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Abstract. The genus Psilocybe currently comprises 
approximately 165 species that are hallucinogenic. 
Chemical studies on them have revealed the presence of 
alkaloids with indole and β-carboline structures, which are 
responsible for their psychotropic properties. However, 
scarce information has been reported on other classes of 
metabolites present in Psilocybe mushrooms. The objective 
of this review was to integrate chemical information 
published on the species of mushroom recognized in this 
genus, specifically that including characterized 
metabolites. The search for this information spanned 
publications from 1958 to 2025 and identified at least 50 
different metabolites in 32 species. Overall, most 
metabolites were alkaloids with an indole structure; 
however, amino acids, terpenoids, and saccharides were 
also mentioned.

©2026, Sociedad Química de México. Authors published within 
this journal retain copyright and grant the journal right of first 
publication with the work simultaneously licensed under a 
Creative Commons Attribution License that enables reusers to 
distribute, remix, adapt, and build upon the material in any 
medium or format for noncommercial purposes only, and only so 
long as attribution is given to the creator. 

 

mailto:jmartin@uaeh.edu.mx
https://www.jmcs.org.mx/
http://creativecommons.org/licenses/by-nc/4.0


Review        J. Mex. Chem. Soc. 2026, 70(1):e2551 
Regular Issue 

©2026, Sociedad Química de México 
ISSN-e 2594-0317 

 

 
 
http://dx.doi.org/10.29356/jmcs.v70i1.2551 2 

Resumen. Actualmente, el género Psilocybe comprende aproximadamente 165 especies alucinógenas. Los 
estudios químicos sobre ellas han revelado la presencia de alcaloides con estructura de indol y β-carbolina, los 
cuales son responsables de sus propiedades psicotrópicas. Sin embargo, poca información se ha reportado sobre 
otras clases de metabolitos presentes en los hongos del género Psilocybe. El objetivo de esta revisión fue 
integrar la información química publicada sobre las especies de hongos reconocidas en este género, 
específicamente aquella que incluye la caracterización de metabolitos. La búsqueda de esta información abarcó 
publicaciones de 1958 a 2025 y reveló la identificación de al menos 50 metabolitos diferentes en 32 especies. 
En general, la mayoría de los metabolitos fueron alcaloides con estructuras de indol, pero también se incluyeron 
aminoácidos, terpenoides y sacáridos. 

 
 
Abbreviations 
 
CZE, capillary zone electrophoresis 
ESITOFMS, electrospray ionization time-of-
flight mass spectrometry 
GC-MS, gas chromatography-mass 
spectrometry 
HPLC, high-performance liquid 
chromatography 
HPLC-ESI-MS, high-performance liquid 
chromatography-electrospray ionization-mass 
spectrometry 
HPLC-FL, high-performance liquid 
chromatography coupled with fluorescence 
detector 
HPTLC, high-performance thin-layer 
chromatography 
IMS, ion mobility spectrometry 
IR, infrared 
LC, liquid chromatography 

LC-MS, liquid chromatography-mass 
spectrometry 
LC-MS/MS, liquid chromatography with 
tandem mass spectrometry 
MALDI-MS, matrix-assisted laser 
desorption/ionization-mass spectrometry 
MIKES, mass-analyzed ion kinetic-energy 
spectrometry 
NMR, nuclear magnetic resonance 
TLC, thin layer chromatography 
UHPLC-HRMS, ultra-high-performance liquid 
chromatography coupled with high-resolution 
mass spectrometry 
UHPLC-UV/VIS, ultra-high-performance 
liquid chromatography coupled with ultraviolet 
and visible detector 
UV, ultraviolet 

 
 
