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INVESTIGATION OF THE ALKALOIDS OF AMANITA SPECIESI
II .. AMANITA CITRINA AND ,AMANITA PORPHYRIA~ , , , ,", . .,

By V.KTyI er, Jr. and D. Groger

Modern authorities (He n ni g 1958)con'sider Amanita citrina to be a weakly
toxic mushroom. Its earlier reputation as: a deadly j)'oisonous species no doubt
stemmed horn confusion with Amanita phalioide.5:.In 1953, Wieland and
Motzel isolated bufotenine from A. citrina collected in Europe, and Tyler
(1961) subsequently confirmed the presence of that alkaloid in American
specimens of the fungus. Ca tal [om 0 and Tile r (1961) also detected bufo-
tenine in the closely related A1.nanita}Jorphyria. No additional analytical stu-
dies of these species have been-reperted. .'

Preliminajychromatographic examination of ethan:~lic extracts of spore-
carps of both species which .h~d been collected in Germany inthe faifoL1963
revealed the presence of a ~umberof Ehrlichc.positive compounds in ~ddition
to bufotenine. Consequently; it was decided toexamineauthentic sporocarps
of both fungi in an attempt-to identify these minor constituents. A. citrina was
also cultivated on sterile liquidmedia to determine the biosynthetic capabilities

c of its mycelium under these conditions.

{ixl)erimerl~al

The dates and collection sites of. the specimens of 4manita. cltrina S. F. G ray and Amanita
fJO):f/hyria (F r.) See r. utilized 'Ii). this study are reported in table I. When preliminary .ana-
lyses revealed no appreciable differences .inthccomposition of the bases found in theditferent
collections, all were utilized.indiscriminately,

After drying .j·IT'a forced~airoverlat 559C;'the samples were finely powdered ;,md defatted
.bY exhaustive extFact-ion\l:'itllpettQleume;hetin a Soxhlct apparatus, A lO~g sample was-then

. 'cii!tra\2ted by slta:ki;';g,.witlrtlrree cqp..s~ctiUve·50-Ilil. portionsof iOOfo ethanol for thirty-minute
p·erlods ..Aft~rfiHering,WecQmbi~ede~tr~ct: w~s' reduced to a small' volume ili vaCito,the
tes\llting cOllcentr:atedsollitiori' a~jil~te~<toP:H to:;:with .sodium.hydr?xiqeand satu rateilw~th
sodiumchloddc;:It was theIl·extract~db.Ysha~i!lg;wWl' three Cill1SecLltiv?portion&o! water-
s~tur~ted n-b\Jtft~.(jl;the blltan()J.e~tra:Cf~C:Oll1blne~;a.!,equalvolLlm.e of .petroleum eth"eraMed,

:al1dthissQh[~i?n)~~tr~cted withtllr~ecol1scc~tive portions of '2~!otartaric ...acid eolution. The
. ~,i:idic solution *as tendered<l1l<;a:li~~,s<lJgEiJ,ie~>wit~'~§o.4i\lP!!)11orid~,and extracted as-before,
'. Aftb· comi?inihl ;t1~e'hu(a;l(~l·.t':;t'ril.ctw?:s.~yai?d#t.~d:·:tQdrYlless in vacuo and the remairiing .
Tesidu~dissolved.in 10 mlofWi/Q.:eth~rlot E~{rac.t~·th~'sprepared were utilized for thin-layer
~I;d pa~er chromatogi-aphY: ., '.'. ~. ... . .

. '. -. J.~,'~' ;;.~," - ; - • -~ z
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T.a b le 1
Time and place of Amanita curina and Amanita /JorjJhyria collections

Sample No. Colls:ction Site Date (1963) .

A. citrina
l.

2.
3.
4.
5.
6.
7.

Gransee
Berlin/Grunewald
Halle/Dolauer Heide
Brettenberge Forest/Harz
Ramberg Forest/Harz
Biankenhaim by Sangerhausen
BadSchmiedeberg

A. iJ01'/Jhyria
Berlin/Grunewald
Quedlinburg

Sept. 10
Sept, 7, 8
Sept. 16
Sept. 11
Sept. 11
Sept. 15
Sept. 17

Sept. 8
Sept. 10

Numerous chromatographic systems were tested to find one which would give effective sepa-
ration of the Ehrlidi-positive compounds present in the extracts. Thin-layer plates prepared
with Merck silica gel G (ace. to Stahl) developed with a solvent mixture composed of chloro-
form containing 5{J!0 methanol, saturated with 25~/o ammonium hydroxide (L e g I e rand
Tschesche, 1963) proved to be most satisfactory. Quantities « GOOul) of the extract were
applied as streaks (2-6 ern) and theplates dev.cloped twice with this solvent system. Tryptamine
derivatives were detected by spraying with Ehrlich's reagent (2% p-dimcthylaminobenzalde-
hyde in 15~/o hydrochloric acid) followed by exposure to the fumes of aqua regia and hydro-
xylated compounds with Pauly's reagent prepared according to Kutacek (H a i sand Mac e k,

1.

