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TITE DISTRIBUTION OF POI8ONS IN  

BIUXHROOMS1 


IIISTORICAL INTRODUCTION 

EDIBLEand poisonous muphrooms have 
been of great popular interest from time 
immemorial, and the earliest histories at-
test the extensive use to which the harm- 
less varieties were put, both by the peas- 
ant population of the world, forced by dire 
necessity to eat everything that grows, and 
by the wealthy classes, driven to the same 
end by the demands of the epicure's palate. 
Paulet-ith whose "Trait4 des champ- 
ignons" all mycologists must begin their 
studies, relates that mushroonls have from 
antiquity been sold, especially during Mid- 
Lent, in the public markets of Pekin, St. 
Petersburg, ~ ~ d r e n c e  and in other cities 
and towns in Tuscany. The ancient 
Babylonians and early Romans einployed 
the edible species in great quantity, and 
the nmanita which seenis to 'me the most 
beautiful of all agarics, especially when 
the developing plants are seen in the 
mountains of North Carolina, the Amanita 
c@sa?-ia,owes its name to a Latin ruler. 

The most interesting of the early cases 
of mnshroom or, as cornmonly described, 
toadstool poisoning and one of the first 
authentic cases on record, occurred in the 
family of the Greelr poet Euripedes, who 
lost in one day, wife, daughter and two 
sons, who in the poet's absence partook 
of the deadly species. Among the great 
ones whose lives were sacrificed to the 
same iqi~orance may bc mentioned the 
Pope Clement VII., the Einperor Jovian, 
'Address delivered before a special meeting of 

the Boston Rlycc~logical Chlh, June  14, 1909. 
Paulet, "Trait6 des cbampignons," Paris, 1793. 
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the Emperor Chnl~lcs VI., Ecr~oni l l  of 
N;iplrs ancl the ~viclo\\~ of tlic Ts:rr Alexis. 
The cleat11 of the R ~ ~ ~ p e r o r  Claltdius is also 
assignccl to this cause, but the reason wnd 
the nlanner of the accidcnt are not certain. 
I t  is relatctl that this1 ~vorthy emperor 
n i sh i~ igto rid hi~nself of an  uncongrnia~ 
spo~lse, clisl?osed of her by ode of the 
171ariy lnethocls s nitable for this beneficeilt 
purpose, ancl promptly tool; lxnto hilnsclf 
a younger, but alas, no better helpmate. 
l I i s  second choice firiled to appreciate the 
kindly qualities of the emperor and com-
passed his death by slibstituting poisonons 
for  edible ml~shroolris in  his favorite meal. 
According to the piwe toxicologists the 
same end was effected by the simple addi- 
tion of mineral aeicl to the agarics served 
at the emperor's dinner, but as R loyal 
mycologist, 1 prefer to believe that  the 
wily worrian perfornled the inore slrilful 
trick of substitution. 

Next to Panlet, mycologists owe inore to 
R~xl l iard,~the famous French scientist, 
who was the first to systeinatically study 
and classify rn~xshrooni~s and niany of 
whose species arc accepted to-day. TiTe 
got fro111 llirn our I I ~ ~ I I C"(1estro.ying 
angel" for thc Ll,rlcrnitn ucr?zcl and mocleni 
investigation has but confirolcd the con-
clusions of this fine old savant. I n  addi- 
tion to Palllet and Bnlliai-tl the list of 
Frcnch anthor*s who have contrihuled to 
o ~ i r  lrnomlcdqe of the toxicology of the 
snl,ject is long and incl~ldes snch nallles as 
C~rclier. ,~ I3onr.-8ard~7,VC:illot,~C:nillnnil,~ 

Ilt~lli:~rtS," Ifistoire d ~ s  ch,~mpignon~tle 
Vrancc~," 1791-1812. 

Cortlier, " Esui sur la. toxicit4 tle quelijuc.: 
clmnlpiqnon> avant pt n p i 6 i  lrur rlessicatioll," 
Lyon, 1899. 

VLiuily, BqrlZ. Soc. I'kilomal. des I'osges, I SSR-
84, 9. 

a (illlot, " Ei i~de~nrdic:tlc sur l'crilpoisonerrient 
par lor champignonq," TAyan,1900. 

' Cnilland, Ru71. &'or. Bf~/eol. de France, 188.5, 
1, p. 123. 

c j n ~ l o t ~anti nrlany oth~rh,  logetlier with the 
various contributors to the monthly IZtllle-
t i n  d e  In AociBlt: :Ilycologique cle Pra?tcc, 
now in esistencc~ since 1886. Important 
papers have bee11 published also in Ccr-
Inany, ill Italy, in England ancl in this 
country, and we now Ixve a very consitl- 
eri~hlc Lile~,ature of both clinical ancl scien- 
tific interest. 

A m n n i l n  TJhalloidcs Bulliard 
The "white or cleadly arr~anita" is the 

cause of the greatest n~llnber of the cases 
of n~ushroom intoxication, jf \Ire include 
in this group the fornis described as 
Anzauita vet.ncl, A w ~ a n i l a  Dulbosa, Amanita 
trlDte, il??ta)zita v i r e s c ~ n s ,  dmclvi ta rnappn 
and many other species Bno\vn by dl1011'3~ 1 '  

narries in  different localities. The gronp 
is indicated in Germany by the clesigna- 
tion "Knollen-blattersch~~~aini~i.I t s  dc- " 

scription and iclei~tification need not con-
cern us a t  the present time, since there are 
lnany deaths on rccorcl with the same eymp- 
toms during life ancl identical post-mortcm 
findings \\rhich indicate that one species, 
sy~eaking now froin the toxicological point 
of v i m ,  is rcsl)onsible for the poisoning. 
The intoxication is characteristic in its 
conrscl ant1 in its result. The fungi arc 
llsunllp eaten by ignorant individu:~ls, 
tho gather nrllat t h ~ y  find i l l  the woods 

and consume tliern either i'aw or  after 
thorough cool;inq. A s l r~i~l lamount of thc. 
fresh ~riaterial is wfficiciit to causcl pro- 
found ilhicss mith fatal ontcorne, so potent 
is the poison contxinecl in its meshes, and 
tllc ramr plant seclris usually more toxic 
than the cooked speciincbns. Two ov three 
"deadly amanitas" slll'lice to bring on 
clisastrolis results, and Plowriqht! ' re-
ports tlie death of a rhild of t\~lelve from 
rating a third of the pileus of :t small raw 

Bourqilclht, ar t ic le  entitled " Charnpignonq " 
in Ricllet'i Dict, dc phjs., P,~ris, 1898, 3, p. 271. 

