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The Poisons of Amanita Phalloides and Amanita Solitaria

I. Insroduetion

1l lature of the problem

Ine chemical nature of antigens is an interesiing point
of immunological invesstigasion. It i3 generally believed
that all antigens are proteins. At various times, claims
have been made concerning the antigenic properties of differ-
éent non-protvein substances, such as (1) productis of protein
hydrolysis, (2) protein-free ricin, (3) lipoids, (4) sub-
avances occurring in the poison ivy plant (Rhus voxicodendron)
and in the mushroom, Amanita phalloides. kost of vthese ex-
periments have bean disproved.

On this point, Zinsser (42) remarks "Summarizing our
present knowledge of the ahemical nature of anvigens, then,
we must conclude that, with the exception of rord's glucosids,
no protein-free ansigens have been thus far demonstrated."”

wells (38) statves "....i% is s8till not proved vhav any
non-protein subssvance can funocvion &S an anvigen.”™ He fur-
ther commenvs "rhese observations of rord are of 80 much im-
portance in their relaivion to The entire quesvion of ohe
nature of antigens that they should be repeated for verifi-
cation. If acaeptea as they stand the, constitute the strong-
esv evidence yet presented as to the possibility of non-
protein antigens. The newer developments in immunoclogical
research, moreover, make i% seem entirely plausible thatv a
complex glucoside, which can be hydrolyzed b; enzymes, can
act as an antigen."

With his hemolytic glucoside from the mshroom Amanita
phalloides, Ford (17) producea typical antihemolytic sera with
a strength of 1-1000, that is, 1 c¢c of 1-1000 diluvion com-~
pletely neutralized the amount 0f glucoside that would give
solusion of 1 co of a 5 per cent blood suspensien in 18 hnours.

2 Review and criticism of the
literasure

Publications regarding the antigenic substances oTf
Amanita phalloides come chiefly from two sources, (1)
Dr. . ./« Ford, and his associates, at Johns Hopkins Univer-
sity, ana (2) Dr. X. Kobert, and his associates, at the
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University of Rostock, Germany. Criticism of the findings
has been made by Branham (25). The history of the earlier
inconclusive investigations has been well covered by Ford
(1) (11). Since 1913, nothing concerning the antigenic
nature of the poisons has been publlahed. However, Codina
(6), Steinbrinck (34), and Hyman (24) have made obaervatvions
regarding cases of poiaoning by A. phalloiaes.

(a) The hemolytic substance, Phallin

There are at least two poisons in A. phalloides. One
is a hemolysin, to which Kobert gave the name "Phallin".
It is highly unstable, easily destroyed by acids and aloohol
and rendered 1nact1ve by exposure %0 a tempexature of 709C.,
Animals immunized with the aqueous extract were found by
Ford (11)(13) to produce a serum antihemolytic and antitoxie
in character. Thus far, Ford and Kobert agree. Ford (2)
(12) also found that the hemolysin was precipitated by
alcohol, endured treatment with basic lead acetate, and was
destroyed by pancreatic juice. Preliminary analyaia by Abel
and Ford (3) yielded a percentage composition of C= 48.93,
H=< 6.08, N = 10.83, 8 = 1.94, O = Z2.322. From this analy-
sis, and from various testa for pentoses, Ford (2)(3) oon-
cluded the hemolysin to be a nitrogenous glucoside of the
saponin type. Branham (25) does not believe it possible,
on a basis of the percentage composition, for the substance
t0o belong to this class of glucosides. Protein was eliminat-
ed by Ford by precipitstation with metaphosphoric acia and
uranyl acetate. 1the resulting filtrate, which was used for
the immunization of animals, gave no biures test. The glu-
coside pasaed through a collodion membrane, but the hemoly-
tio power of the glucoside was destroyed in 1ts passage.
Ford (2) mentions that Kobert's hemolysin would nos pass
through parchment. Pathologically, Phallin characteristi-
cally produced hemoglobinurea and pigmentation of the spleen.
There was some increase in fat in the various organs, buts
this was not present to any considerable extent. Ford de-
¢ided that the second poison, the Amanita-it0oxin, was more
important in poisoning than the hemolysin.

Kobert and his associates disagreed with some of these
finaings. According vo Ford (11), Kobert postulaves three
poisons in A. phalloides, (1) the hemolytvic principie,
Phallin, (2) the alcohol soluble alkaloid not produoing
favty dagenerauion and (3) a toxalbumin preseni in the al-
goholic precipitate of the aqueous extraci, allied chemically
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to the subsvances thnjon and pulegon, and capable like them
of causing fauvty degeneration in the internal organs. It
is possible that Kobert's views have been modified by a
later publication of his associate Rabe. FKabe (28) founad
that the hemolysin was precipitaced by alcohol and sugar of
lead. Although Kobert seems %o cons8ider tne hemolysin as
apart from the toxalbumin-algeohol-precipitaved-fatty-degen-
erative~-substance, Rabe states that pathological fas found
in the liver and in the heart muscle was caused by the hem-
olysin as welil as by the alkaloid. tHe leaves undecided the
matter of hemoglobinurea, and does not mention examination
of tne splieen. Kobert and Rabe feel that the hemolysin is
intensely poisonous, and that it does not hoid a subordinate
piace in the poisoning of people, compared O Lhe LoxXin.

As contrasted with Ford's eharacterizaivion of the hem-
olysin as a nitrogenous glucoside, Kobert ana Rabe are cerstain
that it is a toxalbumin. KHabe found tnat the Phallin could
be precipitated almost completely from the agueous €xXiraciu by
alcohol and lead sugar, could not be precipivased compleve-

ly by uranyl acetate, that the precipitated sedimenti uwhen
gave an albumin reacioion (ilillon's), altnough negavive with
the biurev utest, and wvhat it became weak on dryinge. ‘“Lhe
filtrates also zave a posiuvive protein teste A positive
Liilon's vest in the sediment would, of course, be expected,
s8ingce the reagents usea are protivein precipitanss. A pos-
ivive vest in the filtrates is also possible, since none of
the three reagents is a cuantitavive prosein precipisante.
It may be noted that a negative biuret test by Ford in his
procedure, was no evidence o the quantvitvtative elimination
of proteins. However, it would appear that his metnod of
obtaining a non-protein glucosidal substance was l1ess open
to question than Rabe's method of obtaining the toxalbumin
in any condivion approaching puristy and isolatcion.

The chief ariviciam of Ford's work on the hemolysin
has been indicated above. Ag pranham (25) has well pointed
ou%, a negavive biuret vest is nouv cornclusive of quanvita-
tive protein eliminacion. ueither are the reagents, meva-
phospnoric acid and urany;l acetass, quanivistative protein
precipiscarntcs. 1t woula be well thalt the immunizavion be
avtempted with filtratves obtained arfver uvhe precipicavion
0f protvein by more effective reagensvs. Some eviaence on
these points is preseuivea latver in whis paper.

LThe possibility of a provein-glucoside-hemolysin
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complex is strengthened by the outcome of Abel and Ford'a
(2) dialysis experiments. 1v is well o remember, however,
that dimalysis, as mentioned by Bigelow and Gemberling (4)
(5), is no certification of the absence of protein in the
diffusate. Abel and Fora (2) dialyzed wvheir glucosids.

Branham (25) remarks on sthisa point "Abel and Ford have
shown that when heir hemolytic antigen was dialyzed 1in
coilodion bags, part of the glucoside passed through the
diasliyzing membrane. Althougzh the glucosides recovered both
from witnin and without the aialyzing sac appeared o be
identical, that which had passed through the membrane was
not hemolyuvic. Unforsunately, no test for anvigenicisvy of
this hon-nerodi;tvic fracition was made. Hdence it is difficuls
Lo accept the conclusions of these investigators vhat the
active nsrolytic princeiple of Amaniva phalloides is a nitro-
genous gluvcosiue capable of producing anviboaies.™

1t is possible that vhe glucosiae in vhe diffusacte
might be resvored O hemolytvic aciiviuvy. Bigelow and
Gemberling ncotea that "Bieryy and Giaja maae the inveresuving
Oobservacion taav pauncreacic secreuvion having passed through
a colloiaal menbrane, no longer acuvead on svarch or maluiase,
but that auains an elecurolyte, preferably one containing
a chlorine or bromine ion to %his inacuvive material restorea
its8 lost acutivity ana ability to act on starch."

(b) +he Amaniva-350xXin

i'he second poison in A. phaiioides has been provision-
ally namea "Amanita-toxin" by s>ra (1l2). Schlesinger ana
ford (31) and Fora anu Prousy (18) isolatea the voxin in a
stave of consgiaerable puriity, by a rigorous analytica. sep-
aration, iaver describedu in wvhis paper. 1ney ITound wvhnat whe
LoXin was thermosivable ana resistant vo acids. FHord (12)
determinea tnaiv tne toxin was not arfecied by vepsin ana
pancreatin. 1l gave no alkasioidal reaciions, excent that it
was precipivatea, in uvhe purificawdion process, by pnospho-
vungsuvic acia. Combustion analysie by Iore and sronson (1d)
gave the following ash-free percentage gomposiivion:

I 11 111
C & & & & s &0 42.69 *® o & 9 & 43.40
H....... b.’?g e & & & @ 7.29
N eseeceeceeeeeeensoscecnsneasccss 14,16
. 2.91
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Scnlesinser anu Foru c¢oncliuued thal tne TOoXin can nNot bhe

a pvrovein, a gluceoside, or an algaloid, ano wnav "alonougn
X0 necessarily an indol uerivzsive, (it) is at least an
aronasic pnennl so c¢ombineud Wioh an amine groun wnaitv is
readily foxme an indol or pyrrot ringe" 1he vatvanological
changes prouuvced by vne alceondlic exXvracy, Obseriyeu by roru
(11), were gaseric =i invesvinal uicers, nerorrhages, necro-
Sis, ulw ezoécially Izuby Qefseneravioli.  LNE £ulie DA LA0Ldg-
ical cadi.Tes Uere proauced o, wne eokin 8 duriziea by
Scnlesingsy ara ford (31).

Loberiv nas c¢onsldereud wvne amNanita-woXin ¢O re an 1lced>nol-
sotluonie a—xzloia, 2mOouv Provducing TaA6Ly wegenerz.vion, acLord-
ing o rowsu (Li)e onabe (2b) also co:iusidereu wne armanica-
UO0Xin @&n «alitulolid, and obTtaimed cervzain posiuvive adtkuloiazl
Gesy8 =~ naosraoittrigesvic =zciu, nnospnomodiybuic aciu, Zsbacn,
A, er, pPlerie 4¢lu, JragenuosIi, wIrauv, Kiiliani, and osher
eSS0 Dbelli: useue. ole meivnou 0T purirjiing tne Lvixin vias Vo
€x0raCu Wiovn algeonotr, evanorave 0Tl vhe wleonocl, and ulssolve
OUvv impmrivies wWiorn evrner ul.w chloroform. Lhe o0oxin was
cnere;ore galcondsl-solubie =aitd e€tner amna culororxorm-insoduvle.
Lfnig process, ndryrever, leaves with the uvoxin a number oX sub-
sva.aces Wnicn rizne give an 3lzulola reacvione 2his is evi-
dens 1l eIljerinence renoriveu laver 1in wnls pavner, for no
at;zalolaal reacoloilg eoula pe obuz2ineud Jidh ohe voxin pre-
parec Dy onhe neitnoa o1 Scaniesinzer =una 2ora (ol). woberv's
vievs 1in rez4xrd o3 bne cvesvlon 2L wvu€& Drixuauvgvion Ot Iavey
aeseneravion (rnich ne vnpousne as causea by a2 soxalbumin
ara oo by uvne alsualoid or uwvoxin) ma, nuve changsea aiver wne
erterinmenus 0I abLe. tabe (28) renorveu tnav more favidy
gegereration in tane 4iver wWus proutced by nis ulxzaloid-ioxin
tnzan B, the nenolyuvic subssance.

