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Three emperors, a pope, and a multitude of lesser beings are reported to have suc-

cumbed to the poisons found in some wild mushrooms.
tion, the death toll still mounts.

Despite experience and educa-
Unfortunately, superstition and folklore remain the guides
for many mushroom collectors in distinguishing the poisonous species.

The authors have re-

ported a simple chemical procedure for identifying the most deadly poison in mushrooms,

the amanita toxins.
method.

This paper contains experimental evidence on the reliability of that
In 46 species of wild mushrooms, all the specimens that were found lethal to

mice gave a positive test for the amanita toxins. In only one case did a species which

failed to manifest toxicity give a test indicating the presence of these toxins.

HE AMANITA TOXINS IN MUSHROOMS

may be identified by a method de-
scribed in a recent paper (3). These
toxins, found in the closely related
Amanita  phalloides, Amanita wverna, and
Amanita virosa, are responsible for at least
909 of the deaths caused by mushroom
poisoning (23). Despite man’s long and
unhappy experience with wild mush-
rooms, there are still about 50 deaths
and many more cases of poisoning an-
nually in the United States alone (27).
Unlike muscarine, the toxin of Amanita
muscarta, the amanita toxins produce no
toxic symptoms for 10 to 15 hours after
ingestion, a time that allows the toxins to
be thoroughly absorbed by the body (77).
Although there is no specific antidote for
the amanita toxins such as atropine for
muscarine, the Pasteur Institute in Paris
has developed and stocks an antiserum
made by immunizing horses. Because
this serum is not generally available,
standard treatment consists of glucose
and amino acids given intravenously to
combat the symptoms (77).

Historical

The first reliable work on the amanita
poison was done by Kobert (73, 75),
who demonstrated in Amanita phalloides
the presence of a heat-labile, hemolytic
principle which he named ‘‘phallin,”
and a heat-stable, alcohol-soluble toxin
which Ford later termed the “amanita
toxin (8). Kobert postulated, but
offered no evidence of a third poison, like
thujone, pulegone, and similar sub-
stances occurring in poisonous higher
plants (74). Ford (8) confirmed the
presence of the amanita hemolysin and
amanita toxins in Amanita phalloides. Ow-
ing to the instability of the hemolysin in
the stomach and to cooking, he attrib-
uted the toxic nature of the mushroom
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to the amanita toxin. The hemolysin
was found to be a glucoside with the ele-
mentary composition carbon 48.93, hy-
drogen 6.08, nitrogen 10.83, sulfur 1.94,
and oxygen 32.22 (7). This gives an
empirical formula of CgeHgyO33N13S. The
amanita toxin was shown not to be a pro-
tein, glucoside, or alkaloid, but to yield
indole and pyrrole on fusion with potas-
sium hydroxide (24).

In a series of papers (76, 25-29), the
Wielands reported their extensive inves-
tigations of the chemistry of the amanita
toxin of 4. phalloides. The alcohol-
soluble toxin was found to be made up of
three peptides which were called “phal-
loidine,” ‘“‘a~amanitine,” and ‘B-amani-
tine.” Phalloidine, melting point 255-
258° C., with the formula C3sH 50 10NsS.-
6H,O is a heptapeptide with the fol-
lowing molecules of amino acids in a
cyclic structure: 2 alanine, 1 oxytrypto-
phan, 1 cysteine, 1 allohydroxyproline, 1
threonine, and an unidentified unsatu-
rated a-amino acid. The hydrolysis of a-
amanitine, ngHszOuNms, YICldS as-
partic acid, glycine, hydroxyproline,
cysteine, and an unidentified amino acid.
It is believed that o-amanitine is the
amide of 8-amanitine. A 30-gram speci-
men of A. phalloides was found to contain
about 1 to 2 mg. of the amanitines and 0
to 5 mg. of phalloidine. a-Amanitine,
B-amanitine, and phalloidine required
2.5, 8-10, and 40 to 50 v, respectively, to
kill a 25-gram mouse. Phalloidine may
be of less importance in mushroom poi-
soning than the amanitines, not only be-
cause of its lower toxicity, but also because
of itslesser stability to heat. Wieland and
others (28) described a chromatographic
test for phalloidine and the amanitines.
The authors have evaluated this test and
developed it into a procedure for identi-
fying the amanita toxins in mushrooms.
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Chromatographic Procedure
and Results

The work reported here describes the
authors’ investigations in establishing the
validity of the procedure for identifying
the amanita toxins in mushrooms. This
required association of the chromato-
graphic spots obtained by the procedure
with toxicological symptoms produced by
the amanita toxins, and evidence to
demonstrate that all specimenscontaining
these toxins would produce the identify-
ing criteria and those not containing the
toxins would not do so.