% Plourright,La?tcet, Ilecember, 1879, 1-01. 2, p. 
941. 



plant. The extreme toxicity of this 
specips illustrates the dangerous conse-
quences which the admixture of t ~ oor 
three specimens to a dish of edible 111ush- 
rooms entail. 

Follo~ving the consunlption of the fungi 
there is a period of six to fifteen hours 
cluring which no sy~nptonls of poisoning 
are shown by the victims. This corre-
sponds to the period of incubation of other' 
intoxications or infections. The first sign 
of trouble is sudden pain of the greatest 
intensity localized in the abclomen, accom- 
panied by vomiting, thirst ancl choleraic 
diarrhea with nlucous and bloocly stools. 
The latter symptom is by no means con-
stant. The pain continues in paroxysms 
often so severe as to cause the peculiar 
Hippocratic facies, "la face vulteuse" of 
the French, and though sometimes amelio- 
rated in character, it us~xally reclrrs with 
greater severity, The patients rapidly 
lose strength and flesh, their conlplexion 
assulning a peculiar yellow tone. After 
three to four clays in children and six to 
eight in adults the victims sink into a pro- 
founcl coma froin which they can not be 
roused and death soon ends the fearful 
and useless tragedy. Convulsioils rarely 
if ever occur and when present indicate. I 
all1 inclined to believe. a mixed intoxica- 
tion, specimens of dnznljifa mz~scarin be-
ing eaten with the pJta7loides. The major- 
ity of individuals poisoned by the "deaclly 
amanita" clie, the mortality varying Prom 
60 to 100 per cent. in various accidents. 
but recovery is not impossible when small 
anlonilts of the fungus are eaten. especially 
if the stonlach be very proinptly emptied, 
either naturally or a~tificially. 

There have been many cases of phal-
loides intoxication reported in Italy, 
France. Germany and England. and fatal- 
ities from this cause in Canada and the 
Vnited States are not uncommon. For 

seTeral 3-eal-s I have collectecl newspaper 
acco~~ntsof toadstool poisoninp and I 
shcnlcl estimate that t.c~relve to fifteen 
deaths occur annually in this country from 
this species alone. The most horrible of 
all epidemics ever reported occurred in 
France at the Orphanage of St. Louis 
near Pont cle la 3Iaye. Gironde, where 
eleven children died fro111 one meal of 
dnzalzitu phalloides gathered by the igno- 
rant attendants. 

TOXICOLOGY OF  AM,I,INITA PEIAJJIIOIDES 

TJTith the earlier investigations of Letel- 
lier.1° published in 1826, probably the first 
work of a chemical nature upon fungi, of 
Letellier and Speneux,ll of Bourdier,12 of 
Or6,13 French niycologists to whom we 
owe the names iivzanitin, BuEbosi?le and 
Plrnlloidin, we need no longer concern 
ourselres, not because these men did not 
have in hand the acti-ire principle of 
ditza)zita pknlloidcs at  some time or other, 
but because the fungi employed by them 
emtol*aced a number of species and in-
cluded in all probability Amanita l?zz~.s-
carin. ilIrlscarine indeed seeins to have been 
present in many of the poisonous extracts 
which they tested. 

Oup consideration of the properties of 
this fungus really must begin tvith the 
\~-orli of Iiohertl"mho was the first to 
study dnzu?zitu phnlloidcs in any painsta- 
king manner. From carefully selected 
specimens of this species he obtained by 
alcohol precipitation a snbstance which 

1°Letellier, " ThEie de Paric," 1820. 
Letellier and Speneuu. .4 nnules d'hyg. pub. ct 

de nied. l e g ,  p. 71, 1867. 
l2Boudier, " Des charnpignons a u  point de vue 

de leurs caract&res usuel,, chimiques e t  tosicolo-
giques." 1866. 

130r6, Arch. de physiol.  norm. ei path.  (ST.), 
XI., p. 274, 1877. 

Icobert, 8t. Petershvrger wed. Il'ochensri~r,, 
SVI., pp. 163, 47 I, 1891. 



had the remarkable property of dissolving 
red blood corpuscles, a substance lcno~vn 
as an hemolysin, and which he named 
phdlin. Very minute traces of this sub- 
stance brought in contact tvith the red- 
blood cells of man or with those of many 
species of aniinals, produced within a 
short space of time, fifteen minutes to one 
or two hours, a complete solution of these 
corpuscles-a laking of the blood. So 
powerful mas this hemolytic action that 
even in a dilution of 1-125,000 it was still 
operative upon the red cells of ox blood. 
This peculiar phenomenon was so striking 
that Kobert's attention was naturally 
riveted upon the substance producing it, 
since i t  corresponds so closely to I~cZvellic 
acid, the first hemolytic substance de-
scribed in fungi, and the active principle 
of the poisonous llelvellns. The fact that, 
phallin was preeipitat,ed by ethyl alcohol, 
resisted dialysis. etc., and that his extracts 
contained a liltlr coagulable proteid, led 
Kobert to characterize it as a lozalbumiqz, 
a name now largely employed by se l~mol-  
ogists to indicate a complex poison either 
itself protcid or so closely bound to pro- 
teid, that i t  must be regarded as protcid 
or albumin in its chemical natnrc. De-
spite certain peculiarities in the behavior 
of phallin which niilitated strongly against 
its acceptance as the actire principle of 
Aman i ta  phalloides, especially the clestruc- 
tion of the substance a t  70" C., that is, much 
below the boiling point, Kobert concluded 
that i t  was the essential poison of this 
fungus and staled that t11e clinical symp- 
toms and the post-n~ortein changes could 
be explained by its action. The publica- 
tion of Kobert that dmccrzita pl~alloides 
owed its toxicity to a powerful blood-dis- 
solving substance which, absorbed through 
the walls of the stoniacli circulated in the 
hlooci plasma, destroying the Moocl cor-
puscle as they met it, was a peculiarly en-
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ticing explanation for the mysterious 
phenomena induced by this most powerful 
of a11 pojsonous fungi, and his explana- 
tion was universally accepted, especially 
in popular treatises on mycology. Ko-
bert,16 however, continuecl his study of 
specimens of Amnlzita phnllokies and a 
few years later announced that the blood- 
lalring principle phallin was occasionally 
absent from specimens of this species, but 
that all typical forms contained an alcohol- 
soluble poison, which killed aniinals in 
small doses but did not produce the typ-
ical lesions seen in man. This second sub- 
stance Kobert believed to be a poisonou~ 
alkaloid, but gave no satisfactory reason 
for his characterization of this poison as 
such. 