Fora (17) was unable oo n»nroduce ulivibouies 1or bvhe
Amaniita-uv0Tine. e SsSurnrarizes wvnlse Poine as LoHLLo0owWsS:
M eeeditv is immorueunt ud ueverrirne no./ Tar aninmals can oe
irrunizea wo shne pure voxi, Iree TrOm aqrixture with utne
DLODG=1uALing 124G72rial . LNVE Iand L SUCCEDL nNas8 bDeern mev
Wign 1n wad: auveellDoe ariirads Wilil Wisnsuvzna tne 1lnirounc-
vion or 40w rmivipies O 2 Liudi WwOSEE€ 2.0 Lodareuvl, nave g
neisavel.ea relist=lCce udD Lne 1Ccvion o1 wne »Polson ovi in no
1X2u=..¢€ nas 1 ue_inice Lroeicical 1rmmwni s, bDeelr e2vabllisnede.
1v is eviuernt whae 1t wWaz one presger.ce o0i whiese =Toweriul Loxin
in our origiunal eXuriaces Wnign Wa. LiL€ SOULrce 0L uvae uliscre-
PaXlGy allréad, re.€rseu Lo, namel, uLnxoe 2 noweriut ansvinern-
04, 0Gic serur. ma, Snow bDuL a 10w uegree O0I =0l voXiu acuvion,
anu Loae ilmrmune aunimals succwopb vo vhe invroaucvion of nign
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multiples of a fawsal aose &ven when thelr serum is endowed
With neusralizing subsitances Ior vhe henolytvic glucoside.
A Quravive serum for this variesy of Ifungus insoxication
can thus be prepared o the same degree vnat the nemolysin
acts as an etiological agent, unliess ITurvinelr invesuvigatvion
Shall prove that acovive immunity towaras the Amanisca-toxin
cau be brougns abouv by some ovher metnoas."

O Object of wvne present sctudy

The original objecv of the present siudy Was w0 repeads
vhe isolavion of wne giucoside by toe methoa oI rora (2),
using an improved vecnnique in prouvein precipivation and in
te8us for wne precengde O0I proveins afver precipniuvation.
then immunizatlion was 0 be attemplted Witn the presumably
non-protvein soiution. With this pian in mind, during
1928-29, a study was made of provein precipitvating agencs
and proivein tesus, as presenived herein.

In the fall of 1929, vne rirsv musSnrooms wWere obtained.
It soon became evident, b, experimenss incluaed in ohis
paper, what Whe hemolysin was absenuv, so the course of the
8%udy nau O be directea LO Lthe Amaniva-voxXin.

In @io astvempus, Lthe Amanisa-toxXin Tailed oI isolavion
asc Ghe lasy step 1n tne proceaure. 1hls used up & c¢onsida-
erable portion of ivne nusnrooms. L+hé remaining musprooms
were exiracied, carriea tnrough tne orocess OoTr puriricatvion
%o the final operac¢ion, anae Tne procequre there stoppeaqQ.
Wistn tnis extrac., Wnicun as every suLep nau been testea for
toxicity, vests were made rTor procveins, atkaloias, and glu-
cosides. An immunological experimen. was twried. Permanent
mournts were riawae of represenvative ivlssues Irom raboulis dying
Zrom subcuvaneous injecvion wiun the toXin in 1its various
8tages of preparation, ana ohe itissues were @Xamined Zfor
pawnological change.

Il ihe uelicacy, 01 various coloxr ana precipitation
tests ror csne presence of prouveins,
@lucosiaes, anu amino acias

1. Hisgcorical

rKeports on Lhe exact delicacy of color and precipita-
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tion vests for uthe presence or protveins are noiv exiensive.
ihe viuret test is sensitive vo one part of provein in 10,000
parvs of water, according to Brannam (25). xakuzin, sSrauao,
and rexarskxaja (29) found tnat ..illon's test was more sen-
8ivive than the biureuv, Liebermann's, adamkiewicz's, GLhe
Xanvhoprotveie, Liolisn‘s, Petienxkoifer's, or Usiromissienski‘s,
and detected one part of protvein per 10,500 of solutviou.
Abernaiaen ava Schnnidu (1) report that the ninhydrin reagent
shows one part of glycine in 05,000 anu about one pariv in
10,000 to one part in 20,000 o the other amino acias.

folin anu Jenis, as reporited by hawk (22} can devect Wiin
tneir reagens oue part of Tyrosine in a4 mitlion. .iabibhews
(27) gives wne delicac, of Spiegler‘s test as one parv of
provein in 200,00C. Various references on prouvein uLesus

are given in utne supplemneuvary bibliograpny oI wnis paper.

2 IXperimensval

1% seemed wise to0 become acquainteu, at firsit hand,
with the delicacy of vhe provein tvests, since techunique
anue kKeenness 01 vision vary With The OperatoOle.

Heagents vere prepared ana the tests were maae 1in the
manner describeu in tne text rerererces given in vable 1.

(a) Preparavion of the test solutions

Unless ouvnerwige gvneciried, all solutions were in
disvilled water auv roon LermveratLulre. ~acan soiuvion was
used on the same day as it was preparedy, 0 minimize bac-
terial decomposition (except uvae uvaymol solution).

Zdectin did not dissolve in distviidleu Waiver. ien per
cent sSodiwum cnloricve wlloweu a vemvporar, suspensiou wWnicn
wWas well shaken before dilutions were maae or =z rew cubic
genvimeters arawn ofr for a wesie.

Lgg albumin, well pulverized, dissolved alnosv Col-
pletely, but wasg snaken betfore using 6o insure unirormisy.

\ . . o - _ .0,
Gelavin in a 1-200 soluvion _was heaied 0 60 C;
1-5000 solution was heated vo %o0°C; boih were allowed wO

G001l somewnat beiore usiiug; solution was compnlete.



Peptone was treated as was egg albumin.

asparagin in 1-200 sglution was heated %o 80°C; 1-5000
solution was heased o 05°C; both were allowed TO G001l some-
what before using; solution was complete.

Cystine in 1-1000 solution would not entirely dissolve
on boiling, but the small residue formga a good suspension
on 8haking. 21he 1-5000 solution at 9o C disszolved compleve-
ly in_15 minuves with Srisuracion. lt was allowed o cool
zo 42°%C berore using.

Phenylaianine in 1-200 ®doluvion heatved 08 5600 complete~
ly dissolved. A 1-5000 solution heaved to 80 U completvely
dissolved. pBoth were aliowed 0 cool before using.

Yyrosine in 1-500 solution heated %O 8000 completely
digsolved. A 1-5000 soiution neaved %o 55 C completvely
dissolved. Boon were a3llowed wo ¢ool before using.

Digitalin in 1-250 soluvion heaved to,boiling completely
dissolved. A 1-5000 diiution heated to 86 C completely
dissolved. Hoth solutions were allowed Lo cool before using.

Sali®in in 1-200 and 1-5000 solutions dissolved immed-
iavely at room temperature.

thymol was allowed %0 stand several days until complete-
ly dissolved.

(b) Procedure ir the tests

ine sanzdeées of color were oo daelicate o pesmit satis-
facuvory work b, artifical light. By arvifical 1ighv, it was
partviculariy difficultv vo discvinguish in hign diluvions the
milky or bluish tinge inaicative of a positive west with
acevic acia and potassium ferrocyanide, roiin anda Jenis,
xillon, worner, ninhydrin, rtanret, and xantnoproiveic reagents.
A set of controls was run on each test, buv only on Ehrlich's
diazo and Folin and Denis's tests was it necessar; to run
gontrols every time a solution was tested.
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Acetie acid anda potassium ferrocyanide: A modification
in techaique impwoved the delicacy of this test. The potas-
8ium ferrocyanide was added drop by drop and allowed to run
down the inclined test tube so as o form Two indistinct
layers of solutions. A milky or bluish tinge slowly develop-
ing in the uvper solution is a posivive test.

Zhrlich's diazo-benzene-sudbphonic acid: Since distilled
water gave an orange solution, a control was always used.

Folin and Denis: Since distilied water gave a bluish
golor, a control was alwajy;s used. L1t was easier vo differ-
entiate shades of color (also in Ehrlich's diazo) by looking
into the two test tubes (control and test) side by side,

Than b, 1ooking at them at right angles t0 their vertlcal po~
Bition.

Illd1llon: A reddish color appeared only in low dilutions;
a positive test in high dilutions was indicaved by a milky
or bluish tinge.

Xanthoproteic: The jyellow color did not alwaj; s appear;
a positive test was sometimes indicated by a milky or bluish
tinge.

Table 1, following, with its accompanying notes, gives
the results of all the tests.
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(o) llotes on table 1

(1) liot an amino acid itself, but the monamide of the
amino acid aspartic acid. Asparagin occurs widely in the
vegejsable world.

e.g.-H168 refers vo page 168 of Hawk and Bergeim,

(2)
"Pracvical Physiological Chemistry", P. Blakiston's Son &
Co., Pniladelphia, 1927. M982 refers to page 982 of

liathews "Physiologiocal Chemissry", William wood & Co., lew

Yorz, 1927.

(3) ‘he test solution would not color, but in low di-
intions, viasible particles of edestin woulid color yellow,

and adhere o the sides of the test tube.

(4) This test was impracticable, since the 1ight biue
color or the edestin soiution confused Tthe blue color wnich

would indicate a positive result in this test.

(5) After the test had stood for one hour.

(6) A light brown color appears, poasibly due %o the
Charring of the organic particles by tne sulphuric acid.

(7) A second solution of phenylalanine and a second
Lo make certain

solution of ¢cystine were prepared and tvested,
of the variavion on this reaction between the two amino acias.

(8) A faint green ring appears.

(9) "There is no reacivion with para-dimethyl-amino-
benzaldehyde, but before or artver boiling with hydrochlorioc
acid, a milky or flocculentv precipitate apprears.

(10) lo green appears, but a light milky bluish eolor.
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3 Summary

Gram equivalents of the dilutions are only approximate,
sinoe about two cubim gentimeters of the tested solution was
used in making each test. +Wells (38) indicates that the
minimum sensivizing dose of egg albumin is not far from
0.000,000,05 gram. Branham (25) emphaBizes the fact thatv
"ancibody response has been secured with amounts orf protein
as smail as 0.000,001 gram."” The most sensitive reaction
shown in table 1 is 1-80,000 or about 0.000,025 gram. It is
evident that although a solution may give no color or pre-
cipitation test for the presence of protein, nevertheless,
there may be sufficienv protein in solution to allow anti-
body formavion. 1the negavive biuret test of Abel and Ford
(2) seecms, cherefore, o be little certificatvion of the
absence of protein inWeEIr peroiytic glucoside.

III The precipication of proteins
I. disvorical

P'riochloroacetic acid: Seibert (33) showed that when
pure proteins are used, trichloroacetic aciad precipitates
the protein gquantitatively. 1t does not precipitate pro-
teose or residual nitrogen (monamino acids and undetermined
nitrogen). Hiller ana Vgn Slyke (23) state "It appears,
therefore, that trichloroacetic acid is especially fitted
for use with solusions of partialiy digested proteins when
i1t is desired to remove the proteins, and to regain in their
filtrates not only the amino acids, but also a mixinmuam pro-
portion of the intermediate producits such as 'albumoses® and
'"peptoses'.™ Wasteneys and Borsook (37) and Shonle and
daldo (32) have also shown that trichloroacetic acida fails
%0 precipitate proteose and the other intermediate proaucts.
Jasteneys and Borsook (37) with an albumin solution analyz-
ing 94.5 per cent protein, 4.4 per dent proteose, and 1.1l
per cent peptone, used trichloroacetic acid in a final con-
centration not exceeding 2 per cent, and precipitated %o per
cent of the protein nisrogen. ihey decide, thereiore, that
trichloroacetic acia com»nletely precipitates tThe protein.
Sirilarly, using nitrogen deverninaitions as a criuverion, tvhey
found that meta-protein was completely precipitvated.