Over 50 mushrooms, representing 46
species, including 13 amanitas, were sur-
veyed by the chromatographic procedure
for identification of the amanita toxins.
The extract of each mushroom was also
tested biologically by injection into mice.
Only two species, Amanita verna (the
Destroying Angel) and Amanita tenuifolia
(79), were found to be lethal. Consid-
erable work was done with these species.

In their work with Amanita phalloides,
Wieland and others (28) found three
spots on the chromatogram associated
with the toxins. The first two, a- and
B-amanitine, when developed with cin-
namaldehyde, gave violet-colored spots
with R; values of 0.41 and 0.24, re-
spectively. The third, phalloidine, gave
a bright blue spot with an R, value of
0.50. In the present work, employing
Amanita verna, three spots were obtained
on the chromatogram developed with
cinnamaldehyde: two violet spots with
R;0.43 and 0.18 and an orange spot with
R;0.07. No spot corresponding in color
or R, value to phalloidine was found on
analysis of numerous specimens of A4.
verna. To be sure that the bright blue
color and violet color were not confused,
another color test was run: a chromato-
gram employing diazotized sulfanilic






After 72 hours, however, the animal had
fully recovered.

Because all this work had been done
employing intravenous injection, it was
of interest to determine the effect of sub-
cutaneous injection of this extract.
When 0.1 ml. was injected subcutane-
ously, death occurred in 10 hours, giving
evidence of the potency of the toxins and
their ability to be translocated through
the system. Other specimens of A.
verna and A. tenuifolia, whether extracted
with water or methanol, gave essentially
the same toxic results described.

Table IV presents what is believed to
be the first comparative compilation of
doses for the amanita toxins. In addi-
tion to the data assembled from the liter-
ature, this table contains the authors’
computation of the doses of the amanita
toxins as amanitine. For the authors’
entry in this table it was assumed that the
minimum lethal dose was twice the smal-
lest dose obtained in the series referred to
above and that death would ensue in 48
hours or less, as has occurred in all their

tests. In calculating the doses of the
amanita toxins from the doses of mush-
room tissue given in the literature, it was
assumed that in all reported specimens
of A. phalloides and A. verna the toxins
were present in the same concentration as
reported (28) for the amanitines in A.
phalloides. In certain cases the investi-
gators did not state whether the speci-
mens tested were weighed fresh or dried.
In these cases it was presumed that fresh
tissue was employed. In many of the
tests in the literature only one or two ani-
mals were reported on; therefore, the
lethal dose that was computed may not
necessarily be the minimum lethal dose.
Despite these considerations, however,
Table IV shows how highly poisonous
these toxins are to several warm-blooded
animals. The dose to the guinea pig and
rabbit approximates that to man, which
was estimated from poison case studies.
The dog and mouse appear to be con-
siderably more resistant.

All of the mushrooms tested were col-
lected locally by the authors and among

Table lll. Chromatograms of Poisonous and Nonpoisonous Mushrooms

Mushroom

Agaricus campestris
Agaricus pocillator
Agaricus rhoadsii
Amanita flavivolva
Amanita flavoconia
Amanita margarita
Amanita phalloides®
Amanita praelongispora
Amanita rubescens
Amanita solitariformis
Amanita subsolitaria
Amanita tenuifolia
Amanita verna
Amanita vernella
Amanitopsis pubescens
Amanitopsis vaginata
Boletus alboater

Boletus bicolor
Boletus floridanus
Boletus fumosiceps

Boletus luteus

Boletus pisciodorus
Boletus preanisatus
Boletus roseialbus
Boletus scaber

Boletus scaber var. Badinos
Boletus subvelutipes
Clitocybe adirondackensis
Collybia subluxurians
Geaster sp.

Hygrophorus subruber
Hypholoma fasciculare
Lactarius lactifluus
Lactarius pergamenus
Lepiota brunescens
Lepiota cretacea

Limacella illinita
Polyporus sp.