The second communication of Kobert's 
had little or no circulation ancl was never 
linown, I believe, to the majority of my- 
cologists. Personally I was quite ignorant 
of its existence for some time after I be-
gan investigations in this field. During 
the summer of 1903, now six years ago, I 
collected a considerable number of speci- 
mens of A?nuniia pltal1oidt.s in Blowing 
Rocli, N. C., only the plants corresponding 
closely to the classic descriptions and 
which could be regarded as typical being 
acceptccl. During the following winter a 
careful stucly of thrse funqi was instituted. 
The thoroughly dlried material was ex-
tracted with distilled water, the extract 
passed through a Bel'kefelcl filter, and its 
action studied upon all varieties of blood 
corpuscles, and upon animals. Snbse-
qucntly during the summer of 1904 and 
1905 1 collected in the Rhre Riclge Moun- 
tains of Maryland and a year later in 
Woods 11011, &lass. The following season 

'G ' 'S~tz~in ,~sber ic l~teder ~~:ttu~forschmxclenGe-
ffellicheftzu Restock," p. 217, 1899, Anhang t o  the 
i ivchic  dcs Tcrcins dcr  fi'rrunde dcr Nnfurge-
schiclite i n  ~leclcleiaherg,ITI., 1899, IT. Abtbeil-
hung. 



Dr. Abel, professor of pharmacology in the 
Johns I-Iopkins University, collected in 
n'ew Yorli state, and then again in n'ew 
Hampshire. We have thus had a consid- 
erable amount of material for study, gath- 
ered from widely separated areas. 

During the first winter's worksa I was 
able. to confirm Kobert's assertions as to 
the presence of a powerful hemolysin in 
B m a n i t a  plzalloides. I found i t  acted 
upon blood corpuscles frorn nearly every 
animal tested, and that i t  corresponded 
solnewhat in its action to hemolysins de- 
rived frorn bacterial filtrates. At the same 
time i t  was at  once apparent that 
this fungus always contained another 
poison which differed from the hemoly-
sin in being resistant to heat and diges- 
tion, the blood-lalring substance phallin, 
being destroyed by heating to 70" C., 
and by the action of the digestive fer-
ments. To this second substance I gave 
the name amanita-toxins7 reserving for 
the blood-laking principle the name aman- 
ita-hemolysin, in order to clearly differ-
entiate between these poisons, regardless 
of any question as to the active principle. 
The work was now taken up from the 
chernical standpoint and under Dr. Abel's 
direction a nurnber of important problenis 
have been solved. In  the first place he 
and IsShave shown that aqueous extracts 
of i l m a n i t a  phalloitles contain two poisons 
which nlay be separated by concentration 
to a slnall bulk and precipitation by ethyl 
alcohol. The precipitate contains the 
amanita-hemolysin, the filtrate the ama-
nita-toxin. This henlolytic substance we 
have shown to be not a toxalbumin, as 

l6 Ford, The Jour~tal  o f  It~fectious Diseases, VoI. 
IJI., No. 2, April, 19OG, pp. 191-224. 

l7Ford, The Journal of Experimental A4fedici~te, 
Vol. VIII . ,  No. 3, May 26, 1906, pp. 437-450. 

laAbel and Ford, T7~eJour. of Biol. Ckem., 
Vol. II., No. 4, January, 1007, p. 273. 

Kobert believes, but a very sensitive glu- 
coside, that is, a substance which contains 
sugar in its molecule, and which when split 
up into its component parts will give the 
most important reactions for sugar, 
namely, the reduction of FehIing's solu-
tion and ammoniacal silver nitrate. 
Furthermore welg have developed a 
rnethod for the isolation and purification 
of this substance, and have finally been 
able to show that it is an extremely com- 
plicated poison containing fixed amounts 
of carbon, nitrogen, hydrogen and sul-
phur. The importance of these observa- 
tions lies not only in the practical appli- 
cation of the method we have developed to 
the examination of other fungi, but also 
in certain theoretical questions of immu-
nity. This substance is the poison in 
Antawita phalloides to which a high grade 
of immunity can be established in animals 
and for which I have repeatedly obtained 
an anti-poison or an anti-hemolysin, the 
action of which is to completely neutralize 
its blood-laking properties. 

Schlesinger and IZOat the same time 
have shown that the amanita-toxin can be 
isolatecl and purified by certain well-de- 
fined methods, and in its pure state is one 
of the most powerful poisons of organic 
origin known, four tenths of one milligranl 
lrilli-ug a guinea-pig within twenty-four 
hours. i l t  first thought to be a conjugate 
sulphate, I have recently found, in associa-
tion with Nr. Proutg, that conjugate sul- 
phate can not be split off from the anlanita- 
toxin. The exact character of this poison' 
is still under investigation. These two 
substances, the amanita-hemolysin and the 
amanita-toxin, are the only poisons we have 
thus fa r  encountered in d r n a n i t a  phal-

laA k l  and Ford, Arch. f. exp. Path. et Pharm., 
Supplement-Band, Schmiedeherg Festschrift, 1008. 