2.

c= 5 :::::>

Fig. 1: Thin-layer chromat-
ogram of purified extracts .of
A. citrina and A. P01'/JhYTia'
together with reference com-
pounds 1 = hufotenine-N-
oxide; 2 = serotonin: 3 "" N-
methylserotonin; 4 = bufote-
nine; 5= 5-1TI.ethoxy-N,N~ die
methyltryptaminc: 6 = N,N-
dimethyltryptamine. Spots are

visualizedwithEhrlidi's
reagent



1958). Identification of the bases was effected by co-chromatography with reference compounds
including bufotenine, bufotenine-N -oxide, dehydrobufotenine, N,N-dimethyltryptamine,N-
methyl serotonin, 5-methoxy -N -methy Itryp taminevzi-methoxy -N ,N -dimetliy ltryptainine, 5'-mec
thoxytryptamine, psilocin, psilocybin, serotonin, and tryptamine.

Nearly 20 different Ehrlich-positive spots could be detected by this procedure iri the A.
citrina extracts ani approximately 12 in those .of A.jJ01'iJhYl'ia. Of these, five spots r in both
extracts had mobilities coinciding with bufotcnine-Nvoxide, serotonin,N-methylsctotonin,
bufotenine, and 5-methoxy-N,N-dimcthyltrypta:minc andN,N-dimethyltryptallline (the latter
two compounds moved together to form a single spot). A typical chromatogram is illustrated
in figure 1. '

To substantiate further the identity of these compounds, -additicnal chromatograms we~e
prepared, and the areas equivalent to the five spots were scraped from the plates. The corn-
pounds were eluted from the silica gel with warm water or 70% ethanol, according to' their
respective solubilities, and the extracts again spotted, together with reference compounds, on
thin-layer plates and on S. and S. 2043 bm filter paper. The thin-layer plates were developed
as previously described; the paper chromatograms were subjected to circular development in
two .solvent systems,n-butanol: acetic acid: water (4:1: 1) (BAcW) and n-propanol: 1 N
ammonium hydroxide (5 : 1) (PrAm). Average RI, values and estimated relative concentrations
of the tryptamine derivatives detected in both A. citrina and A. iJoJ'iJhyria. are recorded in
t~ble 2. In each case these compounds failed to separate from the respective reference com-
pounds when chromatog raphed singly and in admixture, This, rather than tlieRF values which
roay vary appreciably in the circular chromatographic teclmique, was utilized as the criterion
of identity. As maybe seen in figure 1, a n-umber of spots in both extracts .rernain unidentified.

Table 2
RF values and estimated relative concentrations

of tryptamine derivatives detected in Amanita species

Compound
,~x~~!~e~(ave,)

BAcW PrAm

RelativeConcentr~tion3

A. citrina , A. porphyria

Bufotenine-N -oxide
Serotonin
N-Methylscrotouin
Bufotenine
5-Methoxy- N .Nvdimetbyltryptamine
·N;N~Dimeth}'ltryptamiiJe

0,45
0,58
0,66
0,69
0,78
0,85

0,50
0,66
0,7&
0,85
0,,92
0,97

4
2
2

10
,0,25
,0,25

2
1
1
8
0,1

°
a EXf>TeSsedas 10 = maximum, ° = none.

, ,

. To determine thebiosynthetic capabilities of mycelia:l cultures o{A. dtri";~,a nutrient, solu-
tion (}fth~foIlo\Ving composition was utilized.malt extract, 25 ml; glucose, }O.g; peptone, 19;
thiamine, 150 mcg ; distilled water ad 1,000 ml.rAfter autoclaving, the pH,of this medium was
5,7.,.Ederimeyei fli,lsks(IOO ml), each containing 25rnl of this nutrient solution-were inoculated
with A.dtrina and, incubated at. 25° G in the absence of light .. Theorganism-grew extremely
slowly but' eventually produced a thick white mycelial pad ont'hesurface ofthernedium
(figure 2). After 85 days, six such cultures were harvested, yielding a total '0£ 55,5 ml of medium
a:~d..'f,O~·g fresh Weight (O,54g dry weight) of mycelium, , . .. ,., ,... ".'
'<'1'h6 nutrient solution was adjusted top}I 10 with 100/0 sodium'hydroxide" saturated-with
'sqd'iUJ,n.~hloride" and-extracted by' shakingwith three consecutive.portions of v-but<ino'r. This