Introduction 
 

Mexico has a long and important tradition of knowledge and use of hallucinogenic mushrooms in 
rituals and ceremonies among various indigenous groups. According to Nichols [1], the Franciscan friar 
Bernardino de Sahagún, upon his arrival in Mexico in 1529, dedicated several years to studying Nahuatl beliefs, 
culture, and history. He wrote the famous Florentine Codex, in which he referred to hallucinogenic mushrooms 
as teonanacatl, “God’s Flesh,” the sacred mushrooms. However, sacred mushrooms and the Mexican rituals of 
their use gained widespread attention when amateur mycologist Robert Gordon Wasson published an article in 
Life magazine in 1957, “Seeking the Magic Mushroom,” describing his 1955 travels to Oaxaca. During these 
travels, he met the curandera María Sabina and participated in her rituals. On one of these trips, in 1957, the 
French mycologist Roger Heim accompanied R. Gordon Wasson and studied and identified several mushrooms 
as Psilocybe species, including P. mexicana. Heim managed to cultivate this mushroom in France and provided 
a quantity to the chemist Albert Hofmann of Sandoz Pharmaceuticals in Switzerland. The mushroom extract 
was subjected to thin-layer chromatography (TLC) to separate its components. The paper chromatogram was 
cut into distinct bands that fellow volunteers ingested to identify the active fraction. Hofmann managed to 
isolate enough of the active compound, which he characterized as psilocybin (Fig. 1), a crystalline compound 
relatively stable and soluble in water. Hofmann also identified another minor compound in the mushroom 
extract, which he named psilocin (Fig. 1). 
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Since the isolation and characterization of psilocybin and psilocin, scientific interest in these magic 
mushrooms has grown. Thus, chemical studies have been reported with the intention of demonstrating the 
presence of their psychoactive alkaloids, psilocybin and psilocin. It is important to mention that for a long time 
the name Psilocybe included several species that do not produce psilocybin but are morphologically similar, 
until phylogenetic studies carried out by Moncalvo et al. [2] and Matheny et al. [3] showed that they were two 
independent genera. Then, the pertinent nomenclatural and taxonomic arrangements were carried out (see 
Ramírez-Cruz et al. [4] for detailed information about the taxonomy of Psilocybe sensu lato). The main change 
was to apply the name Psilocybe sensu stricto only to those hallucinogenic mushrooms that produce psilocybin 
[5]. Nevertheless, literature prior 2007, and even some later works, included non-hallucinogenic mushrooms 
that do not produce psilocybin under the name Psilocybe, therefore the previously estimated number of species 
was between 277 and 300 [6,7]. In 2005, Guzmán [6] studied most of the 700 names of mushrooms reported as 
Psilocybe sensu lato. Then he recognized only 227 species in the genus (here still sensu lato), of which 144 
were considered hallucinogenic (i.e., Psilocybe sensu stricto). The only direct and practical evidence for a 
possible inference as to whether a mushroom contains psilocybin, independent of a chemical or phylogenetic 
study, is the blue staining caused by damage, which is now known, according to Lenz et al. [8], to be an 
oxidative oligomerization of psilocybin leading to blue products. Currently, in 2022, Bradshaw et al. [9], 
recognized 165 species in the genus based on literature review, which formed the basis of this revision. The 
objective of this work is to list the Psilocybe species that have been chemically studied to date, as well as to 
indicate the chemical structures of the identified metabolites and the methods applied to characterize them. 
 
 
Methodology 
 

A search for published works related to chemical studies on Psilocybe species was conducted using 
the databases Google Scholar, PubMed, ResearchGate, SciFinder, Scopus, and Web of Science. Then, 
Bradshaw et al. [9], Guzmán [6, 10], and IndexFungorum (https://www.indexfungorum.org/) were consulted to 
know if there were synonyms or if the taxon mentioned belonged to Psilocybe sensu stricto. The following 
keywords were used: full name of the species, Psilocybe, chemical study, and chemical composition. Accessing 
and carefully reading published works allowed us to know the structure of the identified metabolites and the 
methods used for their characterization. Publications on biological studies without structural elucidation of 
metabolites were not considered in this review. In addition, several patents were disregarded because they did 
not clearly describe the identification of metabolites in the studied Psilocybe species. 
 
 
Results and discussion 
 

This review showed that primary and secondary metabolites have been identified and characterized to 
date in 32 species (Table 1). It is important to note that, due to morphological similarity, imprecision in older 
descriptions, and difficulty in observing all the important micromorphological characteristics, distinguishing 
between species of the genus Psilocybe is not always straightforward. Until the advent of molecular data, 
specifically DNA sequences, species identification had to be approached with caution, as some metabolites 
mentioned in the reviewed literature may not correspond to the indicated species name. Even with molecular 
data, names can be incorrectly assigned to sequences deposited in databases, leading to misidentified species. 