Greenwald (19) used trichloroacetic acid followed by
kaolin treatmeni. =ne gives his resulits as follows: M™The
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filtrate from the kaolin is absolutely clear and colorless.
The liquid remains clear after the addition of picric acid
or of potassium-mercuric-iodide, even upon svanding for
twenty four hours, and gives only the alightest turbidity
wWith pnosphotungstic acid. +he precipitates obtained upon
the addicion of phosphosungstic acid to fiitrates....were
used for the determination of nitrogen. +{he amounts obtain-
ed were no larger than in the blanks.”

lie Richter-Quittner (30), Paul Cristol (7), A. Grigaut
and P. Zizine (21), P, Cristol and il. Simonnet (8), and
He Junschendorff (40}, have also reported on the use of
trichloroacetic acid.

It appears that trichloroacetic acid precipitatses pure
rovein, but does not precipictate the intermediate products
proteoses, veptones, peptides, and amino acids). Jhen

followed by kaclin, precipitation of ail protein and non-
protein nitrogen is compdiete.

tungstic acid and picric acid: Hiller and Vgn Slyke
(23) state: "From the results with #Witte's peptone iuv ap-
pears tnat tungstic acid and picric acid are distinguished
by the relative compieiveness with which they precipitace
protein intermediate produc.s without precipitating amino
acids."™ However, the intermediaive products are not com-
pletely precipitated, and rrom Their results with blooR, it
appears that tungstic acid, picric acia, metaphosphorie acid,
trichloroacetic acid, and colloidal iron, ail precipivated
pure protein quanstitatively, but did notv compieuwely precip-
itate amino acids or peptides. He. #dunschendorrf (4«0) reporss
that tungsiic acid gives compleve precipitaition witvth less
adsorpvion (of non-protein matverial than trichloroacetvic acia),
but iltvravion is so 810w that There may be appreciavlie
nydrolysis of vne provein. P. Cristol anu we. Simonnet (8)
8%ate "....Whilst uricnloroacevic aciud and wungstic acia are
excellent precipivants for alipumin in utne estimastion of tne
toval non-protein nistrogen of tne serumn, and aliow neitvher
lipoid nor provein-nisrogen %0 Pass8 inuto the Iiltrate...."
e Co wewis and S. K. Beneaict (2o) ana w. xichter-Quitiner
(30) have also reporteda on the use of these acius, but wheir
original articles wWere 10L available.

Iv seems that picric ana stungsivic acias precipiuvave pure
protein quantitvavively. <they precipitatve moss, bus nov all,
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of vthe penstiaes, ana none of whe amino acius. Wwothing def-
inive coulu be gavhered in regard O proseoses, but since the
pevtiaes are almost complevely removea, it Would seem Lnatb
proteose precipisaition would be compiete.

Lietapnosphoric acia, colloidal iron, ana urangyl acetvave:
Hiller and Van Slyke (23) stvaue "meuvaphosphoric aciua, colloi-
dal iron, ana mercuric cnioriue are intermeaiate between
tricnloroacestic acid and tungstic acia in the compleveness
with wWnicn vney; precipitave vne insvermeuiave proaucvs of
witte's pepivone." 1Lne; pbelieve tne acia (metaphospnoric)

L0 precipivate bl0o0d proveins csomdlevely. bBut Junschenaorrf
(40) says wvnaiv meitanhos»onoric acid fails vo precivivave
proteins comnletely. P. Crisvol ana . Simoniiet (8) repors
also that meuvapnosnnoric aciad daoes nouv complevely precipivace
prosteins. hn. .Junscnendorff (41l) desoribes a moaification
0 vhe .dcnaediis metwhou 01 precipivating prousins wisth
golloidal ferric n,uroxiae which is svatved wo give fiitraues
envireli, Iree rrom provein. Van Slyke, Vinograd-Villchur,
ana Losee (Jo) report tnatv ¢olloidal iron completely pre-
cipivates naivive proveins, but does nouv precipivase amino-
acids or any inuvermediate proaucuLs up LO Lhe albumoses, and
none 0TI Lvhose e€xcept soms O compiexity buu liuvuvle below
vhat of vne original proteins. abel and Ford (2) arrirm
"that Kowalews:,; has shown that uranyl acestave will com-
pletely remove Irom various albuminous fluids every trace

of proveia giving a biuretv reaction, and that Jacoby and
otners nave used wnis reagent Ior wne removal of proteias
from Tainuly alkaline soiutions.™ Sara Z. SZranham (25)

in a ¢rivsigcism 0 The resuits O0f Ford ana Abel, Wriuves as
followsa: ™neither of uwnese reagents (mevaphospnoric acid
and uranyl acetauve) are quanivivative precipitvants for
proseins.™ Also see A. Grigaut and P. 4izine (21), P.
Crissol (7), and i.. kichter-CQuivuner (30), all of which
original articles were not available.

From these sources 1% appears that metaphosphoric acid
probably does nou completely precipitate even pure proseins,
and cervainly notv the intermeaiave ProaducisSe. Colloidal iron
precinivaves pure protein quanititavively, buu probably aoes
notsw precinicvave vroveoses, peptides, &ld amino acids.

Pnospnotungsvic acia, anu agevic aciu-kaolin: Seiberdv
(55) u=sed pnospnosurigstic acia as ne ecuivalent ox suugsvic
acid in the precipivastion of protveins, ana shows vnat phos-
photungsuic acia precipitvates all prouveose and diamino acids
(cr. Vvan Slyke (55) ) leaving only monamino acids and undeter-
mined nistrogen in tne riltrate. Lrungsitic acia does notw
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precipicave diamino acias. Greenwald (20) describes a methoa
wWith acetic acid and kaolin wnicn removes all provein ana pro-
Tein invermeaizve products as follows: MDeserminasions of tne
I in such filuvraves agree With those obtained by the sricnio-
roacecic aciu-kaolin mevhod. SOun methods are inaccurate,
nowever, ithrouzh the removal by the kaolin o the I Subsvance
othelr ithan proveine. +his is nmostv marked wiuvh substances of

a basic navure, including diamino acids and WH,_, (present as
#H,Cl) anu is absolustely guaniivavive wivh creltvinne....”

& Sumnary

It woulda appear that for the purposes of the experiment
with the glucoside oif Amaniva phalloiaes (i) mevaphosphoric
acid is unsuivable, (2) tvhe use or uranyl acetave is doubg-
ful, (3) vricnioroaceiic acid tungsuvic acid, picric acid,
and pnospnotungsisic acia are prerferable.

S zZxnerimenval

Short exvneriments with egg albumin soclutions ana uranyl
acevate, mevan:sospnoric acia, trichioroacetic acid, pnos-
pnotungstic aciau, vungsuvic acia, and pic¢ric aciu, bore out
the summary above. =zmowever, some difficulty was experiencead
with srichloroacetic acia, but I¥inally a fiilsrate was obtain-
ed whicn would give nome of the ve€sts in tvable 1. Uranyil
acetate wWas eriective in eliminatvting all subsiances capable
of giving pvositive tesivs with the more delicate reagenss in
table 1.

IV ‘he propercies oi Amaniua 8olivarisa

l. sYhe nemolytic and a gluvinative power of
agqueous e€xtracts oI Amaniva solitaria

{a) Hissvorical

ford (9) found that "agueous or saline exiracis of Am-
aniva solisaria are hemolyivic, but nov L0 sucn a degree as
are otner Amanivas. JLhe lysis is preceded by a wypicai
agglutination oI the gorpusclies, which sink %o the bouwom
of uvhe wube in a densely aunerent mass. .ne agglutinavion
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is siow, requiring one 0 three hours, and afver Ttnis time a
slow solusion or the corpuscles vakes nlace, requiring four
vo five nours. eeeglf 8XLracis be evuaporaved Lo a small
bulk in vacuo av 35°C, and tnen precipitated wivn ethydi al-
cohol, the precipivave convains vne aggluvino-hemolysin.™

(b) Experimental
(1) Preparatvion of material

Professor J. de luiller of vhe uvniversiuwy .0f Georgia was
so kina as wo colieci, in Septuember 1929, in tvhe vicinisy of
Athens, Georgia, the A. Solitaria and ae. phalloides used in
all tne following experiments. +he A, solitaria were large
and almesv pure white. 1The A. phalloides were smaller, and
a pale brown. sord (4d«) in 190o detinively used onliy the
white forms Of 4. pnaltoiades, but in his later experiments
he does nou specify tvhe color of the fungi. +he specimens
were dried by FProfessor iuiller on a siow eleciric drier, and
shipped packed in couviwone. <They were ailowed to dry furtvher
at room temperavure in tne biology 1laboratory at the State
Universisy of swontana for several weeks before being usede.

ro 100 grams of A. solitvaria ground in a cereal mill
was added 800 c¢¢ distillea waser. Lhe mixture was wri-
turated in a porcelain mortar, and then setv on ice for 48
hours. <+he mixture was filvered through linen two thick-
nesses of venver csire Cliay FLo4d filuver paper, and through
two thicknesses of w42 Whatman filter paper unaer suction.
humber 42 sinaitman paper broxe unaer sucivion, and 1L was
found that #50 was betiter. i1he 620 ce of exiraci was neus-
ralized to litmus with a small armount 0TI sodium bigcarbonate,
anda concenitraved o 60 ¢¢ _under reduced pressure at a vem-
perature not exceeaing %5°C. this concentraited solution was
designated Solivaria exuvract lA.

i‘he rermaining prant mash was placed on ice wiva H5CC cc
disvilled water and exorzacuved 10r 24 nours. 1% was then
filvtersu and neustralizea as above. t+he filotrate wWas concen-
Lrgued unaer reauced pressure auv a temperaisure Nnouv exceeaing
37°C, and reduced from %14 gao to 76 Gc. 1V Was aesignated
Solitaria extract I1IB. tnis metvhod ofr exur=zction folliows
that of Ford (2)(9)(10)(16).
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(2) Soliivaria extracts 1A anad IB

Pable 2

demolytic ana aggiutinavive power or Solivaris exutract
1A, for cat cells
(all vesus vwere in duplicate, and in a water bath at 37°C)

5 per cent
10 per by volume
cent washed cat|l Hemolysis and agglutination
EXtracty souium cells in readings
IA chloride|saline 1l hour 111 hours |[|1L& nours
Oe9 co| O.1 co i cc negaiviveg negasvived 81light.
1.8 cc| 0.2 oo 1l cc negasviv negativ% slight
1 cc saline {(control) lcc |negativ negativel slight
lcc saline and excess
i 5aECOz (control) lac |negativ negatvive| sligat

Solivaria extract 1B gave similar resultsS. bOoth ex-
tracts gave 8inilar negaitive resulius With 2.5 per cent
washed human red corpuscles.

(3) Solivaria exztracts II

The raw unconcentrated extract also was negaicive.
Amanita s.livaria extract II was prepared from 50 grams
dried A. solitaria and 500 ac¢ distilled waser. It was
further treaiveqa as was exvract 1A, and was also filtered
throuzn a liandler filter. 1t was not concenirated. ‘Lhe
firal volume was 250 cc. 1t was not neutralized wiwth sodium
becarbonate.

Table 3

Hemolytic and agzlutinative power of Solitaria extracty
IX, for human cells °
(all tests in tripliocate, and at 37°C)

10 5> per cend
per centiwashed human Hemolysis and aggtutination
Extract| sodiunm celle in _ Reaaings
11 cnioriue|l saline 1 hour 5 hours 12 hours 22 Bours
0.9 occt C.l co 1l cc all reaaings were negative
1l cc saline (control) 1 cc all readings were negative
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Chncentrated extracis of A. solitaria, prepared for the
chemical experimentation following, were also negatcive.