*Wchlesinger and Ford, Jour. of Biol. Ckem., 
Vol. III., No. 4,  Septeml)er, 1007, p. 279. 
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Zoidcs. The hemolysin ~v\.cbelieve to play 
no r81e irr Ilnman intoxications, the toxin 
bring the active principle--since i t  can be 
boiled and resists the action of the gastric 
j~iice. I have Iurthermorc pointcci outz1 
that  the lcsions seen in fatal sases of poi- 
soiiina in inan can be rc~prod~~cecl in aiii-
inals by tlie a~nanita-toxin alone, but I am 
by no means certain that the anlarrita-
hcniolysin call be entirely eliminatecl in 
hnnian intoxications. This s~tbstance is a t  
times prcscnt in A 111cl)tila plicrlloitlr7s in the 
greatest abuntlance, and is inorc resistant 
to heat tllan is us~lally k(~11r~cd.  Sholxld 
the flxngi he eaten raw 01. only partially 
cooli~d, this poison might escape the action 
of the espc.ciallycli~estive f e r l ~ ~ e ~ l t s ,  if 
thesc be dtdicicnt in  c1u:lntity or quality, 
and assist Ihe a n ~ a n i t a - t n ~ i n  in its deadly 
work. bqainst this possibility we have the 

this f u ~ ~ g u s  a glllcosidc, sccoiiclly, anis 
alcoliol-soluble poison, not producing fa t ty  
degeneration, \%-hich he believes to be an 
allii~loid, and finally a third hypoth(ltira1 
poison, a toxitlba~r~iri liltc thujon and 
p ~ ~ l e g o n ,certain cornplex snbstaiiccs foulti  
in plal>ts (pennyroyal). Tn the secorirl 
poison lio1)el.t is probably dealing with tlie 
arnanita-toxin, i~h ic l i  is not an alkaloicl 
and whit.11 T think docs procluce fa t ty  dc- 
generation, and his third poiso11 is p i ~ i ~ l y  
snpposititious. I l e  himself presents 110 evi-
dei~ce of its existence, anci while we can 
not (Icily that  ilnztr jtilrc pkulloidcs illay 
contain at  tiir~cs otllcr poisons not noted by 
118, we arc3 inclixlcil to the opinion that the 
a~ l ian i ta -hc~~~olys i i~  ainanita-toxinand the 

fact that u?lii(t T % I ~ ) P S C Ei l ) ~  HS, co i~~idered  
l)y the 1nnjo1,ity of mycoloqists to l)c an  
cclible nlusht~oonl, contains a he~nolysin 
~qu:d ly  powcrf nl ~ v i t h  that of A wtr~~l i ta  
~)lrrilloitlrs. TVe can only say that the 
tical-rcrist:~nl ;rll~anita-loxin is the active 
lwinciple in t l ~ c  s e i l s ~  that by it\(']€ ii is 
rap:lhl(. of causillg a fatal  intoxication 
eren if tllc he~nolysin is inactive. Never-
theless the fact that the amanita-lrcn~o-
lysin may exert an ac1,juvant aclion in 
cases of poisoning raises a t  once tllc~ ques- 
tion wh~tll(>r Fnnqi coi~tai t~ing helliolyl ic 
sn1)stances s11011ld be rrgardcil as elltirely 
safe. 

KobcrtZ"n Ihe chaptcr on fungi in his 
recent text-book ascrihcs to i l ? ? t a ~ ~ d t npknl-
loir7~s first, a hlootl-lal<inq whstance, 
pltallin, which lic stales to loc a toxal1)amin 
despite the observations of Dr.  Ahel ant1 
n~ysclf ~vhic.11 prove that the hen~olysin in 

"Fortl, Jo?rr. of Ti l f~c l .Dzs., Vol. 5, No 2, 
Marclr 30. 1008, pp. 116-132. 

2' Kohcit , " Lc.llrl,nch dcr Into\ih:~tionen," 
Zweitr Aufl., IT2, 11. 625. 1906. 

arc the most irnporlant, if not the only 
ones. 

Spcci~~lcnsof s~nal l  amanitas collcctecl 
in the T511w Ridge Molul~tains of Marylancl 
ancl iclt~ntificd as Awzuni fa  v c m a  J3ullia~tl 
x7ere p1-es~cntcd in xpecial lots. MThen rs-
arnined their properties ~vcrc  quite thc 
samc as those of i lunnnifa pliulloirlcs. Thr 
sh8c~ng;fh of both l~e~nolysiirnncl toxin, 
hotvevcr, was consiilerably greater when 
tlrc weiqht of the drictl specinlcns ~ v a s  con-
siclerecl. 

Arncln ittr m uscuria 1~innx~c.u~ 

The spceies lano-c~n as tlic "fly agaric" 
(Fliegcnpilz o~ Flicqcnschmamin of the 
Clcr~nans) has been recognized frolti early 
tiriles as clcaitly poisonons, the firs1 acci- 
dcnt on r.ceorc1 being pomihly that of 
;\Tadaime the Princess of Conti in Fon-
ta ineblan in 1'751. This, however, did 
not tcrlninate fiitally. il,ul?al~ila muscccl-ia 
i q  a beautiful species when fully tlcveloped 
and to a certain extent i t  resetnbles 
.I nta?zitn cnsal-irr or il?tr an ila a u ~ ~ a ~ t t i a c a ,  
Frcnc.11 writers clistingnisbing hctwern the 
tn o sprcics by I-cferrinq to the edible forin 
as the "oronge vraie" ant1 to the poison- 
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ous species as the "oronge fausse." I t  can 
easily be recognized by even beginners in 
mycology and is now cornmonly avoided. 
Poisoning results from ignorance, the 
species in question being selected for its 
beautiful color anci form, or from mis-
talies in identification, Amnnitcc muscuria 
being talten for the casaria or the aura?$-
liaccx. In  addition there is another factor 
which is possibly the cause of the nlajority 
of accidents in this country, especially 
those occurring with individaals possessing 
some linolvleilge of mycology. I n  Italy 
and in France and in certain parts of 
Anstro-TInngary Amn7zila n ~ u s c ( ~ r i uis ap- 
parently solnewhat reddish in color, while 
dmn?ti ta ccrscrrin is of a lighter yellow 
tone. The most corninonly found Awaanita 
mziscaria in this country is of a light to a 
deep yellow in color, not showing the red- 
dish tinge, while d ~ n a n i t n  ctesar-ia is either 
of the reddish-yellow hue or even of a 
bealitifnl reddish-brown. 