Among the main secondary metabolites detected were alkaloids derived from L-tryptophan 
(1)/tryptamine (2), the best known being psilocybin (3) and psilocin (4) (Fig. 1), which possess psychotropic 
activity [4], in part due to their close structural relationship with the brain neurotransmitter serotonin or 5-
hydroxytryptamine (5) (Fig. 1). 
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Fig. 1. Structures of L-tryptophan (1), tryptamine (2), psilocybin (3), psilocin (4), and serotonin (5). 

 
 
 
Most chemical studies on Psilocybe mushrooms have focused on the identification, quantification, 

and/or isolation of psilocybin and psilocin, whose synthesis has been reported at the kilogram scale in some 
cases [11]. Some reports have also indicated the presence of compounds other than alkaloids, including amino 
acids, sesquiterpenes, sterols, and carbohydrates. The historical isolation and identification of those compounds, 
beginning with the alkaloids, is provided below. Figures 1–9 show the chemical structures of the metabolites, 
whereas Table 1 lists the species alphabetically, as well as a summary of characterization methods, the numbers 
assigned to the structures of the compounds, and the references of the chemical studies. A recent chemical study 
on P. allenii [12] was included. “Psilocye mckennaii” [13] was also considered, although it is a provisional 
name for a species not formally described from a taxonomic point of view.  

 
Alkaloids derived from L-tryptophan/tryptamine 

As previously mentioned, Albert Hofmann identified for the first time the presence of psilocybin (3) 
and psilocin (4) in P. mexicana [14–17]. Ten years later, two psilocybin analogs, baeocystin (6) and norbaeocystin 
(7) (Fig. 2) were isolated from P. baeocystis [18]. In these alkaloids, the structural difference from psilocybin is 
the presence of a single methyl group attached to the nitrogen in the C-α position in the case of baeocystin and 
none in norbaeocystin. Later, Repke and Leslie [19] identified baeocystin in P. semilanceata, in which they also 
detected psilocybin and traces of psilocin. They reported that the species P. pelliculosa also produces psilocybin 
and psilocin but not norbaeocystin. In the same year Repke, Leslie, and Guzmán [20] identified baeocystin in P. 
baeocystis, P. cubensis, P. cyanescens, P. pelliculosa, P. semilanceata, P. silvatica, and P. stuntzii. 

The quaternary salt aeruginascin (8) (Fig. 2) has been also recognized as a natural product in Psilocybe 
species [21]. This metabolite is a trimethylated structural variant of psilocybin, its name was stated because it 
was first identified in Inocybe aeruginascens, another hallucinogenic mushroom that also produces psilocybin 
and baeocystin [22]. 

Monomethylated and demethylated variants of psilocin, norpsilocin (9) and 4-hydroxytryptamine (10) 
(Fig. 2), respectively, were also recognized as natural products of Psilocybe. Norpsilocin was found in P. 
cubensis [23], while 4-hydroxytryptamine was evidenced in P. baeocystis and P. cyanescens [20]. 

The enzymatic and genetic studies on P. azurescens, P. cubensis, P. cyanescens, P. mexicana, and P. 
serbica showed that these species are source of derivatives direct from L-tryptophan, N-α-methyl-L-tryptophan 
or L-abrine (11), N,N-α-dimethyl-L-tryptophan (12), and the quaternary salt N,N,N-α-trimethyl-L-tryptophan 
or hypaphorine (13) (Fig. 2) [21,24,25]. Also, Waldbillig et al. [12] evidenced the presence of 4-hydroxy-N,N,N-
trimethyltryptamine (14) and methoxy-tryptamine (plausible 4-methoxytryptamine, 15) (Fig. 2) in the 
mycelium and basidiomes of P. allenii, P. cubensis, and P. cyanescens. It is assumed that compound 14 is the 
dephosphorylated variant of aeruginascin, while 15 is the O-methyl derivative of 4-hydroxytryptamine. 
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Fig. 2. Structures of alkaloids 6–15 present in Psilocybe mushrooms.  

 
 
 
After 63 years of the chemical studies on Psilocybe species, the results shows that the main alkaloids 

present in them possess a tryptamine structure. However, the presence of alkaloids with β-carboline structure 
has been observed in P. cubensis, P. cyanescens, P. mexicana, and P. semilanceata [26]. Thus, harmane (16), 
harmine (17), norharmane (18), and perlolyrine (19) (Fig. 3) were identified in all four species, while a possible 
isomer of harmol (20) and cordysinin C/D (21/22) were also considered as metabolites of P. mexicana (Fig. 3). 
It is important to mention that β-carbolines were identified in trace amounts in simultaneous with psilocybin 
and psilocin. This fact is interesting because β-carbolines possess biological activity as inhibitors of the 
monoamine oxidase A (MAO-A), an enzyme that inactivates psilocin by transforming it into 4-hydroxyindol-
3-yl-acetaldehyde [26]. 