Russula mariae

Russula radiata

Russula subalbidola
Russula sp. (white)
Russula sp.
Strobilomyces strobilaceus

Spot Colors

Orange-pink
Light yellow
Orange, yellow
Yellow

Light yellow
Yellow-orange
Orange

Yellow

Yellow

Light orange
Orange, yellow
Orange, violet
Orange, violet, violet
Yellow-orange
Brown streak

R; Volues
.30

16

.07, 0.22
.07,0.25
.07,0.18,0.43

DO OOD [N eon]
(3]
o

12 cm. long

Orange 0.16
Intense orange, 0.064
Very light pink 0.56
Orange 0.64
Yellow 0.57

Deep orange, pink 0.057,0.11
Light pink, orange 0.28,0.48
Yellow 0.07,0.59
Light yellow 0.44
Orange, light yellow 0.07,0.15
Pink, light yellow 0.19,0.36
Pink 0.14
Orange, pink, light yellow 0.07,0.26,0.42
Yellow 0.07,0.73
Pink 0.17
Orange, yellow 0.03,0.21
Light orange 0.22

Light orange 0.20
Bright orange, light orange 0.05,0.20
Orange At origin
Rose 0.05
Orange, yellow 0.08,0.84
Light orange, pink, 0.21,0.30
Yellow, light violet 0.40,0.46
Pink, light yellow 0.31,0.60

Light yellow streak

Orange, light yellow

Pink

Orange, orange streak

Pink

Yellow

Intense orange, light orange
Light orange

5 cm. trom origin
0.07,0.24
0.22

¢ The brown A. phalloides, not the greenish colored mushroom found in Europe.
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them were several specimens classified
as A. verna, but which produced no toxic
symptoms in mice. In the chromato-
graphic test, these specimens vyielded
orange and yellow spots but not the
violet spots associated with the amanita
toxins. Whether these were closely re-
lated but different species such as Ama-
nita vernella (718), which was tested and
found to be nontoxic, or whether they
were physiological mutants is not known.
It was most surprising to find the local
specimens of the brown A. phalloides
nontoxic. Concentrated extracts from
both the methanol and the aqueous ex-
tractions of different specimens on several
mice showed no signs of affecting the
animals. The chromatogram (Table
III) gave no indication of the presence
of the amanita toxins. In correspond-
ence with Cook (4) it was learned that
she had tested the local (Gainesville,
Fla.) A. phalloides against the guinea
pig without finding toxic symptoms.
In a published paper (5), Cook reported
A. verna, A. verniformis, and A. virosifermis
highly toxic to guinea pigs but A. cothur-
nata, A. flavivolva, A. roanokensis, and four
other Amanitas nontoxic. Of the latter
three species, the authors obtained no
toxicity with 4. cothurnata and A. roano-
kensis but a few minutes after injection
of the extract of 4. flavivolva (20), a species
closely related to A. cothurnata, the
mouse showed signs of discomfort and ir-
ritation and had jerky movements which
lasted for 3 hours. After that, the ani-
mal completely recovered. The rapid
symptoms were similar to those of mus-
carine and the chromatogram was nega-
tive for the amanita toxins. A. cothur-
nata has been reported to be the causative
agent in cases of human poisoning (7).
Another species known to be poisonous
but not deadly to humans, Lepiota mor-
gani, had no effect on mice.

Of all the species given in Table III,
only three, 4. verna, A. tenuifolia, and Le-
piota cretacea, gave evidence of the amanita
toxins when tested by the chromato-
graphic procedure (3). Allof the species
in Table III were tested in mice and only
A. verna, A. tenuifolia, and A. flavivolva
showed any signs of toxicity. The speci-
men of Lepiota cretacea tested was very
small and it is possible that this species,
which gave a light violet color with an
Ry value close 1o that of a-amanitine in
the chromatogram, may contain a small
quantity of this toxin, but that the quan-
tity present was insufficient to produce
toxic symptoms in the animal. The a-
amanitine spots on chromatograms of 4.
verna were much more intense.