Persons familiar with the two species in 
the old ~vorlcl inight very easily draw 
wrong conclasions in identifying those 
found in the new. I base this opinion 
largely upon a coinparison of the colored 
plates of the text-books of nlycology pub- 
lished in different countries and upon 
the speci~nensof "Cesar's agaric" ancl 
the "fly agaric" T have myself found in 
the Blue Ridge Illountains. This assnnip- 
tion is furtherlnore borne out somewhat by 
the literature of "inusearia poisoning7 
for in many instances the victinis were 
Italians or Poles who stated before death 
that they ate the fungi under the impres- 
sion that they were eating the "royal 
agaric." This was apparently the cause 
of the poisoning of the Count de tecchi 
and his physician in TTTashington which 
PrentissZ3 has reported with great care. 

23 Prentiss, Phil. JIed. Jour., 1R98. 3, pp. 607 - . 
611. 

The Count, an attach6 of the Italian lega- 
tion, a cultivated gentleman of nearly 
sixty years of age, consiclered something 
of an expert upon mycology, purchased, 
near one of the inarliets in Washington, a 
quantity of fungi recognized by hini as 
an edible mushroom. The plants were col- 
lected in Virginia about seven miles from 
the city of Washington. ?'he following 
Sunday morning the count and his phy- 
sician, a. warm personal friend, break-
fasted together upon these mushrooms, 
conlnienting upon their ag~eeable and even 
delicious flavor. Breakfast was concluded 
at  half after eight and within fifteen 
minutes the count felt symptoms of serious 
illness. So rapid was the onset that by 
nine o'clock he was found prostrate on 
his bed, oppressed by the sense of impend- 
ing doom. I-Ie rapidly developed blind- 
ness, trismus, difficulty in swallolving ancl 
shortly lost consciousness. Terrific convul- 
sions then supervened, so violent in char- 
acter as to break the bed upon which he was 
placed. Despite rigorous treatruent and 
tlic administration of morphine and 
atropine, the count never recovcred con-
sciousness and died on the day follo~ving 
the accident. The count's physician on 
retui-ning to his office was also attacked, 
clizziness and ocular symptoms warning 
him of the nature of the trouble. Ener-
getic treatment with apomorphine ancl 
atropine was at  once instituted by his col- 
leagues and for a period of five hours he 
lay in a state of coma with occasional 
periods of lucidity. The grave symptoms 
were ameliorated and recovery set in some- 
where near seven o'clock in the evening. 
IIjs convalescence was uneventfal, his res- 
toration to health complete, and he is, I 
believe, still living. Jn this instance the 
count probably identified the Ilungi as 
casn~*iaor azir.u.ntiaccl. From the symp-



toms and termination the species eaten 
must have been nluscaria. 

These two cases are not typical of this 
intoxication. I n  the majority of instances 
Amanita muscaria has a bitter, unpleasant 
taste and on this account is not eaten in 
great quantity. Consequently the intosj- 
cation is not so profouncl and the fatalities 
are fcwer in number. Moreover the action 
of the poison is mainly directed against 
the nerve centers and if this action be 
neutralized by atropine, or if the nerve 
centers are not completely overwhelmed, 
its effect gradually wears off, without any 
perinanent lesion. Not so with Amanita 
pJzalloides, where the amanita-toxin is the 
cause of such profound degeneration in 
the internal organs, heart, lridney ancl 
muscles, as to make recovery a far  more 
arduous task for nature to accomplish. 

The active principle of Amanita mws-
cu& is muscarine, an alcohol-soluble crys- 
talline substance first isolated from this 
species by Schmiedeberg and U ~ p p e ~ ~  and 
usually classed with the ammonia bases. 
I t  will reproduce in animals the intoxica- 
cation seen in man and is without doubt 
the chief poison present. Muscarine has 
also been prepared synthetically, by the 
oxidation of choline, but the artificial body 
does not produce quite the same symptoms 
ancl it is easily decomposed. Moreover 
muscarine is apparently not the only poi- 
son present in this plant. I t  has been 
shown on clinical grounds that even when 
this drug is completely neutralized by its 
perfect physiological antidote, atropine, 
the patients who have eaten Ama?zita mu$- 
cam'a sometimes die, and ITarlnsen, from a 
series of carefully conducted experiments, 
tonclutl(=q that another poison exists in 
Arnanita mzlscaria, the so-ealled "'l'ilz-
toxin." This fungus is probilbly most 

** Schmirdeberg and Koppe, " Das Musknrin," 
Leipzig, 1869. 
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widely known from the habits of the peas- 
ants of the Caucasus who prepare from it 
an intoxicating beverage which prodnces 
~vilclly riotous drunkenness. Death. froin 
n mmcarine orgy is not uncommon in this 
part of Russia and a member of the ruling 
fanlily is said to have lost his life in that 
way. Anzanitc~ rnuscaria collected in the 
Caucasus is said to be deficient in mus-
carine, but the universal testimony of 
medical writers would indicate that this is 
not the case, but that rather a kind of 
tolerance develops among the habitual 
users of the muscaria decoctions. We do 
not know, however, whether muscarine is 
present in Amanita rnuscaria in the same 
quantity at  different periods of the year 
nor have we any knowledge of the effect 
of soil and climate upon its clistribution. 
The only antidote for this poisoning is 
atropine, which, however, is so potent in 
this respect as to almost completely neu-
tralize the muscarine and hence the out- 
look in this intoxication is far  more hope- 
ful than in any other. 