 

 
Fig. 3. Structures of β-carbolines 16–22 present in Psilocybe mushrooms. 
 
 
 

An important characteristic of psilocybin-producing mushrooms is that they develop a deep blue color 
when the basidiome is intentionally damaged. This effect is significant to show that the species produce 
psilocybin and therefore be considered as a diagnostic feature in Psilocybe species [9]. Lenz et al. [8] discovered 
the compounds responsible for this effect (at least in P. cubensis) are quinoid derivatives in the form of dimer 
(23), trimer (24), and tetramer (25) (Fig. 4), which are generated from psilocybin through a series of 
dephosphorylation, oligomeric oxidation, and polymerization reactions. This is mediated by the enzymes 
phosphatase (PsiP) and laccase (PsiL) of P. cubensis.  
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Fig. 4. Structures of quinoid derivatives 23–25 present in Psilocybe mushrooms. 

 
 
 

Other alkaloids and amino acids 
Beck et al. [27] reported the identification of phenylethylamine (26) (Fig. 5) in P. semilanceata. It was 

found that the concentration of this amine in the fungus was 146 µg/g dry weight, suggesting that this alkaloid 
might play a role in the development of adverse reactions on Psilocybe mushroom intake. Likewise, P. 
azurescens, P. cubensis, P. cyanescens, P. mexicana, and P. serbica were identified as producers of lumichrome 
(27) and verpacamide A (28) (Fig. 5) [25]. Lumichrome is an isoalloxazine and follow-up product of riboflavin, 
while verpacamide is a cyclo (arginine-proline), both were described for the first time in the Psilocybe genus. 

 

 
Fig. 5. Structures of phenylethylamine (26), lumichrome (27), and verpacamide A (28) present in Psilocybe 
mushrooms. 
 
 
 

Waldbillig et al. [12] identified several compounds from the methanol extract obtained of mycelia and 
basidiomes of P. allenii, P. cubensis, and P. cyanescens, using UHPLC-HRMS, such as the amino acids 
tryptophan (1) glutamic acid (29), glutamine (30), arginine (31), histidine (32), ergothioneine (33), 
trimethylglycine (betaine, 34), and trimethyllysine (35), as well as phenylethylamine (26), carnitine (36), 
choline (37), α-glycerylphosphorylcholine (38), pantothenic acid (39), nicotinic acid (40), and nicotinamide 
(41) (Fig. 6). 
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Fig. 6. Structures of compounds 29–41 present in Psilocybe mushrooms. 
 
 
 
Terpenoids 

The only sesquiterpenes reported in Psilocybe are the 2,3-secoaromadendrane-type psilosamuiensin A 
(42) and psilosamuiensin B (43) (Fig. 7), which were isolated from the EtOAc extract of cultured mycelia of P. 
samuiensis and characterized by their spectroscopic data and by X-ray diffraction analysis [28]. Moreover, only 
two sterols with ergostane structure have been reported, ergosterol (44) and ergosterol peroxide (45), which 
were isolated from the methanolic extract of the basidiome of P. argentipes [29] (Fig. 7). Also, Picker and 
Rickards [30] identified ergosterol in P. subaeruginosa.  
 

 
Fig. 7. Structures of psilosamuiensin A (42), psilosamuiensin B (43), ergosterol (44), and ergosterol peroxide 
(45) present in Psilocybe mushrooms. 
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Saccharides 
Carbohydrates reported in Psilocybe mushrooms are the symmetrical, non-reducing (α-1,1) glucose 

disaccharide known as α,α-trehalose (46), and N-acetylglucosamine-anhydro (conceivable 1,6-anhydro, 47) 
(Fig. 8). In the case of this disaccharide, it was isolated from the methanolic extract of the basidiome of P. 
argentipes [29], while N-acetylglucosamine-anhydro was identified from the mycelia and basidiomes of P. 
allenii, P. cubensis, and P. cyanescens [12].  