(¢) Summary

All aqueous extracts, conecentrated and unconcentrated,
from specimens of dried Amanita sclivaria, were non-hemolytic
and non-agglutinative for human and cat cells. rhese find-
inzs are not in accordance with tnose of Ford, since his
extracuvs convained a hemolysin and an azgiutinin. Is is
suggestea that specimens of Amanita solitaria may vary in
their hemolytic and agglusinative properties according to
their geographioal location. Ford (9) seems to have secur-
ed his specimens of A. sollitaria in the vicinity of ./oods
Hode, icassachusetise.

2 'The toxicity of aqueous exiracits of A. Solitvaria

Ford (9) neated extracts of Amanita solitaria to 70°C
for 30 minutes, and found them innocuous t0 rabbise and guinea

rigse.

in verification of this observation, the following exper-
iment was performed. A portion of A. solitaria extract IA,
which nad been keot with a& small piece® of thymol, in a re-
frigerator for 20. days, was neutrailized with a small amount
of sodium carbonait>. LThe extract wWaB8 heatea for a few minutves
until there was conaigerable protein goaguiup,filtered, and
then heated at 65°-70°C for 30 minutes. ‘'hree cubic centi-
meters injected subcutaneously in the belly of rabdbit number
2, weighing 2660 grams, and 3 c¢c¢ injected in rabbit 4, weigh-
ing 2100 grams, were non-toxic, ana caused rno edema at the
point of innoculation. The rabbivs were aiive several months
later.

3 “Yhe chemical nature of agueous extracis of
Amanita solitaria

(a) Historical

Ford (9) evaporated an agueous ex.raci of A. solitaria
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t0 a small bulk in vacuo atb 5500, precipitated the agglutino-
hermolysin with ethyl alcohol, removed protein from the pre-
Cipitase with uranyl acetate, and neutralized with sodium
bicarbonate. ‘he resulting solution readuced Fehling's solu-
tion before hydrolysis with hydrochloric acid, and gave no
precipita e with phospnhotungstic acid. A precipitate was
given with basic lead acetave. Wests for pentoses with a-
mapnthol, orcin, and phloroglucin were negauvive. From this

he concluded that there was in the exutract a glucoside difrfer-
ent in nature from that in Amanita phailoides.

(b) Experimental
(1) Solitaria extract II

The Sclitaria exioract Il remaining from the hemolytic
experiments was divided into two portions. wuvne portion,
extract IIA, of 110 co, was coneentratgd under reduced pres-
sure at a temperature not exceeuing 38 C, to 35 ce. Lthe
other portion, extract IIB, was aongentrated at not over
42 C from 130 cc to 30 oc. Since the work was briefly inver-
rupted at this point, the solutions were preserved by freez-
ing for two day,s. JLhe; were then thawed out.

Absolute alcohol was added to extract IlId. A small
precipitate formed. 1Ihe precipitate was not dried, but was
redissolved, while wet, in water, and a few cubic cenvimeters
of 10 per cent phosohotungstic acid 1n o per cent sulphuria
acid was added to precipitate the protein. 7The filtrate was
neutralized with sodium bicarbonavse, and filtered. +rhe re-
sulting filtrave reduccuy 3Senedict's solution but gave no test
for pentoses with rtollen's phloroglucinoi-hydrochloric aaid
reagent, or with isl's orcimnol-hydrochloric acid reagent.

To the 30 cc of extract IIB was added 3 cc of absolute
aicohol. Lo precipitate formed anu the solution appeared to
be uniform. ‘he volume was redueed o 20 co atv a temperature
not exceeding 38°C. To 15 cc was added 2 cc of 10 per cent
phosphotungstic acid in b per cent suvlphuric acid. Lhe
filtrate was neutralized %o litmus with sodium bicarbonate.
‘here was no precipiscase. ‘'he golusion fave the same reactions
as extract IIA. \Vith Barfoed‘s monosaccharide reagent a green
precivitave formed, which welker (22) accredits to interfer-
ing chlorides.
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(2) Solitaria extract IA

Solitaria extraot IA, used in table 2, was tvested five
nonths after its prevaration. In the meanvime, it haa been
kept in the ice box wilh a small piece of thymol.

Absolute aloohol was added to 20 ce of this extract.
T'he smalil precipitvtacve on filter paper was dried and redis-
solved in distillied water. Solution was not complete. Boil-
ing with benedict's soluvion gave a brilliant green, and on
eooling some brown fliecks appeared. barfoed's gave a green
flooculent precipivate with a few brown flecks. Picric acid,
boiled a3 minute with sodium carbonate and 1 cc of the extract,
was reduced o picramic acid. YLollen's ana sial‘s for pen-
toses, Seliwanorf's resorcinol and hydrochloric acia for
ketvoses, liolish's a-naphthol for carbohyarates, auric cnioride
for glucosides and alkalolds, and the gualac test accoraing
to Jitthaus (39) for hydarocyanic acid (since hyarocyanic acia
easily unites with carbonsdraves according to liavshews (27) ),
all were nezavive,.

Hranyl acccate was added 0 the remainder of the solu-
tion from exuvract 1A, wanich had given tne tests above, in
order o precipitate whe provein. idhe fillraoe mve = neg-
ative luillion's vesgt. Beneai1¢ivts soluvion wWas reuuced unon
boiling. wbarroceu's was unalterea, s0 1v wWas councludea vnatv
some subsuai:.ce precinivtaved by Twne uranyl acetvave haa caused
the previous cazlige O green. Ficric acia was reuucea as
DEIOLE. shere vlas o precipioeace Wiovn bpasic leaa acetauvee.
Bigl's, Jlollen‘*s, Seliwanorf's, wolisn's, the gualac Tess,
phospnomoliybaic aciu, ana »uosrpoitungscvic acia, all vwere
negavive.

{c) Suwunmary

Chemically, then, in amanisa sislivaria extraces 1A and
IB, it woula apnear fron the restlits With Benedict's solu-
tion and with picric acia, thau a reoucing subsiance was pres-
enve Yrom the absence ol a:iy posivive results in itne owner
tests, nowever, Lhe presence O0I a lucosiae Woula seem uu-
likxely. +his wuoes nov necessarily conuvraulicsv tnhe obpservations
of Hora, ITOr his Jucosiaal exoracts were hemolytic and agglu-
tinative, wnhile tnese were noiv. J1he aggiuvino-nenociysin ana
vne glucosiae are proonably cloisely associated.
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Ve the properties of Amanita phalloiues

1 +Lhe hemolyvic and aggdluvinacive power of
aqueous eXvracits 0 Amuaniva pnzllioiaes

(a) Hisvorical

Lobert, as reporiued by roru (l4a), obtained a3 uriea ex-
tracv 0f Amaniva phalloiaes wnich aissolveu 0X plood in a
ailuvion of 1-125,000. Iora's (i4) Zxsracs V, prepareu from
00 grans 0I ae. paatltloiaes ana 200 c¢ o aisviiied water, nov
goncenivraveu, nad the Iollowing hnemolytic suirengtih Tfor 1 ca
0% whe respecuive O per eenv blood cells:

guinea pig 0.002 ce¢
rabuiv 0C.003 co
beetf Oeb (e¥e}
sneep 1.0 co

From 8 grams o driea A. phalloides and 100 c¢o aistvilled
water, Ford (l<«) obBained an unconcentraced exXiract With a
asrengon of O.U0o0 ge for 1 cc¢ of O per cenit guinea pig blood.

With 1o grams o1 powaered ae. phalloides and 200 cc dis-
Tilied water, #oxrd (1) securea an extract Of the strength
shown for 1 c¢¢ 0T » per c¢ent blooa cells:

guinea pig 0.001 co
rabbit 0.008 cec
goat 0.02 go
swine negasvive (some discotoracvion)
beef negavive (some uiscolioration)
sneep negatvive (son.e aiscoloravion)

nabe's (28) extracts im a «iluvion of 1-20,000 dissolved
O per centu blood cellse.

It may be s8een thau the strength of the exiracts bears
livvle relation TLo the gnouns or The musnroom employed. he
hemolysin is thererore present in variable amouuts, or is
partially daesvroyeu in tne process of exuraciion.
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Entire lack of hemolytic power has been reporuved.
Rabe (28) rerers wo tvhis racv. Ford (11)(31)(2) menvions
ive. Apparerntly the hemolysin is present in larger amounivs in
the fresnly gathered fuugi, according wo Fora (2). Fora (12)
Staives uvnal se pPhallolaes Qoes nov ajZgiuitinaste blooa cor-
vuscles in vivro.

(b) EZxperimenscal
(1) Phalloiaes extract 1

Ananita wnatloiues exuvract 1 was preparea from a aried
plant welzhing 2 grams anda 20 ce aistvilied water, maceratved,
and setv on ice Tfor 24 nours. <Lhe eXtracut was expressea
througn linen, anu Iittereu uvnrougn a ¢oarse I ilver paper
arnu vhrouzgh F4& .hatman riltelr paper under suction. Lne
Iiltratse obtainea Was 4.8 CGe. 1T wWas nos neuvsralizeu.

One cupic cer.timeser 0ot o per cenyv Wasnea ¢av cells,
plus 0.9 @¢ 0 Phalloiaes exuvract 1, plus O.l cc of 10 per
gent sodium chloriae solution, gave an agglutinatsvion of whe
biood cells iun 10 hours, in a water baih at 37°C. <here was
no hemolysis in 19 hourse. «+hen the itest tubes were snaken,
bhe clot oI cells rose o uwhe surface orf vhe liguid as one
gensely adnerent aisk. Saline contrsls were negative.

A similar extract of A. Solitaria mace at the same uvime,
gave no agglutinavion or hemoti,s8is, Wnen jected in the sanme
mannere.

(2) Pnailoiues exuvract II

10 devernine wnetner or MOV tne aggluiinin Was organic,
a secona exXtract was maue. Pnalloldes exsraciu 11 was pre-
pared from three dried plants weighing 8 grams. +sNese were
trituraved in 100 co aisuvilled wasver, sei in the ice box for
do nours, expressed vhrough linen, and ftililered as was extract
I. “Yhe soluition was not neutralized. 4 few cubic cenvimeters
of Phzlloides exiraciu Il was neatea %0 B84 C for 30U minutes.
Provein cocagulateq,,bust redissolved upon cooling.
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Une cubic centimeter of b per cent wasned human reu
corpuscles, plus 0.9 ec of heauved Phalloiawes exuyracuv 11,
plus O.1 cec of 10 per cent s8odium c¢nloride soluvion, gave
no hemolysis or aggiuvinacvion in 18 hours, in a waiver
bath at 87 Ce

Cat cells were gimilarly negastive with heated exivrace II.

Unheasveu Phalloides extracu 1i, using C.9 co and also
let ¢ 01 vne exvract, Was negaivive wisth bouvh human and
cat cells.

amani e solivariz exvract 1A was reuvesved at tnis poins,
ala Vag nesaueive, neated ana unneated, with human and cab
cellse.

Controls cshowed slight hemolysis 1n 1l hours, as dia
some of the TWOo exitracis. 1he conorols usea were:

l. vune cc¢ saline plus 1 c@ wWashed human cells

2. une c¢c saline plus 1 cc washed cau celis

b« OUne cc¢ Phzulloides exvract L1 (no sodium cnloride), pius
i co human cells

4, uUne oc¢ Phallioides exuvract 1l (no socaium chloride), plus
1 cc cav cells

5. OUne cc distvillea waver, plus 1 c¢¢ human cells, snowed
more nerolysis than the oither conirols

be OUne co distviiled water, pius 1 c¢c calt c¢cells, showea
compleve henolysis

1+his votal lack of hnemolysis anu asgluvinaivion in
Phullojides extvracu Il c:n notv be recoiciled witn vhe agglu-
tinavion in Phzlloides exuwraciu l.