RARELY POISONOUS SPECIES 

Atna?tita pantherina De Candolle, a 
species closely resembling Amanita mus-
ca&, is occasionally the cause of mush-
room poisoning, but the intoxication is not 
profound and but rarely does death ensue. 
The symptoms come on within a few hours 
after eating, and consist of great excite- 
ment, delirium, convulsions and a peculiar 
drunkenness not unlilre that described 
among the Korah.  The Japanese variety 
is said by InokoZ5 to represent Amanita 
musca~iafor Japan, being used there as a 
fly poison in place of the latter species, 
which is rare and devoid of any poisonous 
quality. Iiiolto has isolated musearine 
from this Japanese Amanita pantherina 

lSlnolro, Jfililtheil. a. d. Hed. J'ac. de T<. Jap. 
Univ. Tok., 1890, 1, No. 4, pp. 313-331. 



and has reported an extensive series of 
intoxications. The victims showed in ad- 
dition to vomiting, diarrhea, and a dila-
tation of the pupils, peculiar nervous man- 
ifestations. The feeling of "bien-&re" 
expressed by singing and laughing, the 
sensation as of insects crawling over the 
skin, visions of beautifully colored reptiles 
and snakes, red, yellow and brown, all con- 
tribute to give us a picture of a peculiar 
mental state, which differs from that de- 
scribed among the Russians, not so much 
in the kind of drug causing the symptoms 
as in the different psychology of the Orien- 
tal as compared with the Tartar. In  all 
cases the intoxication with Amatzita pan- 
the~inais mild and recovery the rule. 

The poisonous fungus Helvella or Gyro-
mytra esculenta Fries occurs so rarely in 
this country and is so seldom the reputed 
cause of illness at  the present time, that 
we need not pay any particular attention 
to it beyond referring to its active prin- 
ciple, Rclvellic acid, isolated by Boehnl and 
K i i l ~ . ~ ~This is a hemolytic or blood-de- 
stroying substance, soluble in hot water, 
which when given to dogs by inouth will 
reproduce the lesions found in man with 
all the signs of a hemolytic intoxication. 
Other species of inushrooms like Rzcssula 
emetica cause profound gastro-intestinal 
disturbances such as a sharp attack of vom- 
iting and diarrhcca, recovery following 
emptying of the stomach and bowel of the 
irritating plant. Certain of the rank-
smelling phalloidez which exhale an of-
fensive odor and are of course never eaten 
by man, are eagerly devoured by swine 
with unifornlly fatal consequences. Gillot 
(1. c . )  states that one or two species of 
Volvam'a have caused death when eaten, 
but nothing is known of the nature of the 
intoxication or of the active principle. 

*Boehrn and Kiilz, Arch. f .  cap, Path. u. 
Phamn., 1885, 19, p. 403. 

Finally the poisonous Boletus luridus or 
Boletus satanus may occasionally be the 
cause of transient disturbances in man, 
but the plants have such a rank, unpleas- 
ant taste as to forbid their consumption in 
any quantity. These species have been said 
to owe their toxicity to muscarine. The 
question as to whether the ordinary edible 
mnshrooms, as distinguished from the 
poisonous toadstools, may not in certain 
localities or a t  certain periods of the year 
be the cause of fatal intoxication, may be 
answered, I am sure, in the negative. Old 
or badly decomposed specimens may cause 
transient illness, and I remember well an 
attack of cholera-morbus which I experi-
enced in Paris from eating dried specimens 
of the meadow mushroom, purchased in 
the open market. There are, however, no 
authentic cases of poisoning from the 
black or brown spored agarics and when 
investigated in the laboratory, these species 
are found free from toxins. The three or 
four forms already mentioned are the only 
ones thus fa r  prwed to be poisonous and 
the only ones with which laboratory in- 
vestigation has confirmed clinical observa- 
tion. 

I n  addition to Amanita phalloides and 
Amanita uerna, I have also analyzed 
Amanita rztbescerbs P e r s ~ o n ~ ~  a tcollected 
Woods Holl, Mass., and a species from the 
same place which I identified as Amanita 
solitaria Bulliard. It corresponded closely 
in its general appearance to the plates 
and descriptions given for this species. I n  
Amamita rubesce?zs I found a powerful 
blood-destroying substance like the ama-
nita-hemolysin which could be freed from 
proteid and which gave the reactions for 
glucosides. Amaniia solitaria had a pecul- 
iar action upon blood corpuscles, causing 
their agglomeration in densely adherent 

Ford, Jour. of Infect. Dis., Vol. 4, No. 3, June, 
1907, pp. 434-439. 



clumps, tlk plit~no~rlenon spolien of in  
bacteriology as nggltrliarrtiort, but in acl-
clition the corpliscles were slon ly irissolrecl. 
Neither species contained any amauita-
toxin. 330th Amqitila solitcrrin ancl ,i.r?lcl-

wilu r u b ~ s c c ~ sare  regarded by ~liycologists 
as edible. If they can be eaten by man, 
these substances acting " i i ~  vitro" upon 
the blood corpuscles m a ~ t  e i t l~cr  be cle-
stroyecl in  coolting or be digested in  the 
stomach and intestines, or tlie species must 
vary in their properties. 

