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The agaric genus CliTOcybe includes a very large number
of named species. About 200 to 300 species can be con
sidered to belong to this genus.' Some of them are very
closely related and could possibly be united. Quite a
number are rare. A description of many of the phenotypes
is available in a number of books.'"

The majority of CliTOcybe species of fungi have been
regarded as generally non-toxic and even as good eating.
There is scant information on this subject in the scientific
literature. There are a few species that are reported as
being poisonous to man; unpleasant symptoms of transient
nature may occur, but at least 2 species are described as
being deadly poisonous. The features are stated to be
identical with those produced by lnoc)'be and AmaniTa
muscaria which are rare causes of death. Although all
white species of Clitocybe are not poisonous, they may
contain toxic substances and should be avoided.'" One
species C. gigantea f. candida has been shown to produce
an antibiotic named clitocybin which causes lysis of
tube:-cle bacilli.'

Specimens of a Clitocybe fungus collected at different
times during September, October and November 1964
from the same local area (Monterey Estate) in the Cape
Peninsula have been identified as a new species, Clitocybe
TOxica: An experimental investigation of this fungus is
reported in this paper.

METHODS AND RESULTS

Several batches of C. Toxica were studied at different times.

Oral AdminisTraTion
White mice each weighing approximately 25 G were given

the fresh fungus to eat after being deprived of food overnight.
Groups of animals were studied. Each animal was given I, 2,
or 4 G of the material. Of a total of 34 mice that ate the
fungus 23 died in 12 - 72 hours. The larger doses did not
necessarily kill a larger number of animals. Albino rats of the
Wistar strain each weighing 200 - 300 G and starved overnight,
were given I, 2, 4, or 5 G of the fungus; no ill-effects were
observed in 24 animals. Of 3 guinea-pigs each given 9 Gone
died in 3 hours.

Aqueous extracts were prepared by grinding portions of
fungus caps with fine sand and water. The fluid obtained after
centrifugation was opalescent and brownish-green in colour;
I m!. of final extract represented 0·3 G of the original fungus.
Such extracts, prepared at different times and first tested for
potency by subcutaneous injection in mice, were used in the
following experiments.

By InjeCTion
Administration of 1 ml. of extract into the ventral lymph sac

of each of 4 frogs (Xenopus laevis) caused death in 4 - 8 hours.
In 2 adult male rabbits the intravenous administration of 1 m!.
per kg. and 0·2 ml. per kg. body weight caused violent clonic
convulsions and death in a few minutes.

Subcutaneous injection of 1 ml. in each of 16 mice produced
apathy, closing of the eyes, and death in 2 - 12 hours. Heating
the extract at boiling point for 5 minutes rendered it non
toxic.

Subcutaneous injection of 2 m!. in each of 4 rats caused
death in 24 - 48 hours. Intraperitoneal injection of 2 m!. in
each of 6 rats caused death in 2 - 4 hours; not unexpectedly
the extract produced marked congestion and haernorrhagic
exudate in the peritoneal cavity.

In 4 cats anaesthetized with pentobarbitone the extract, un
boiled and boiled, injected intravenously in doses of 0·25 m!.
per kg. body weight, produced a fall in blood pressure. How
ever, after the administr:;tion of atropine no fall in blood
pressure followed injection of the extracts, but a rise in blood
pressure occurred indicating the presence in the extract of a
pressor substance which is not destroyed by boiling. Some
increase in the respiration occurred associated with the fall in
blood pressure produced by the extract, but after atropine
there was little change produced by the extract. Even with a
marked fall in blood pressure the respiration continued virtu
ally unchanged, indicating a primary direct effect of the
injected extract on the cardiovascular system (Fig. I).
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Fig. J. See text.

IsolaTed Tissues: The normal contractions of segments of
small intestine of the cat and guinea-pig were inhibited by the
extract: the concentration used represented I in 200 of the
original fungus (Fig. 2). Also, the rhythmical contractions of
rat non-pregnant uterus were temporarily delayed by this con
centration of fungus extracl.
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Fig. 2. See text.

CyTochrome oxidase: The method used'· showed that un
boiled extract oxidizes p-phenylenediamine; it presumably
therefore contains cytochrome oxidase. After boiling the
extract for 2 minutes an inhibitor of the enzyme was released,
but boiling for 5 minutes destroyed or removed the inhibitor.

Ascorbic acid: The content of this reducing substance in the
freshly excised liver and adrenal glands of albino rats that
received injections of extract was estimated by the method of
KennawaY and Tipler;" the amounts of ascorbic acid are ex
pressed as mg. per lOO G of tissue in the accompanying
Table I. 0 depletion of ascorbic acid occurred in the liver,
but a decrease was observed in the adrenal glands. .

Histological examination of the liver obtained from these
injected rats revealed no significant change.