Fig. 2: Mycelial cultures of
Amanita citrina

extract was purified as previously described and the final ethanol solution adjusted' toa volume
of 2 ml. The mycelium was finely powdered, extracted with three successive portions of 70"/0
ethanol 'and' the combined solution also purified by partition as outlined for the sporocarp ex-
tracts. Final volume of this solution was also adjusted to 2 ml.

'Quantities (l00~500 ul) of both extracts were chromatographed as before i;l thin-layer and
paper chromatographic systems. Bufotenine, which was present in both extracts, was accom-
panied by traces of other Ehrlich-positive compounds, but the latter wen; not unequivocally
identified.

In order to determine the approximate concentrations of bufotine in the nutrient' solution
and the mycelium, the size and color intensity of spots on the thin-layer plates were compared
visually with a series of reference spots produced by chromatographing different concentrations
of bufotenine and spraying with Ehrlich's reagent followed by exposure to aqua regia vapor.
From the data .thus obtained, it was calculated that the nutrient solution contained a concen-
tration of bufotenine approximating 0,000030/0 and the mycelium 0,03~/o (dry-weight basis).

Discussion

Five, tryptamine derivatives, in addition to the previously' detected bufo-
tenine, .were identified in extracts 'of .sporocarps of A.' cilrina.t'heseinc1l.lded

~bufotenine-Nvoxide, serotonin, Nsmethylserotcnin, 5-methoxy-NiN:"d{methyl-
.tryptaniine, "and N,N-dimethyltryptamine.With' the ,exception 'of N;N~di-
methyltryptamine; the,se same compounds .were also identified. in sporocarp
.exttq.cts of A. porphyria.' ' '. " ,

Ba~ed on the relative amounts of these compounds .shown 'to be present,
itihayJ?e concluded that both of thesefungL possess active'~et~yl~;ti()?sY'stems"
slntethe amount of. bufotenine accumulated far' exceeds theconcentratiouof '.'
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..
.•....its demethylated precursor serotonin or the partially methylated N-methyl~
, serotonin. The relatively large number of tryptamine derivatives which remain

unidentified in both species, some of which are present in relatively large
concentrations, preclude definite conclusions regarding the details of the meta-
bolic relationships of these compounds.

Although N,N-dimethyltryptamine is known to function as a psychotomi-
" metic agent in human beings following ingestion, it is doubtful if the extremely

small amount present in A. citrina would be sufficient to induce these syrn-
ptoms after consumption of normal quantities of the mushroom. The absence

, of any report classifying A. citrina as a hallucinogenic mushroom tends to
~;: confirm this idea. However, until the identity of the other tryptamine deri-
'~y vatives of both A. citrina and A. /Jorphyria is established, or until modern
~~r pharmacological studies. clarify their physiological activities, they should con-
~@;; tinue to be classified as potentially 'dangerous species.

The ability of mycelial cultures of A. citrina tobiosynthesize even small
amounts of bufotenine is of considerable interest. Metabolic capabilities of
mycelial cuffures of basidiomycetes' are often quite different from those of
sporocarps, as revealed by the frequent inability of the former to accumulate
certain secondary metabolic products.' For example, sporocarps of numerous
Panaeolus species contain appreciable quantities of serotonin and its precursor,
5-hydroxytryptophan. Efforts to detect these compounds in mycelial cultures
of these species have been uniformly unsuccessful (Benedict and Tyler
1962). A. citrina cultures offer a suitable system for studies of the biosynthesis
of bufotenine and related 5-hydroxytryptamine derivatives.

Summary

Bufotenine, bufotenine-N' oxide, serotonin, N-methyl-serotonin, 5"methoxy-
N,N-diinethyltryptamil'le, and N.N-d·imdhylttyptamine were identified chro::'
rnatographically in sporocarpextracts of A. citrina and, with th~exception
of N,N -dimethyltryptamine, insimilarextracts of A. porphyria. Surface cul-
tures of Ai citrina were fbund to' he'capable of biosynthesizing bufotenine,
small quantities ofthealkaldidbeit:lgdet~cted in the mycelium and the culture
medium.
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