srEcIes cor,racTEn IN 1908 

F o r  a long ti111e 1 liad bccn anxious to 
examine some of the rarer species of Eringi 
which closely reseinblc the deadly poison- 
ous forms, and also solr~e of the species 
which are said to bc dungciotis, occ:asiol~al 
intoxic:ations from their use having been 
reported in  the  olcler litcratilre. The op- 
l~or tuni ty  of doing so was afforded ine 
tbrongh t l i ~  Binclness of Mr. Georqe E. 
Jlorris, of lTT:lltharn, Mass., who herit me 
last fall a muuhcr of fltngi ~ r l ~ i c h  he had 
hiruself proc~lrcd, togcther with specimens 
collecteil by Mr. Simon Davis, of R ~ o o k -  
linc, alass., and some froni tlrc general col- 
lection of the Boston &lycological Club. 
Thcse mushroo~ns were accurately identi- 
fied i n  the fresh state, carefully dried in a 
drying oven, wrapped in  separate paclr- 
ages, labeled with the nanle of the finder 
and thc place and clatc of findin.. . The 
spccilneris weye analyzecl "sc.riatini" in 
the laboratory. 'fhc rcsnlts of this work 
will be reported in  detail Inter., but to-
nioht tl-ri. prillripal conclnsions dram-t~ 
from the study of thrsta forms may be 
bi*icfiy eonrrnentpd ngon. I t  is essential, 
when 1ool;ing into the properties of tlie 
rarer fmigi, ospi'cial1~- tllt~ amanitas, that 
thr various specicls stutiieii should h a w  
lsi~t,nirlcntifird by c q ~ c r t  botanists, and I 
feel very fortunate in this, respect in 

har7ing material vouchecl for by such well- 
known ~nycologists. One species of Anza-
wi fcc  pI~cxlloidcs obt:linecl by Ill*. U:lvis a t  
Stow was found to contain the poisons 
typical of this species. T h c ~ r  strcnyth 
was so~rie\v('L'Eiat less than iisnal, 1111t tEic ac-
tion upon blood corpuscles and upon ani- 
n ~ a kwas icletltical with that usually Conncl. 
Two lots of A m n l ~ i t n  virosn Friec xere  ex- 
alninccl: oue obtainpd by Mr. AIorris in 
Cohawctt, and another by 11r. Davis in 
Stow. In  both ins tn~ces  hrl.il?olysirr and 
toxin were present in  maximum clu:t~iti-
tics. An extract of fnngns in which tile 
dried material was utilizeti in illc gropor- 
tion of six grmis  to fifty cubic centilnetera 
of maic~. $:aye a hcrnolysin actisrr ill it 

dilni,iun of 1-%00, arid srxhcutan~ous in- 
jectior~ of ihe extract liillccl glrineit pigs 
within twenty-four hours with the symp-
toms and lesions of an acute intoxication. 
.I rittr n ita vii-osa thus is idenf ical with 
i i m n ~ ~ i f aphulloidcs. Specin~ens of Ama-
11iin sprcla Ir'ccli: collcctetl by Ur. 3Io1,~js 
in Stow and by Mr. Davis in the same lo- 
cality 1r-cr.e identical in tEtcir :tction. In 
the proporton of six gralr~s of ilrierl fungi 
to sixty cubic centimeters of water a 
l~emolysin i-ias present in hot11 instances, 
in  a strength of 1-20 ancl the inoculation 
of animals with the heatrct eulr.act pro- 
duced a typical chronic intoxication. 
I 'hile the poisons are by no means a s  
po~verful as those in il)~zcl)lilavirosa they 
arc of the sxlrle character. Amul~itcr 
sprctcz is descrihccl by AYtlrji~son28 with the 
~vorcls"silid to be poisonons. " Although 
no cases of intoxication ]lax-e thus fa r  been 
rcported in thc l i t e r a t ~ ~ ~ c . ,  the species nlrlst 
br classed with the "deaclly poisono~ls." 
I lu~~ai t i fw  phalloirlrls T3riliiai-d, ilnta?titu 
qqrlna 1311lliard,,Imrrnitcl virnsa Frics atid 
.l?jln?ritn spidctnPeclc, rriay thus be groupetl 

Atliiilion, " hln i l l r c~on~\" 1903, p. 09. 
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together in their toxicological properties. 
Amun i ta  rubesccns Persoon from the collec- 
tion of Mr. IIorris at Stow and a yellow 
form of .iinzanila rubesccns Proin the Bos- 
ton ilfycological Club were exanlined by 
the routine method. The vtibcscens from 
Mr. Iforris's collection was devoicl of 
helnolysin and toxin alilie, while the yel- 
1011: form contained an active hcl~lolysin 
but no toxin. A more careful study of 
the species vubescrns lnust be macie before 
a positive conclusion can be drawn con-
cerning its properties. Four of the rareii 
species of A,nutlita may be described to-
gether becanse of their siinilarity, namely, 
ilrnnnitcb st f*obil i fo~-mis Vittadini found by 
hlr. Morris ill Ellis, ilnzrrltita chlol-i~tosnza 
Peck from the collection of the Boston 
Mycological Club, Anzn~t i ta  mdicata  Peck 
found by Mr. Morris in Ellis and Amani ia  
porphyria illbertini and Sweinitz froin 
the same place. 

These four species were alike devoid of 
hemolysins, but contained in srnall quanti- 
ties a poison which is practically identical 
with the amanita-toxin. I t  is resistani to 
heat, soluble in alcohol anti kills animals 
slo\~ly, but with many of the lesions foilnil 
in phalloides poisoning. These fungi 
should all be considered "deadly poison-
ous," and future experience may even 
show that llemolysins are also presciit in 
other forms of the sanie species, in tvhicli 
case they mould be practically identical 
with the "deadly anianita." 