Identification with Chromatography

The chromatographic prints may
have further use in the identification and
classification of the higher fungi. In
identifying bacteria, workers, of neces-
sity, rely heavily upon physiological



Lethal Doses of the Amanita Toxin to Animals and Man

Table IV,
Animal Species Workers Year
Man A. phalloides Ford and 1914
Clark
Guinea pig 4. phalloides Ford 1909
Guinea pig  A. phalloides Ford 1909
Guinea pig 4. phalloides Ford 1911
Guinea pig 4. phalloides Raab and 1933
Renz
Guinea pig 4. verna Raab and 1933
Renz
Guinea pig 4. verna Cook 1954
Rabbit A. phalloides Ford 1911
Dog A. phalloides Binet and 1944
others
Mouse A. phalloides Wieland and 1949
others
Mouse A. verna Block and
others

Refer- Material
ence Dose Tested
(72) 1-2 mushrooms Fresh tissue
(9) 0.4 mg./animal Purified toxin
(9) 0.3 g./animal Fresh(?) tissue
(10 0.5g./420 g. Fresh(?) tissue
(22) 350 mg. /kg. Fresh tissue
(22y 250 mg./kg. Fresh tissue
(5) 122 mg./kg. Dry tissue
(70) 0.5g./1035 g. Fresh(?) tissue
(2) 0.168-0.194 Purified
mg. /kg. amanitine
(29) 2.5v/25g. a-Amanitine
8-10v/25 g. B8-Amanitine
40-50+/25 g. phalloidine
This 0.08 g./20 g. Fresh tissue
paper

Calculated Time
Lethal Dose for
(os Amanitine?),  Death,
Mg./Kg. Days Remarks
0.03 8-10 Estimate of M.L.D.
from case histories
1.0 1 Not minimum dose
Wt. of animal est,
0.015 25 Not minimum dose
Wt. of animal est.
0.063 0.75
0.0175
0.0125
0.06 2 Not minimum dose
0.025 0.75
0.168- .
0.194
0.1 5
0.3-0.4 3
1.6-2.0 2-3
0.2 2

e In all cases (except data of Wieland and others) lethal dose was calculated as amanitine, assuming 0.005%; amanitine in fresh specimens,

tests. The higher fungi, however, are
identified by morphological descriptions,
although Davidson and others (6) have
emploved a physiological test to differen-
tiate the mycelia of white rot fungi from
brown rotters. The chromatographic
patterns in Table III, with different
species producing spots with different
colors and R, values, suggest such a pro-
cedure as an aid in classification, just as
odor and color are used to identify the
sporophores. Considerably more inves-
tigation would be necessary to ascertain
the dependability of such a method.

Summary and Conclusions

Over 50 mushrooms, representing 46
species of fungi, which included 13 species
of Amanitas, were tested chromarto-
graphically for the amanita toxin and
simultaneously for evidence of poisonous
characteristics by intravenous injection
into mice.

The only fungi producing death were
Amanita verna and Amanita tenuifolia, both
of which gave a positive chromatographic
test for the amanita toxins. A. verna
gave evidence of containing a- and (-
amanitine, whereas 4. tenuifolia showed
only the chromatographic spot for f-
amanitine. Neither contained phal-
loidine. By running it through a pow-
dered cellulose column, the 4. zerna ex-
tract was separated into chromato-
graphically pure components. Those
components, chemically identified with
the amanitines, killed mice in 32 to 48
hours after injection, whereas the other
fractions were harmless.

Lepoita cretacea showed a weak chro-
matographic spot suggesting that it may
contain a small quantity of a-amanitine,
but the small dose employed had no
harmful effect on the mouse. None of

the other specimens gave a positive test
for the amanita toxins and none pro-
duced any ill effects on mice, except
Amanita flavivolva, which caused rapid but
fleeting symptoms characteristic of mus-
carine.

Amanita phalloides, the brown variety,
collected locally, and some specimens of
A. verna were found to be nontoxic.
These gave no chemical evidence of con-
taining the amanita toxins. Amanita
cothurnata and Lepiota morgani, both of
which are toxic to man, were harmless to
mice.

A table was prepared from data in the
literature and computations were made
to give the lethal doses of the amanita
toxins to animals. Man, guinea pig, and
rabbit are shown to be much more sensi-
tive to this poison than dogs and mice.

The individual patterns and spot
colors produced by the chromatographic
procedure employed may be an aid in
the identification and classification of
the higher fungi.
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