DISCUSSION

Clitocybe dealbata and C. rivulosa are known to be toxic
and have caused death which has been attributed to the
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action of a muscarine-like substance;' the symptoms in
cluded sweating, miosis, slow pulse rate, vomiting and
diarrhoea.' The transient symptoms caused by C. olearia
(illudens), the Copper Trumpet or Jack-o'-Iantern, are

TABLE I. INJECTIONS OF EXTRACT

Liver Adrenals No. of Hours afler
Dose of eXlraCI (col1lroI28) (colllrol 340) rars injeclion

0·5 ml. per 100 G } 26 203 4 2
by intraperitoneal

injection 24·5 200 2 2-}

0·25 ml. per 100 G } 32 315 2 6
by subcutaneous

injection 25 252 4 24

attributed to muscarine-like substances since they include
nausea, vomiting, diarrhoea, abdominal pain, headache,
variable pulse and laboured breathing." The profuse
sweating produced by C. sudorijica has also been attri
buted to the action of muscarine-like substances.' Whether
these species really owe their toxicity to muscarine re
mains to be established by chemical investigation of the
fungi. Muscarine has long been suspected in C. rivulosa.
but thus far this has not been established by chemical
isolation of the alkaloid."

Certain plants contain cyanogenetic glycosides, and
certain Clitocybe species are stated to contain cyanide, for
example a small amount of hydrocyanic acid producing the
smell of bitter almonds is found in C. injundibulijormis.
C. toxica causes inhibition of cytochrome oxidase, but a
cyanide-containing complex has not been demonstrated;
no reaction was obtained with the benzidine-copper acetate
and the alkaline picrate tests for hydrocyanic acid. The
pharmacological effects of the fresh fungus and of its
aqueous extracts indicate the presence of a lethal substance
~at has an action unlike that produced by muscarine.
After boiling for 5 minutes the extract is unable to inhibit
cytochrome oxidase. and such an extract is no longer
toxic when injected into mice. When injected intravenously
in anaesthetized cats, unboiled and boiled extracts produce
a fall in blood pressure, which is blocked by atropine;
after atropine only a rise in blood pressure is produced.
This effect of C. toxica is unlike that produced by musca
rine which does not cause a rise in blood pressure in
atropinized animals since it has little or no nicotinic
action; also muscarine stimulates cat and guinea-pig small
intestine and the rat uterus, whereas C. toxica inhibits
these structures. The changes produced by C. toxica in the
blood pressure, with little change in the respiration, differ
from that produced by cyanide which causes death from
respiratory arrest; cardiac irregularities are commonly
observed with cyanide, but the heart beat invariably out
lasts breathing movements which become very rapid and
then slow and irregular.

A very small amount of C. toxica causes death when
given by injection and much larger quantities are less
toxic or non-toxic when given by mouth. This has also
been noted in the case of hepatotoxic fungi."

No significant decrease in the concentration of ascorbic
acid of the liver was produced in rats by C. toxica. al
though some decrease was produced in the adrenal glands;
this is different from the effect of Amanita capensis. a

hepatotoxic phenotype of A. phalloides. which produces a
decrease in the ascorbic acid concentration in rat liver."
C. toxica produced no significant histological change in the
liver.

The following Clitocybe species are stated by various
authors to be toxic to man:

C. dealbara: poisonous, sometimes deadly.
C. rivulosa: poisonous, sometimes deadly.
C. sudorijica: profuse sweating.
C. olearia (illlldens): vomiting, diarrhoea, prostration.
C. cerllssara. C. nebularis. C. albissima, C. pirhyophylla

and C. phyllophila: possibly poisonous.
The following species are specifically mentioned in the

literature as being edible:
C. adirondackensis. C. clavipes, C. cymhijormis, C. jlac

cida. C. georropa. C. giganrea. C. injundibulijormis. C.
maxima, C. monadelpha, C. mulriceps, C. nebularis, C.
odora. The manner in which these fungi are prepared for
eating may determine whether certain potentially toxic
constituents are destroyed.

Fatal poisoning from the ingestion of mushrooms has
occurred in man all over the world. Severe poisoning is
mainly caused by mushrooms belonging to the genus
Amanita which includes a few species of great toxicity."'"
but a variety of other types of poisoning has been
described caused by toxins, some of which are known,
others as yet not properly determined."'"

CONCLUSIONS

Although a large number of Clirocybe species have been
described, little is known about the chemical and pharma
cological features of these fungi. Further investigation is
desirable since some species are edible, some contain active
principles toxic to man and animals, and at least one has
been shown to be bacteriostatic.

The toxic effects of a new species named Clitoc)'be
toxica are described in this paper. They do not appear to
be due to a muscarinic or cyanide action but to a poten
tially lethal factor that is destroyed by heat; among other
actions it inhibits cytochrome oxidase. The reversal of the
depressor action of (injected) fungus by atropine suggests
the latter as a useful agent in the event of poisoning.
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