1t seered poscible uvhat uvhe prowvein in Pnalloliues ox-
tract 11 had interrerea with the henolysis or azgluitinavion.
£0 tesv tnis theory, part of Pnzlioides exvruct 1I was aivia-
ea inivo four porvions, ana che prosein precipivated by four
reagents-~-saturavted aqueous picric aciu, 10 per cent phos-
provungstvic acid in o per cent sulpnuric aciu, dio per ceud
tricnloroacetic acia, and saburavea agueous uranl;l acetate.
L0 DoOTrvBiIOonN OI exLract was in aciu sgoluvion for more vaoan
fifseen rinuves before being Tilsered and tane Tilirave neutra-
lized wiuin sodium bicarboriacve.
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Une cubic censvimever or washed L per cent human red
corpuscles, pius 0.9 cc or otne picric acia exiracy rilirave,
plus O.1i cc¢ of 10 per gent sodium chloride soluvion, gave no
NEE.0iys8ls Oor ugglusinaeion in 1o hours, in a4 wWaiLer bath av
37%C.  Lrhe ouhmer tnree Triltrases fave sinilar negasvive resulivs.
sepéetition or thnis experiment Vith wasned L per cent calt cells
Wais lifewise lnegavive. Secoloaly changes in sone cases ococurr-
ed because 0T ¢he prouveill precivivali presense.

It was concluueda tnat Phalloides exsract Il was in no
degree hendlytic or agszlutvtinatvive for hwan or catv cells.

() Phalloides exoractst 4111

L0 establisn derinively; the non-henolytic power o1 the
Specirens, a larger awmouni 0 uvne driea Iungli were used unda
tne exuraCi concentraiea O a2 sn.all volulie.

ifne scall, or spring rorrn: 0 A. pnalioiaes, is gunown
a8 Ae. verna, u..d 1is mentionea by rord (1l4). Jwenvy grans
of 4. Vverna we.e vrituravea wivh 200 cc aisvilled wacser aud
extracted by uwne process previously aescripede. s+his Pnailoiaes
extraco III was concentrated trom 4116 GC TO d6b 66 at a temp-
erature notv exceeding 5300, and neutrulizea wWitn soaium bi-
carbonate.

liine tenths cubic centimeter o0I the neutralized con-
cenvratea Phalloiues extraciu 1ll, pius O.1 cc 0o 1lU per cent
sodiw: cnloride sodluvion, pius 1 cc 0F wasned o per cent
numar. corpuscles, gave no nepolysis Jr aggluiination in 18
hours, in a water bath at o7 C.

Amanita pralioides ezoracu Lll, beidore neuwsralizacion,
WaS 2180 nefative,

Precipitation o1 »nrotein by the meithoa and Tour reagenivs
used wWith rPnalloiaes exiract 11 gave filvratez which were
reg-avive, ellcept for secondary caaligesS.

Controls giving no herolysi=z were:
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l. OUne cubic centineter saline, plus 1 cc 5 ver cent human
cells.

2e uyne cubic centimecer exiracit (no sodiunm cnloridse), plius
1 ¢cec auman cells.

(a) Summary

Lo hemolysin or agglutinin was preseni in vhe aqueous
8Xtracis from dried sopecimens oI aAmanisca phalloides ana
Amanjisa verna, regaraless or wnevher the exitracis were concen-
trasted o1 unconcentrasted, prostein-free or 1oL provein-free.
L'ne agglutinacion in Phalloiaes exXtract I was due %o an un-
usual individual Ifungus. rhese experiments bear out the
previous tindings oT Lobert, rord, and mabe, shas hemolysvic
power is a variable quality oI amanica pnalioides.

2 Lhe Amanista-s0xin
(a) Purificacion or vhe Amanista~toxin
(1) Hisvorical

Since the hemolysin was absent in the specimens of
amaniva phalloiaees, arn aviemnps was madae o isolace vhe tkherm-
08%table second poisonous orinciple o:i vhoe fungus, desiznated
by Ford as Amanita-toxin, wWitn a2 view to reveaiving his ex-
periments on its toxiceity ana chemical nasure.

Schlesinger ard #ord (3l) 1isolased the :imanita-toxin
by a process winich they describe as rollows:

"One hundred grans oxr runzi, previousl; dried over sul-
phurie geid, wWere tfianely gzround 2aad otne povdersdu material
throughly triturated vish 300 cc of vb per cens €tnyl alconol.
i+'he resiaue was twice treacted in the same wy, =2and Tinally
mixed wisth 100 ec of =alconol oI the sume strengoeh a1ad allowed
to starnc oOver nighte the liguid orf ohi8 IdNurun eXbtracuion
was unitea Witn tae tirst sthree fraciions, magLing a tosal of
1000 cce. After careful neutralizavion with sodium Garbdonase
the eXTtraciu was evaporated under diminished pre:sure until
all the alcohol had been dissilled away ana tne volume of
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the remaining fluid nad become reauced to 150-200 ce. After
filtering from depnosited fauty aciaa, etc., The soluvion was
mnade very slightly alikaline with sodium carbonate and treat-
ed with a 15 per cenu solution of silver nicrate. 2 volun-
inous precinicace was formed. Yhis, being non-toxic, was
discarded. <vthe filtrave was freed from tne slight ezxcess of
silver by means of sodium chloriae ana, now neutral, Was
treated with a solution of basio lead acetate prenmared in
the usual way. Another non-toxic precipitate was formed and
wAs alaso discarded. The filtrate (sometimes a aonsiderable
amount of toxiae material was included in the £irst lead
preogivitate. Thia snould, therefore, be treated with a sat=~
urated sodium sulphate solution and *filtered. The filtrate
is again orecipnitated with basic lead acetate. The precip-
itate may now be discarded and the new filtrate treated as
described) from basic lead acetate was treated with an ex-
g9ss of a saturated sodium sulphate solution for the removal
of lead and to this filtrate phosphotungstio acid ( 10 per
cent phosphotungstio aoid in 5 per cent sulphuric acid) was
added in slight exeess. <Lhe phosphotungstioc preaipitate was
desomposed with barium hydrate and the filtrate from the
barium compounds was filtered off and the resulting fluid
found to oontain the poisonous substanae. Op subcutaneous
innosulation of both rabbits and zuinea pigs this fluid was
highly toxioc, 1 co oontaining 0.0004 gram of organic and no
inorganic material, killing the animals acutely in from 24-
48 hours and producing the pathological changes characteris-
tio of poisoning by Aimanita-toxin."

(2) Experimental
A. Phalloides extracts IVA and IVB

l. Preparation of Phalloides extraots
IVA and IVB

Phalloides extracts IVA and IVB were nrevared from 102
grams of dried Amanita vhalloides. The exacet procedure,
quoting Schlesingzer and Ford where vossible, is here given
in detail.

The mushrooms were ground and writurated in a porcelain
mortar with 300 oec of 65 per oent ethyl aleohol, and the ex-
traot expressed through linen. The residue was twice treated
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in the same way and finally mixed with 100 cc of 65 per cent
ethyl aloohol and allowed to stand over night. The ligquid of
this fourth emtraotion was united with the Pfirst three frac-
tions, and filtered through coarse filter vaner. <The volume
was then 700 cce. (At this point Scnlesinger and Ford neutra-
lized the extract with sodium carbonate. Although this
neutralization was overlooked in this experiment, the toxin
was not destroyed at this stage, for the extract was toxic
after aonecentration.) The 700 cc was divided into two por-
tions. Portion IVA was congentrated from 466 cc to 140 go
under reduoed pressure at a temperature not exceeding 40-C.
Portion IVB was concentrated from 234 oo to 60 cc at a. tem--
perature not exeeedjng 40°C. The temperature most of the
time was between 25 C and 30°C. The coroentrated extracts
were then neutralized to litmus with sodium cearbonate.

Ford (l14) used thymol to preserve his extracts.

Thymol gives 3ll of the protein tests that depend upon the
benzene ring. I{ was planned to use the-extracts in later
experiments that would necesaitate teating for the presence
of protein. Thymol was therefore unsuitable as a1 preserva-
tive. The effeot 0T citner preservatives uoon the Aminita-
toxin has not been studied. For these reasons, the extragts
were kept frozen in a shelter outside the building, and were
allowed to melt slowly at room temperature whenever needed
for uae.

2 1Toxiaity of aoncentrated orude
Phalloides extraact IVA

o Five cubic centimeters of extract IVA was heated to
65 C for 30 minutes, cooled, made isotonic, and injected
suboutaneously in the belly of rabbic number 3, weighing
2100 grams. The rabbit died in 36 hours. There was =
sawollen flabby mass at the site of innoculation, and a sub-~
gutaneous gelatinous edema.

3 Pailure to isolate the toxic prin-
cinle in Phalloides extract IVA

One hundred twent,; cubicoentimeters of extract IVA was
filtered through #50 Jhatman filter paver uander suciion. To
this extract was added 20 ae of 15 ver cent aqueous silver
nitrate, and filtered. Lo the filtrate was added 30 ca of
the silver nitrate and filtered. rThe filtrate gave no further
preciovitate with more silver nitrate. 3aturased aoueocus
sodium chloride was added until small filtered nortions of
the solution no longer gave a vrecisitate. To the filtrate
was added basic lead acetate (prepared according to Jdawk
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Sohlesinger and Ford, but the resulsving filtrate was nob
utilizeé&.) To the basic lead acestate Ffiltrate was added
saturated aqueocus sodiur sulphate until there was no furtaer
precipitate. Ten per cent nhosnhotungstic acid in 5 ner cent
sulphuric acid was added. A very 38.all precionisase foined.
Upon filtration, the preaipitate waa a lient pink in ¢olor,
and both the orecipitate and filtrate gave off a gsveet are-
matie odor. DThe precinitate was allowed to dr, arnd wvas
seraped into a snall volume of saturated agueous barium
bydroxide, and diluted with discilled water. the pink qolor
disappeared, and also %he aromatvi@ odor. JLiere appeared to
be no reaaivion, and the pregipitate did not seem to dissolve.
The solution was filtered, and zave 70 oc 0f a @lear very
light yellow liquid with a sour smell, slowly alkaline to
litmus. It was made isotonic, arnd a small piece of thymol
was added.

Pgur cubiac cenvimeters of this final exiract heated to
65°=-709C for 30 minutes was injected subcutaneously in the
belly of rabdit number 6, weighing 1900 grams. ~Lhere was
no pathologiaal cnange, and after 7 days, there was no evi-
dence of the site of injectioni The rabbit was used later
for other toxicit, tests, and was alive 3 months later.
This s2ame rabbit had received 0.50 c¢e of the same solution,
5 days previously, in an astempted mirirum lethal dose
determination, with three other rabbivs, numbers 4, 5, and
7, that received 2 ¢a, 1 oc, and 0.25 cc resoeciively. All
of them lived, with no evidence of 1ll1l effect of the injeo~
tions . This showed that either (1) no Gtoxin wasjoregent,
or (2) that it was destroyed by, the neating bto 65 -70"C for
30 minutes.

That the second possibility did not exist was evidenaed
by the subcutaneous injection, uvaree monuvhs 2fter its pre-
paration, of 3 ac of the unheated sslution 1in radbit 23,
weizhing 1000 grams. The rabbit lived.

It was .herefore concluded that 3 poisonous substance
wasg entirely lacking in the final solution.