Two specimens of i lrnaaitn mu.rcaria 
liinnans wcrc given me, one found by l4r. 
Morris and the other by Mr.Davis in Sto~v. 
Tlie properties of t h ~ s c  forms were iclenti- 
cal with those of i t n la~ l i t u  ~nztscuria ob-
tained for nie six years aqo hy Dr. W. 8. 
Leuris. in TiToocls IIoll, llass. The species 
thus seems very constant in its character- 
istics. All Ihree sarnples contained mus-
carine, the acyi1eou.s ant1 alcoholic extracts 

Billing animals in two hours with the usual 
sylnptolns. The alcoholic extract con-
tilinett in addition a peculiar hemolysin, 
the properties of which are still under in- 
veutigatioii, while in the aqueous extract 
evaporated to a snlall bulk and precipi- 
tated by ethyl alcohol I found an cbg-
glu t in i~z  such as hils been previously 
described for A?nurailn solitaria. The 
developlnel~t of our rnethods of analyzing 
fungi enabled me to i s o l u t ~this substance, 
which tnnicd out to be a glucoside, but not 
one containing pentose. Although agglu- 
tinilis are not ~xncommoii in various plants, 
this is, I believe, the first time that one has 
been isolated by chemical methods, and the 
first time that a glllcosjde has been found 
to exert this action upon blood corpuscles. 

Linza?lita f rostiu?laPeck, three specimens 
of which were fount1 by Mr. Jlorris in 
Stow and one at Cohasset mere individu-
ally examined. They contained in all in- 
stances an hemolysin of low grade inten- 
sity, but the heated extracts were without 
action upon animals. Neither amanita-
toxin nor muscarine coulcl be clemon-
strated. The absence of r~sistant  poisons 
from this species is particularly interest- 
ing since An~a?zita frostiu?ta was first de- 
scribed by Pecli as a minor variety of 
Amarvifa ~ n f u c a v i a ,  and is put clown by 
i2tltinsonm a s  "poisonous. " The speci-
mens sent me were certainly clevoid of 
muscarine, a fact ~ ~ h i c h  suggrsts that the 
species may not he so closely related to 
ilnqanita mz~sca~.ircas is indicated by its 
botanical characters. Further observa-
tions must be made with other forrns of 
ilrnanita. frosfiuna to determine whether i t  
is m~iformly free from the poison de-
scribpd by Schmiecleberq. Finally three 
~pecirnens of ilnzatzita r2:sswloides Pecli, 
onc Pound at Naticli by Xr .  Morris, anotliev 
at 8io.c~ by Xfv. X'Torris, and a third a t  
"Atkinson, " Jfushroorns." 1003, 11. 54. 
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Stow by Mr. Davis proved to be quite free 
from poisons of any description. I n  one 
instance a slight hemolytic action was ob- 
served, but this was attributed to the 
acid reaction of the fungus. In  all cases 
the heated extracts were without effect 
upon animals. This species is considered 
edible by most mycologists. 

GENERAL CONCLUSIONS 

The examination of these vavious species 
of fungi, represexiting now nearly t s~enty  
distinct forms, cleinonstrates one or two 
facts which should he particularly emphn- 
sized. In  the first place, our methods of 
chemical analysiq of mushrooms, and es-
pecially the inethods of isolating their 
poisons are now so developed that a 
little material, two or three small speci- 
mens in fact, and even one good sized 
plant, nlay be studied and an opinion 
be given as to the properties of the species. 
Tn the second place, a more extended in-
vestigation should be carried out in re-
gard to the properties of a11 the mush- 
roo~ns believed on clinical grounds to hc 
poisonous, but of which ao laboratory 
study has thns far  been made. Finally 
sucli a piece of work, to be of lasting value 
to scicnce, can only be accomplished 
through the cooperation of trained niycol- 
ogists who can identify with certainty the 
species of musl~rooins selected for study. 

'FYIJ~LIAMW. FORD 
~ A C T E ~ ~ I ~ L ~ ~ I P ~ ~ LT,AI?ORATOUY, 
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TIiE UAssACHUSETTR INXXITUTE 


OP TECWNOLOCY 


THEcause of electrical engineering rcsearch 
and the advanced instruction of graduate stu- 
dents in electrical engineering has been ad-
vanced by the appointment of Dr. Harold 
Pender to the professorship of theoretical and 
applied electricity which is connected mith the 

c1ep:~rtnlent of electrical enginrering at  the 
3fassachusetts Institute of Technology. Dr. 
Pcnder is a graduate of Johns Ilopkins Uni- 
versity and took the degree of P11.D. at  that 
~~niversi tyin 1901 under the direction of 
Professor Romland. I l e  thereafter taught for 
a year and a half, during xhich period he 
complctecl the classical experimcnts of Pro-
fessor Rovland which demonstrated the mag- 
netic effect of a moving charge of electricity. 
Af. PoincarB having suggested the  desirability 
of these cxperinlents being performed in Paris, 
the Carnegic Institution of Washington ar-
ranged mith Dr. Pender to go to France for 
thc purpose. Upon returning from France 
Dr. Pender went into the employ of the West- 
inghouse Electric Company and he has since 
been in rcglilar engineering employ. ISis 
teaching a t  tlie Institute of Technology will 
consist of a eonrse for third-year undergradu- 
ate students and courses for graduate students 
in the Inore advanced theories of electric cur- 
rent flow and the electric transmission of 
power, in addition to the direction of expcri- 
mental research by advanced students. 

The advanced lectures on the organization 
and administration of public srrl-ice corn-
panies, on the design of power stations and 
systems, and on electrical nieasurernents herr- 
tofore carried on by Professor Jackson, Pro- 
fessor Shaad and Professor Laws will be con- 
tinued by the same professors. 

As iiidicating the trend of el~ctrical engi- 
neering study at  the present time, i t  is notable 
that forty per cent. of the students just gradu- 
ated frorn the elcrtricnl engineering course a t  
the Mafisachusetts Institute of Technology al-
reacly bore degrees of l~achelor of arts or 
science, conferred, as a rule, in classical or 
literary courses. Thcse Inen are going into a 
wide raricty of acti~ities, from the mannfac- 
ture of electric instrun~ents and of incan-
descent lampsto ,,lectric traIlsmission of power 
and lieavy electric traction. 

Mr. IT. S. Oqbornc nnrl Xr.  W. 8. Rodman, 
who arc candidates for the degree of doctor of 
cngiileering in the electrical engineering de- 
partment, have recently been appointed fel- 
lows by the faculty of the institute. Mr. R. L. 
Joncs ha.: been appointed graduate scholar in 
clcctrical engineering. 