 

 
Fig. 8. Structure of α,α-trehalose (46) and acetylglucosamine-1,6-anhydro (47) present in Psilocybe 
mushrooms. 

 
 
 

Miscellaneous 
Chemical study of P. natalensis led to the proposal of 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-

pyranone (48), 3-octanone (49), and hexadecanoic acid (palmitic acid, 50) (Fig. 9), in addition to tetradecane, 
nonadecane, and dibutyl phthalate [31]. However, it is well known that dibutyl phthalate is a toxic plasticizer 
and a common impurity. 

 

 
Fig. 9. Structures of 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyranone (48), 3-octanone (49), and palmitic acid 
(50) present in Psilocybe mushrooms. 

 
 
 
Dhanasekaran et al. [32] analyzed the ethyl acetate extract of P. cubensis using UV-Visible, FT-IR and 

GC-MS, which they compared with the NIST database. This led to the identification of (2-
aziridinylethyl)amine, 2-methyl-8-quinolinol, 9(10H)-acridinone 1,2-dihydro-3-methoxy-2-oxo, ethylamine 2-
(adamantan-1-yl)-1-methyl, propanoic acid 2-[(1-cyclohexylethyl)carbamoyl]-methyl ester, and 1-(4,5-
diphenyl-oxazol-2-yl)-ethylamine, together with cyclotrisiloxane hexamethyl. These compounds were first 
reported in Psilocybe, and given their rarity, we believe that further experimental evidence is required for their 
correct characterization. 

Recently, in 2025, Luz et al. [33] made a review to report on the chemical composition and biological 
activity of Psilocybe mushrooms. However, several species currently recognized within this genus that have 
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undergone chemical studies were omitted, such as P. allenii, P. aztecorum, P. atlantis, P. atrobrunnea, P. 
caerulescens, P. candidipes, P. cyanofibrillosa, P. muliercula, P. natalensis, P. ovoideocystidiata, P. 
quebecensis, P. subaeruginascens, and P. subcaerulipes, or others that do not currently belong to the genus 
Psilocybe were included, such as P. coprophila, P. inquilina, P. merdaria, P. montana, and P. pseudobullacea, 
which correspond to Deconica species. Additionally, some compounds were mentioned as natural products of 
these fungi. For example, ent-kaur-16-ene-19-oic acid-derived diterpenes have been reported from P. cubensis. 
In fact, this mushroom generated the hydroxylated products because it was fed the compound, and this does not 
mean that it naturally produces these metabolites. 
 
Table 1. Recognized species of Psilocybe sensu stricto that have been chemically studied. 

Species Chemistry 
performed Compounds References 

1. P. allenii Borov., Rockefeller & P.G. 
Werner 

UHPLC-UV/VIS, 
UHPLC-HRMS 

1, 3, 4, 6–9, 
14, 15, 26, 29–

41, 46, 47 
[12] 

2. P. arcana Borovicka et Hlaváèek GC-MS 3, 4 [36] 

3. P. atlantis Guzmán, Hanlin et C. White HPLC 3, 4 [37] 

4. P. aztecorum R. Heim emend. Guzmán 
= P. bonetii Guzmán 
= P. quebecensis Ola´h & R. Heim 

TLC 3, 4 [38–41] 

5. P. azurescens Stamets et Gartz HILIC-HPLC, 
HPTLC, TLC 

3, 4, 6, 7, 9, 
27, 28 [25,38,42–45] 

6. P. baeocystis Singer et A.H. Sm. emend. 
Guzmán 

HPLC, TLC, MS, IR, 
UV 

1, 3, 4, 6, 7 [19,38,46–49] 

7. P. bohemica Šebek HPLC, MS, TLC, IR 3, 4, 6 [36,38,50–58] 

8. P. caerulescens Murrill var. 
caerulescens 

= P. caerulescens var. ombrophila (R. 
Heim) Guzmán 

= P. wrightii 

GC-MS, TLC 3, 4, 6 [38,59–62] 

9. P. caerulipes (Peck) Sacc. TLC, UHPLC-
MS/MS 

1, 3, 4, 6, 7, 8 [60,63] 

10. P. cubensis (Earle) Singer 
= P. fasciata Hongo 

GC-MS, HPLC, IR, 
MALDI-MS, LC-

MS/MS, NMR, TLC, 
UHPLC-MS/MS, UV 

1, 3, 4, 6–9, 
11–19, 23–41, 

46, 47 

[8,9,12,20,2,23,
25,26,38,45,59,6

0,64,65–80] 