4 PFailure to find the Gtoxic vrincinle in
agqueous susoensions 2f the nrealoitates
obtained in the pro.cess of purification
of Phalloides exiract IVA
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It was thought that possibly the toxio vrinciple in ex-
tract IVA had been carried down by ene of the nreclolbates
in the »nrocess of purification. #ith this in mind, each of
the dxy oreoipltatea was place@ in 50 agc distilled’ waser,
well ahaken at inge ls, 21lowed Go stand over night, and
then heated %o 65 C for 30 minutes. Lhe supernltant
Pluids of 311 were non-BOX1o. details are as forllows:

The first silver nitrate nreacivitate susnension was
neusral to litmus, and was made up to 1 per cent sodium
ehloride. Four cubic centimeters injected subautaneously
in rabbit 11 weighing 2500 grams lefi only a3 small red swell-
ing after 4 uays.

The seacond silver nitrate nreeipitate suspension was
neutral to litmus. Sodium ohloride solution nroduced a
precipitate, 80 none was gdded. Injection of 4 ea in rabbist
8 weighing 2650 gra..s caused a pouchy blood-stained sac at
the point of innoculation, orobably dus o free silver
nitrate. ©LThe radbbit did not 1pnear ill, and sinece the sore
nealed very slowly, he was killed 17 daJs later.

The sodium chloride nrecivnitate susvension was neutral
to litmus and was made uv to 1 ver cent sodium chloride.
Rabblt 9, weighing 2410 zrams, injecited with 4 0a, apreared
4 days later 28 1f he had never besen innooculaited.

The sodium sulphate pregivnitate susnension was neutral
to litmus, and was made up to 1 oer cent sodium chloride.
Four cubic centimeters injected in rabbit 10 weighing 2500
grame l1eft him in four days aonearing as if he had never
received the injection.

The phosovhotungstic filtrate was decidedly aaid in re-
agtion, and required 2 ca of saturated aqueous potassium
hydroxide to maxe it neutral to litmus. The peculiar aweet-
ish odor remained, but the color turned slizntl, greenish-
blue. The solution was made up to 1 ver cent sodium c¢hloride.
Four co 1n rabblt 12, weighing 2050 grams, produced no 1ill
effects.

The final barium hydroxide oprecivicate suspension was
neutral in reaction. Sodium chloride was added 1= before.
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Four oubic centimeters did not affect rabbit 13, weighing
1960 grams.

The sodium sulphate-basic lead acetate vnrecipitate of
the retreatment vrocess was neutral in waser. Addition of
80odium chloride caused a nrecinitate, so none was added.
Four qubic geuntimeters did nobt affeot rabbit 14 weighing
1900 gramns.

This exveriment cshows that the reagents employed were
not toxie in themselves, and also that the toxio principle
of the fungus was not carried down meghanically, or if so,
in suoch an altered state, that it would not redissolve or
retain its toxicity.

5 Determination of the particular stage
in the process of purification, at
whioh stage the Amanita-toxin was
destroyed

The gonosentrated crude Phalloides extract IVB was used
to determine the stage in the purification process, at which
the toxin was destroyed.

Two andoone half cubic gentimeters of this extract IVB
heated to 65°-70°C for 30 minutes, injeoted subcutaneously
in the belly, killed rabbit 7, weighing 2520 grams, in 36
hourms. The pathological changesa are described later in this
paper. .

To 53 cc of emtract IVB was added silver nitrate and
sodium crloride solutions, in thne marxer desgribed in the
purification of extract IVA. The Lfiltrate, after the sodium
chloride, was made neutral to Litmus with sodiuwm carbonate,
Turee aubic centimesers of shis Tiltrate, nsated to 65°-70°C
for 30 minuntes, was injected in radbbit 15, weighing 3C50
grams. This rabbit lived, altnough the site of innoculation
was red and blood-shot. Three cubic centimeters, heabted as
usual, injected in rabbit 9 weighing 2410 grans, caused
death in 20 nours. Three cubic gentineters, heated as usual,
injeated in rabdbit 10, weighing 2020 grams, caused death in
56 hours. Jvidently a toxic substance was present.
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To the remaining 35 ca of the silver nitrase-sodium
ghloride filtrate was added basic lead acetase and sodium
sulphate in the manner before desaoribed. Four cubic centi-
meters of this filtrate, heated 2s usual, killed rabbit 12,
Weighing 2050 gzrams, in 36 hours, and killed rabbit 13,
welghing 1960 zrams, in 60 hours. Rabbit 5, weisuing 2180
grams, died in 44 hours.

Sahlesinger and Ford (31) mention that a2 considerable
anount of the toxic material was sometimes included in the
first lead precipitace. o test this, the first lead ore-~
Qipltate from extract IVB was treated in the manner o
Sehlesinzer and Ford. The vrocess gave 17 cg of solution.
Four oubio centimeters of this liquid, heated zs usual, and

injeoted suboutansously in the belly of rabblt 4, welvning
2100 gran:s, produced no ill effects.

Lo the remaining £0 cec of the basic lead acetate-sodium
sulphate filtrate (which had killed rabbits 5,12,13) was
added pnosocnotungsiic 2acid and barium hydroxide in the
manner before described. This time, however, the barium
hydroxide mixture was ncated to 60°C but tnere was no
change. Ihe ¢old filtrate took one droo of concertrated
sulvonuric acid to induce 2 neutral reacuvion to litmus. Three
cubic centimeters of the filtrate, h:ated as usual, did not
zffect rabbit 11, eighing 2500 zrar.s, nor rabbit 15, weigh-
ing 3050 grams.

The phosvhotungstic filtrate from the procesz just above
was neutralized with sodium carbonate. Three ocubia centi-
meters, heated a2s uwsual, did not affect rabbit 6, weighing
1900 grams. Two cubie centimeters, heated, did not affect
rabbit 14, weighing 1900 grams.

6 Summary

Phe toxic orinceiple was nresent (1) in tue cruvde ex-
tract, (2) in the silver nitrate-sodium chloride filtrate,
and (3) in the basic lead acetate-sodium sul snate flltrzte.

Phe toxia vrinciole was absent (1) in the filtrate from
the retreatment orocess, (2) in the pnosnhotungsvio acid
reagent filtrate, (3) in the final barium hydroxide filtrate,
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and (4) in the supernatant fluid of all precipitates immers-
ed in water. '

It is evident:that: (1) If the toxin was present in the
phoaphotungstia filtrate, then 1ts toxicity was destroyed.
(2) If the toxin was present in the final barium hydroxide
filtrate, then its toxicity was destroyed. (3) If the toxin
was present in the barium hydroxide precipitate (whioh in-
aluded all of the phosphotungstia preaipitate that did not
g0 either into the phosphotungatiec filtrate or into the
barium hydroxide filtrate), then (a) The toxiaity was des-
troyed by either the phosphotungstio aocid reagent, or by
the barium hydroxide, or (Bb) The toxin was so altered that
the barium hydroxide precipitate would not yield a toxic
fluid uwoon being placed in water.

Certain chemical indications later given in this paper,
s8how that a portion of the toxin, in an altered condition,
was found in the phosvhotungstie filtrate.

B Phalloides extract V

At this time, there remained of the spagcimens of
Amanita phalloides only 32 grams of Amamita:verna. It waa
therefore nesessary to bring the investigation to as complete
a-eleose as the limited-amount-aof -Fthe fuagud pesrhitéeds: - With:
this in mind, the specimens were extraoted, and the puri-
fication process carried down to, but not through, the phosa-
photungatic aocid reagent stage. The toxlesity of the extract
was tested at eaoch step. Immunization of a radbit was
attempted, and a chemical investigation was made concerning
the nature of the toxin, with the basic lead acetate-sodium
sulphate filtrate.

1l Preparation of Phalloides extragt V

Sinee the hemolysin had been shown to be abaent in the
speoimensa, it saemed feaslble to extract with distilled
water, instead of 65 per cent ethyl alocohol. The 32 grams
of A. verna were extraoted with 320 oc distilled water in
the usual manner. The dried remains from the preparation
of Phalloides extracta IVA and IVB, amounting %o 62 grams,
were extracted with 500 aec distilled water, and added to
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the 4. verna solution. The sombined extracts, amounting to
676 oo after filtration, were neutralized to litmus with
sodium carbonate, and eoneentrated o 150 e¢ wunder reduced
pressure, at a temperature not exaseding 30°C. o thymol
was added at this time.

2 Toxleity of Phalloides extract V

Thrse ogblae centimeters of goncentrated extract V, heat-
ed to 65°-70"C for 30 mimites, and injected suboutaneously
in the belly, killed rabbit 16, weighing 1150 grams, in 20
hours, and killed rabbit 17, weighing 1150 grams, in 20 hours.

3 Toxiolty of the silver nitrate-
80dium ochloride filtrate

Extraot V was treated with silver nitrate and sodium
chloride in the manner previously desaoribed. A 3 oc dose,
heated and injected as usual, killed rabbit 18, weighing
1250 grams, in 40 hours, and killed rabdbit 19, weighing
1000 grams, in 48 hours.

4 Toxicity of the basiac lead acetate-
sodium aunlphate filtrate

The ailver nitrate-sodium ohloride filtrate of extraot
V wag treated with basic lead acetate and sodium sulphate in
the usual fashion. The solution was neutral to litmus. A
3 oa dose, heated and injeated as before, killed rabbit 20
weilghing 1000 gramsa, in 40 hours, and killed rabbit 21,
weighing 900 grama, in 48 hours.

5 Lack of toxicity in the oontrols

A silver nitrate-sodium ochloride control was prepared
by adding 2 oc of the 15 per cent aqueous silver nitrate
solution to 100 o¢ of distilled water, and precipitating
with 5 c¢c saturated aqueous sodium chloride. The filtrate
gave no further precipitate with sodium ochloride solution
and was 0f gourse neutral to litmus. One and a half cubic
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aentimeters in rabbit 22 weizhing 1000 grams, ard 3 ce in
rabbit weighing 900 grams, were not toxic in any dezree.

To the remainder of the silver nitrase-sodiwm cnloride
solution was added bvasic lead acetate solution until there
wWas no more precinitation. To the filtrave aquecus ssdium
sulphate was then added until oreciniivation was comnlete.

LThe filtrate was neutral o litmus. Jhree cubic cersirevars
injected in ravbis 24, veighing 1000 grams, and 3 cc injecsed
in rabbit 25, weighing 1100 zrams, were nobt toxiae in any
degree.

6 Summary

Phalloides extract V was Gtoxie (1) in the arude extracs,
(2) in the silver nitrate-sodium chloride filtrate, and (3)
in the basic lead acetate-~sodium sulphate filtrate. Control
solutions prepared in the same manner as extract V were
non-coxig.

(b) The chemical nature of the imanita-soxin
(1) Historical

Rabe's (28) alcohol-soluble, etn=r and chloroform-in-
"8oluble tvoxic subssance gave the positive 3ligaloidal testa--
pnospnobungstic acid, vaosonomolybdie aeid, Zsbach, layer,
picric acid, Jdragendorff, Krauv, Kiliani, and otaers.
Ammonical silver nitrate was blacxened b, warming. Gold
anloride was discolored, and Feuling's solution was positive
onl; after long heasing with aydroculoric acid. Rabe is
nreertain whether the reducsor in the Feanling's test belongs
o the &oxin or not.

