. By contrast, the amount of baeocystin (and psilocin) found in one
collection of Panaeolus subbalteatus after 52 weeks storage was the same
as that detected in freshly dried specimens from the same collection. The
rate of decomposition of the studied compounds seemed to be irregular in
the investigated material. Similar observations were made by Wurst et al.
(1984). Although drying had no influence on the psilocybin level of fruit
bodies of Psilocybe mushrooms, storage of the dried mushrooms reduced
the levels significantly.

Beug and Bigwood (1982) studied how storage of mushroom samples
may influence the psilocybin and psilocin content. They noted that
freeze-dried samples showed no detectable loss of psilocybin and psilocin
when stored at -5°C or -60°C, but some freeze-dried samples lost both
psilocybin and psilocin over periods of one to two years when stored at
room temperature. Methanolic extracts were stable for over a year at -
5°C, but lost all psilocin and some psilocybin within six months when
stored at room temperature. Some dried herbarium material had lost all
psilocybin and psilocin after 1 year (Beug and Bigwood, 1981).

Ohenoja and co-workers (1987) analysed a series of dried herbarium
specimens of Psilocybe semilanceata collected in the years 1843, 1869,
1954 and 1976 in order to determine the stability of psilocybin and psilocin
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in the dried fruit bodies. Psilocybin was found to be remarkably stable in
this study. Even the 115 year-old sample