11. P. cyanescens Wakef. 

GC-MS, HPLC, 
HPLC-FL, HPLC-
ESI-MS, MIKES, 
UHPLC-UV/VIS, 

MS/MS, TLC, 
UHPLC-HRMS 

1, 3, 4, 6–9, 
14, 15, 26–41, 

44, 46, 47 

[12,36,43,46,50,
69,70,76,81] 

12. P. cyanofibrillosa Guzmán et 
Stamets TLC 3, 4 [82] 
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13. P. fimetaria (P. D. Orton) Watling TLC 3 [83] 

14. “P. mckennaii” LC-MS 3, 4 [13] 

15. P. medullosa (Bres.) Borov. GC-MS 3, 4 [35] 

16. P. mexicana R. Heim NMR, TLC, UHPLC-
MS/MS 

3, 4, 6–8, 16–
22 

[14–17, 
26,60,84–95] 

17. P. muliercula Singer & A.H. Sm. IR, TLC, UV 3, 4 [39] 

18. P. natalensis D.A. Reid & Eicker GC-MS, HPTLC, 
3, 4, 6, 7, 48–

50 [31,42] 

19. P. ovoideocystidiata Guzmán &
Gaines UHPLC-MS/MS 3, 4, 6–8 [60] 

20. P. pelliculosa (A.H. Sm.) Singer &
A.H. Sm. GC-MS, TLC, UV 3, 4, 6 [19,35,46,96] 

21. P. samuiensis Guzmán, Band.-
Muñoz & J. W. Allen

ESITOFMS, HPLC, 
NMR, IR, X-ray 

3, 4, 6, 42, 43 [28,36,38,97] 

22. P. semilanceata (Fr.) P. Kumm.
CZE, GC-MS, 

UHPLC-MS/MS, 
HPLC, NMR, TLC, 

UV 

3, 4, 6–8, 16–
19, 26 

[19,20,26,27,50,
51,53,60,72,74, 

76,98–116] 

23. P. serbica M. M. Moser & E.
Horak

HPLC, MS, LC-MS, 
TLC 

3, 4, 6–8, 11–
13, 27, 28 [20,24,25] 

24. P. silvatica TLC 3, 4, 6, [20] 

25. P. strictipes Singer & A. H. Smith TLC 3 [63] 

26. P. stuntzii Guzmán & J. Ott HPTLC, TLC 3, 4, 6, 7 [34,42,46] 

27. P. subaeruginascens Höhn. TLC, HPLC 3 [29] 

28. P. subaeruginosa Cleland HPTLC, HPLC 3, 4, 6, 7, 44 [30,42,117–119] 

29. P. subcaerulipes Hongo
= P. argentipes

HPLC, IR, LC-MS, 
LC-MS/MS, RMN 

3, 4, 44, 45, 46 [29,38,80,120, 
121] 

30. P. subcubensis Guzmán IMS, UHPLC-
MS/MS 

3, 4 [121–123] 

31. P. tampanensis Guzmán & S.H.
Pollock HPLC 3, 4 [67] 

32. P. zapotecorum R. Heim emend.
Guzmán = Psilocybe candidipes HPTLC, HPLC, TLC 1, 3, 4, 6–8, 10 [40,42,59,62, 

124] 

Conclusions 

The genus Psilocybe currently comprises 165 hallucinogenic species. A search of the species that have 
been studied for their chemical composition revealed that 50 metabolites were identified in only 32 of them. 
Most metabolites are alkaloids with indole or β-carboline structure (20) and amino acids (9), although 
terpenoids and saccharides have also been characterized. The presence of psilocybin in all studied species 
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confirms that they are hallucinogenic mushrooms. In the references analyzed here, some species were screened 
for psilocybin and psilocin, but its presence was undetected, even though the basidiomes analyzed showed 
bluing (caused by the enzymatic oxidation of psilocin when fresh). Therefore, caution should be exercised if 
these alkaloids are not detected, as this is likely due to the age of the basidiomes, rather than a complete absence 
of these compounds in the species [34] or maybe the biosynthesis of these alkaloids was lost like in P. fuscofulva 
(= P. atrobrunnea) [35].  
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