Sahlesinger and Ford (31) obtained different reaciiong.
'he, desgribe their final sSoxic osroduat as follows:
®"Amanita-toxin is ver; s~ luble in water, less so in 80 per
aent alcohol and only ver, littls soluble even in hot absolute
2lconol; it 1s insoluble in the ordinar, organlc solvents.
Ita aqueous solution is ovnticeally inactive. It is a fatrly
stable compound for it can be boiled in absolute alcohol and
in aqueous solution for some time without suffering seriouns
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losa in toxiocity; it is only very slowly affeacted by acids
at room temperature, retaining its toxiaeity for several days
when thus treated. Boiling aecids, however, raonidly destroy
the poison. It does not reduce Fehling's solubtion either
before or after prolonged boiling with 5 or 10 per aent
hydroghloric acid. With the excepuiion of ohosphotungstio
aqid, this soxin reacts with none of the aikaloidal precip-
i%ants, nor does it respond to any of the alkaloidal color
reagentas. (For a list of tnese, see Kippenberger, Nachweis
von Giftsoffen.) It does not sive the biuret ftest or Lillon's
reaction. de may, therefore, conaclude that this poison is
neither a glucoside, an alkaloid, nor a proteid in the gen-
erally accepted sense of these terms. The following reactions
give ua a clue to its identity, and we are convinced that
these reaotions are due to the Amanita-toxin itself beocause
of our rigorous method of purifieation and beaause the teats
become more pronounced as the procsess of purification ad-
vancea. PFusion with metallic potassium and subsequent treat-
ment in the usual fashion shows the presence of nitrogen and
sulphur. Ry bolling a goncentrated solution of the purified
toxin with hydrochloric acid .and subsequently treating it
with barium chloride the sulphur was shown to be present as
conjugate sulphuric acid. (The solution gave no test for
sulphates before boiling.) #hile making the fusion with
potassium a strong odor of fatty amines was observed, and

the gas evolved gave white fumes when a drop of hydrochlorio
20l1d on a glass rod was brought near. To determine whether
the toxin is a subwtance from whioh amines may be split off
by reagents ordinarily used for this purpose a small portion
of the dried material (Boiling with a solution of potassium
hydrate gave no noticeable amine odor or alkaline fumes) was
mixed in a test tube with powdered potassium hydrate. The
amine odor was notigeable at once, but after heating, the
persistent and unmistakable odor of indol comovletely masked
that of the amines and a pine splinter moistened with oon-
centrated hydrochlorie acid zave the aharacteristic pyrrol
red when held in the mouth of the test tube. The apolication
of the tryotophan test of Hookins and Cole gave negative
resulta.™

Ford and Prouty (18) laser corrected this analysis to
the extent of @eciding that no conjugaste sulphate was present.

(2) Experimental

The basic lead acetate-sodium sulphate filtrate from
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extraot V (whioh had been shown to contain a poisonous sub-
atanoce) was examined. Inasmuch as his filbtrate contained an
exageas of sodium sulphate and possibly some lead acetate, or
traces of other gompounds of the purification orogess, a con-
trol solution was prepared from distilled water, and »nut
through tne same process as was the mushroom extract. 4All
tests made mpon the toxie solution were also made u»son the
control solution, and the results acomnared.

By the comparative procedure above, ths following
protein tests were found negative: (1) Millon's, (2)
Tanret's, (3) Heller's, (4) Spiegler's, (5) acetic acid and
potassium ferrooayanide. The zaromatic odor, so noticeable
in the phosphotungstic filtrates of extracts IVA and 1VB,
was present in Killon's test, was less strong in Heller's,
and was doubtful in Spiegler's and Tanret'as. The reagents
of these teats are comocsed largely of strong aeids, and it
was thoucht that the odor might be due to the acid decom-
poaitioz of the toxin. This belief was strengthened by the
faot that no such odor was given by the control solution
when either phospnotungstic acid (reagent) or any other
acid, was added to the control.

liinhydrin gave a persistent daric violet color, with
a tinge of red in direct sunlight. =Zawk (22) notes that
this test is given by eertain amines, so it was thought
that this reaction was given by &the amine in Schlesinger
and Ford's toxin, rather than by 2an amino acid.

Sulphuric aeid, nitricec acid, 10 per cent odshosphotungstio
acid in 5 per cent sulphuric acid, and 10 per cent aqueous
phosphomolybdic acid, gave no alkaloid or zlucoside reactionsa
upon being added to the toxic solution. 4All gave the aro-
matic odor.

Other negative teats were: (1) tannic acid, (2) auric
chloride, (3) Llayer's, (4) the prussian blue test with po-
tassium hydroxide, ferrous sulphate, and hydrocihloric acid
for hydrocyania asid, (5) the zuaiac test for hydrocyanio
acid, (6) Guy's or .denzell's, 17) tne furfural reaotion
with cam@sugar and sulnhuric acid.

In contrast with the nossible arine reacuion with the
ninhydrin, no amine odor or nyrrol red test with a nine
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splinter qould be obtained upon boiling with powdered po-
tasaium hydroxide. Benzenesulfonyl chloride gave no amine
reaagtion, and an attempt to diazotize with hydrocnloric =2cid
and sodium nitrite waa unsuccessful.

One and a half cubic aentimeters of the toxic solution
was evaporated to dr,ness in 3 small test tube. Zlementary
an2lysis by sodium decomposition showed Hthe oresence of
nitrogen and sulohur. Since a vpositive sulokbur test was
also given by the gontrol, the aulphur determination lacked
eonclusive value.

(3) Suwmmary

The basic lead acetate-sodium sulphate filtrate from
extract V gave only four definibte reacusions: (1) a light
pvink-ceolored preciovitate, and a sweetish-vinegar-odor, with
10 ver cent onospnotungstioc acid in 5 per cent sulnhurie
acid, (2) the characteristic odor, with sulvhuric acigd,
nitric acid, and phosvhom.lybdic acid, (3) a persistent
dark red-violet golor with ninhydrin, and (4) nitrogen by
elementary analysis. It was conocluded that the toxic
pringinle nresent was essentially that of Schiesinger and
Ford, and definitely not alkaloidal in nature.

(4) Attempt to find, by cherical means,
the toxin lost in extracts IVA
and IVB

#ith the above chemical summary in mind, an attempt was
made to locate, by chemigal reaction, tne toxin whieh had
disanneared in the progess of purification of extractis 1IVA
and IVB. The following solutions were examined: (1) the
phosphotungstisc agid rea=zent filtrates (neutralized) from
IVA and IVB, (2) the barium hydroxide filtrates (neutralized)
from IVA and IVB, (3) the barium hydromide precivitates
(in aqueous suspension) from extracts IVA and IVB.

Phosphotungstic filtrate IVA ggve a deeo violet with
ninhydrin, and no nitrogen test b, elementar, analysis of
1.5 cc evaporated to dryness. rPhosonkotungscic filtrate IVB
gave a wine red with ninhydrin, changing to tan on eooling,
and no nitrogen test.
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Barium hydroxide precipitate susvension IVA gave 13
light blue with ninhydrin, which was also given by a control
solution. The other three fluids were negative wish ninhy-
drin. Do nitrogen tests were made for them.

iuric cehloride gave, on boiling with the phosnhotungstia
filtrates, a2 black-brown orecioitate shat sould nos be ex-
plained b, the action of a control solution.

From these reactions, nothing definite comld be learned,
exoept Tthat ocossibly some of the inactivated toxin lay in the
phosphotungstia filtrates, in an amount sufficient ta give a
posltive ninhydrin test, but insufficient to give a nitrogen
test by elementary analysis of 1.5 oc evaporated to dryress.

(o) Attempted imrmnization

Immunization of a rabbit was begun, altaough Ford, =8
previously satated, was unable to obtain a definite artifiocial
immanity; for the Amanita-toxin.

To eatablish roughly the minimur lethal dose, on Febru-
ary 20, a 1000 gram rabbit was given 2 sc. A 900 gram rabbit
was given 1 cc (heated as usual). The 1000 gram rabbit died
in 30 hours from the 2 c¢c injection, while the 900 gram
rabbit was still alive two months later. Therefore, the
minirmam lethal dose for a 1000 gram rabbit, seemed to lie
between 1 and 2 oc.

Rabbit 15, weighing 3050 grams, was canosen for the
immunization. This rabbis had oreviously surviwed a non-
toxie dose of 3 ac of the barium hydroxide filtrate from
Phalloides extraet IVB on February 6. Strangel, enough,
the rabbit had not succumbed on Januwary 27 to 2 lethal
injeetion of 3 cc of the silver nitrate-sodium chloride
Piltrate of Phalloides exuract IVB which had killed 2 other
rabbits at that time. In fact, rabbit 15 was the only
animal presenting an inconsistency in the behavior of the
rabbits to lethal doses. The immunization injectiona were
made Bubcgtaneously, and in each c¢ase, the fluid was heated
to 65 =70"C for 30 minutes.



Table 4

Immanization of Rabbit 15

Date Dose
February 24 0.25
Margh 3 0.50
Liareh 10 0.75
ilarch 17 1.00
Maroh 24 1.50
Mareh 31 2.00
April 7 3.00
April 14 4.00
ipril 21 5.00

ag
s)(e]
Qc
s X

ca (about one lethal dose for 1000 gram
rabbit)

3o
¢a (about two Bethal doses)
ce
ag

v

Rabbit 15 was to have been bled the week of ipril

flulid was redetermined.
rabbits used in this determination, weight,

sefore

boxio injections,

d>ing 8o, bthe toxicity of the immunization

and present dose.

Table 5

Ifable 5 gives the number of the
previoua non-

Minimom lethal dose of impunizasion fluid as of April 28

Rab-
bit | weight
num-| 1in Present
ber [ grams Prior non-toxic injections Dose|_Date
2 2660 4.5 ac BaQH control f£iltrate Jan. 8
3.0 g¢ Solitaria extract IA Feb. 10
(neated) 3 cojApr. 28
4 2100 |2.0 ce BaOH filtrate, rhalloides IVA Jan. 17
4.0 cc Retreatment filtrate, IVB Feb. 3
3.0 ¢c Solitaria extract IA Feb. 10
{heated )l 2 oc|Apr. 28
6 1900 {0.5 cao BaOH filtrate, Phalloides IVA Jan. 17
4.0 ge BaOH filtrate, Phalloidea 1IVA Jan. 22
3.0 ¢¢ Phosvnotungstic filtrate, IVB Feb. ©
(not heated)| ¢ ocliay 2
11 2500 |4.0 ac AgliOz not. susoension, IVA Jan. 23
3.0 cc BaOH filtrate, Phalloides 1IVB Feb. 6
(not heated)| 4 co jlizay 4
26 2250 inone (not heased)id.5aa |liay 5
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- The 3.5 o0a given rabbit 26 represented all of the re-
maining immunization fluid. A4ll of the above rabbits lived,
Wwith no apvarent i1l effeats from the injections. From this
it is evident that the fluid had entirely lost its tomiaelty
by dpril 28. However, on Februar; 20, two cubic centimeters
killed a 1000 gram rabdbit in 30 hours. From February 20 to

April 28, the neutralized fluid had been kept in the ice box,
preserved by thymol.

(1) Summary

I'he important point here is that the toxiec substance
was quite unstable. "'his bears out the results of our
previous attemptsa to purify the toxin, for the toxie prin-
Giple was destroyed by the phosphotungstic acid reagent-
barium hydroxide treatment. Ford's toxin survived this
treatment and aprarently remiined toxic over a comparatively
long veriod of time. It is suggzested that Amanita-toxin,
like the hemolytic zlucosaide, is not of uniform quantity,
or nasure, in s»necimens o0f Amanica ophalloides.

(3) Pathological changes »rodused by Amanita
phalloides poisoning

(1) Historical

The differences of ooimhion between iord and Kobert in
regard to the pathology of Amanita phalloides intoxzication
have been discussed in the introduetion %o this paner, and
it has been suggec=ted that Kobert’'s views possibl; now agree
with Ford's. Present observations, in the main, confirm
Ford's statements.

Ford (11) sumrcarizes tne chranges >roduced:

"2, The lesions »roduced b, bthe whdile exiraci of the fungus
consist of gastric and intestinal ulcers, hemdrrhages, neoro-
sis of cells, fatty degeneration, hemo ~lobinurea, and osig-
mentation of the spleen and other organs.

3. The lesions oroduced by the imaniita-toxin consist of
gastrle and intestinael ulocers, her.orrhages, uecrosis, ind
fatty degenieration, and to 2 certain exteni tue, anoroximate
the lesions seen in man.
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4. The Amanita-hemolysin acts upon animals by virtune of its
blood-laking oroperties, produeinz the nermoglobisurea and the
pigmentation of the soleen characteristic of remoljtic intox-
igations.”

111 following referenoses o previous natholozical find-
ings refer to the above article by Ford, unless desizrated
as the observation of Rabe.

In discussins the pathology, tne rabbits are referred %o
by numbecr. 1Lable & gives the mumber of the rabbit, the
weight, prior non-toxie in ecsions, and the leshal injection,
with dates, and hours before death.
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Table 6
Lethal experiments with rabbits
lWeigﬂt {Hours |
Rab- 1in Prior before
bitl gramd non-tokic injections | Lethal Dose Date |death
ethal injeations of crude extracts, heated 65°C, 30 mirmutes.
3 2100 | non@.e.veeenanns cececsss, B5aa IVA extract| Jan. 14| 36

7 N 2520 0025 cC IVA B&OH filtl‘&te ® 8 0 0 000 00 00 Jan. 17 *® 0 0 00
® . 00 00 0 00t o e s e s T GO e e s 2.500 IVB extt Jan. 22 36

16 11150 | BONO@eecoccococcesne esse] 308 V¥ extract Feb. 15| 20

17 |1150 | NO0N@e et eeeeenusnnans ..|3cc V extract Feb. 15| 20

Lethal injections of the silver nitrate-sodium chloride sols;
9 2410 | 4co LIaCl ppt.IVA suspegsion........... Jane 23 |eeese
3ac IVB AgliOg-
cescrssceasescsssensessel NaCl filtrate Jan. 30| 20

10 (2020 | 40c IVA basio lead acetate-
1‘;32804 pptmspenaion ® 6 000 88 009000 sce Jano 25 e o0 00

| e esesw Ceceee e «...| 3ame as # 9 Jan. 30 | 56

18 1250 none..........ﬂ.’....’. 300 vAgIIOz—
NaCl filtrate Feb. 15 | 40

*¥19/1000 [ 710N€eeecccscccennnne ..| same as # 18 Feb. 15 | 48

Lethal injections of the basie lead acetate-ﬂazso4 8o0ls

5 2180 103 IVA B&OH filtl‘ate ..... ® & o & & v 2 o8 Jan. 17 s ® ® a e
4c0 basic lead
agcetate-1ia S0

¥ ¢

e ® & ® & & 2 o e 0 e & o o v @ s 0 . e filtrate I Feb‘ 5 44
12 | 2050 |4cac IVA phosphobtungstio ..cecccvee.cee{dan. 283 feevss
® & ® & & & & © & & * 8 ¢ 5 & S O S 0 o0 4 Same 33 # 5 Feb. 3 36

13 |1960 |4ce IVA BaOH o0b.S0Spension «ee.o.....|Jdan. 23 hoeo..
same a8 #F 5 Feb. 3 60

*20 looo Y1OXQ e 0 e ¢ ¢ 006 02 v 020 a0 « oo p 300 v basic
lead acetate-

Ha1pS04f1ltrate| Feb. 15 | 40

21 900 |NON@eecscesoessssessees} 8ame as #F 20 |Fedb. 15 |48

* not exan.ined for pathology
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A.External examination and gross changes

Post-mortem rigidity was 3 conditon rnosed in all %he
animals, but mentioned by Ford as lacking in man. Resdiratory
distress, evidenced by bloody foam at the unose, was found in
rabbists 7, 17, and 18.

Lne aoddearance of the site of irnoculation varied.
fzbbits 7, 16, 10, 5, showed no external injury. Rabbit 3
presented a flabby mass 4 em. across, tyvigally produced by
hemol, tle extracis, according to Ford. Since our extracts
gontained no hemolysin whatever, it aprears that this reac-
tion may; 2lso be nroduced by other than henolytic extracts.

A 8imilar, but smaller mass, was found on rabbit 18. Lumbers
17, 12, 21, were red and bloodshot. The skxin of rabbit 13
was a pale green in 2 svot 2.5 @em across.

Subcutaneously at the site of innoeulation there often
was an extensive gelatinous edema extending towards the
bladder, pvarticularly xnoticeable in 3, 17, and 21. ©The green
golor noticeable externally in rabbit 13 was evicent subou-
taneously over almost the entire peritoneum. Also there was
pregent in 13, a mass of connective tissue becoming thicker
towards the bladder. liumber 10 had 3 tissue growth 3.5 om
across by 0.75 com thick, which resembled a piece of commer-
cial dried pressed apple.

Subgutaneous hemorrpage and pigre:int svots wvere found
in 7, 17, 12, 5, and 21, but 7ere noticeably absent in 9.
Hemoglobinurea, emphasized by Ford as prominent in the hem-
olytie intoxigation, but found 1n only, one animal by Rabe,
wa8 not souzht for in the examination. After the examin-
ation of several carcases, it was observed that in most
cages the bladder either waa well distended with urine, or
distended, but empty, showing release of the urine after
death.

(1) Suwnmary

From these observatstions it was coneluded uvhat /ith Ghe
exaeotion of poat-mortem rigidity, thsre were no uniform
gross changes, although respiratory distress, subcutaneous
hemorrhagze, and subcutaneous pathological Uissue zrowths
were Gommon.
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B. Ilicroscopiae examination
With the assistanoe of the histolozy olass of the Jiinter

Quarter 1930, representative tissues were seationed arnd

mounted vermanently in balsam. .able 7 shows the tissues
examined.

Table 7

Tissues exanined microsgooically

Rabbit and gause of death

Silver nitrate- | Basia lead aocetate-

sodiuvm cnloride 8odium sulphate
Organ Crude extract filtrates filtrates
spleen 16, 17 9, 18 12, 21
liver le, 17 9, 18 12, 21
lung 16 9, 18 12
kidney 16 9, 18 12, 21
heart 7 9 1z, 13

In the soleen, Ford found, with the henolysin, consid-
erable extravasated blood and a grealt irnorease in blood pig-
ment. The latter was absent in poisoning by the toxin.

The crtde exiracs oroduced in tae soleen of rabbite 16
and 17 more than the nornil wount of extravasated blood,
and 2 an3ll, but by no means nrominent, arouunt of blood
nigrment. lthis agrees with the faget that the extiaci was
not hemolytic. Rabbits 9, 18, 12, and 21, also saowed
extravasated blood, but no excessa blood nizmens.

The liver in all rabbits presented tne ost stricing
change. There was 3 decided fatty infiltration of the liver
cells and Patty degerieration. Phknotic nuclel were frequernst,
and the nuclei of the henatic eells showed degenerative
ehanges. Laxny blood cornuseles lay free in the bile capil-
laries, often com»oletely filling them. ‘his condition of
the liver is egsentiall; the same as that found by Ford.

The lungs of 16, 9, and 18 were conzestza /ith Dblood,
Rabbit 12 did not onresent a definive excess of blood. In
18 there ./as noticeable at times /nat andeared to be a »ath-
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ological fat content in the tuniea adventitia o2 the small
arteries and in the mucosa of the branchioles. Xabbit 12
appeared t0 have the same excess fat in the adventitia of the
Small arteries, but not in the large arteries or in %he
branchioles. 3Blood pigment Was in no gase srominens. ord
observed in the lungs many free blood corousclies and an
#xaess of blood oi~ment in poisonings b, the whole extraics.

Ford marked thas, .ith tas whole exir2et, the xidney
saowed "a uniform oondlﬁon of congestion and hemorrna e, the
f£idne; cells are shrunien from Hthe basement menbrane ahw are
the seat of hyaline degereration.™

Jabbit 16 died from the 1Ldecuion of the whole exiract,
but the kidne, sections did =not show a alear aicture of %she
gondition Tound b, Ford. rhere wais 2 1little fat in the
tudbules, buv not sufficient to be definitel, abnormal. The
kidney cells, in olaces, did anoear t0 be svmewhat sarurken
from the basement membrane.

However, the kidneys of rabbi.s 9 and 18 were decidedl;
abrormal. Congection of blood was noted in the enlarged
llalpighian corpusacles and in the gapilliaries adjaceni %o
the tubulea, both in the cortex and rnedulla. Excess fat was
found between the basement membrane and the epithelium lin-
ing the tubules, also in the lumen of the tubules. Fat was
sometimes present in the .lalpighian corpuscle, lying between
the simple squamous epithelium of Bowman's capsule and the
glomesius. Papticulariy near a large arter; the fat was ex-
cessive in the lumen of the colleciing tuvules and in the
aacending limb of Henle's loop. In 18 there secmed o be
exceas fit in the glomeruli, between tune capillaries. Rabe
found little change in the .tidnej, exzcept enlarged DBowman's
capsules. He seldom found fat in the rabbit in the golleot-
ing duets and in Henle's loop. 4he kidney sections of rabbiss
12 and 21 were poor, but some fat aould be seen in tne tubules
and in the Malpighian corouscles.

In the heart, Rabe observed, with bLabtn herolysin and
"alkaloid™, a rather rica fat content of the neart musale,
and sometimes amall gapillary bleeding between the nuscle
fibers. Ford noted with the whole extract and with the toxin,
and to a lesser extens vith bthe hemolysin, "h,2line degeun-
eration, nuelear vacuolation, and at times almost complete
destruciion leading to the appearance of small areas of foeal
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necrosais.” (in the macle fibersa).

o partiaular pathologieal lesions of the above nasure
were found in the heart sections of rabbits 7, 9, 12, and
13. There were a few stray red blood cells, but nobhin? ex-
tensive, and by no means was pathological fat present.

1 Summary

Of the various leczions noted, none asuld be described
28 peculiar %o an, one of the three toxic solutions employed.
Extravasated blood was roticeable in the lungs. rfatty degen-
eration in the liver and kidneys confirm the observations
of Ford and Rabe. The lack of excess pigmentation in the
spleen supports Ford's view that this change is neculiar to
the hemol ;sin. <{he unchanged aondition of the heart muscle
is contrary %o both Ford's and Rabe's observat ions, However,
seoiions of both ventricle and auricle were examined under
0il1l immersion, and nothing unusual ceould be found.

VI Summary

l. The delicacy of various protein tests is given, and
1t is pointed out that a2 negative biuret or Lillon's test is
not conaelusive of quantitavtive protein elimination.

2. Metaphosphorio acid is unauitable for quantitative
protein precinitation, the use of uranyl acetate ia gquestien-
able, and tricholroacetic acid, tungstiec acid, or picriec acid
would be preferable.

3. Agueous extracts of dried specimens of Amanita sol-
itaria obtained from the vieinity of Aithens, Georgia, were
neither hemolytie nor agglutinative for oat or human red
gorpuscles.

4. Amanita solitaria is non-toxie for rabbits and
guinea pligs.

5. <The presence of a zlucoside in the non-hemoljytio
dried spedimens of imanita solitaria was found unliizely.

G Aqueous extraats of dried specimens of Amanita
phalloides obtained from the vicinit, of Achens, Georgia,
were not hemolytic for g9abt or human red eorauscles. fhis
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confirms the findings of previous investigators that the
hemolysin is a variable constituent.

7. The Amanita-toxin is not an 2lkaloid and orobably
qontains an amine group, but in this investisation, (a) the
toxio sumubstanse dild not survive the phosphotungstic acid
reagent-barium hydroxide trastment, and (b) it did not re=-
tain its toxicity upon standing for two months. It there-
fore apoears that in specimens of \Amanita phallcides obtain=-
ed from different localities, that the Amanita-toxin is not
of uniform nature, and nrobably varies quantitatively.

8. The Amanita-%oxin induced in rabbits post-mortem
rigidity, and fatty degeneration, espeaially in the liver
and kidneys. The neart was free from fat. The laek of
pigmentation in the s»leen confirms the observation of Ford
that this condition is caused by the hemolysin.
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