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THE ACTION OF THE TOXIN OF GROTALUS ADAMANTEUS ON BLOOD

| Thé subject of snake venoms has received a great
deal of attention. Velir Mitchell and Reichert have published an
extended number of researches upon the venoms of‘poisonous,ser-
pents through the Smithsonian Institute (1). Noguchi, in 1909,
 in.a monograph of the Carnegie Institute of quhihgton brought
our knowledge of the subject up to date in a very extensive form.
“ »'Orotalus toxin as described by Mitchell is a pale
yvellow somewhat viscid fluid, fhe specific gravity of which is
.between 1.08 andil.O?. It‘is invariably écid to litmus. The
venom dries quickly at low temperatures fo a brittle mass re-
‘sembiing dried serum. " The solufion of dried venom undergoes
putriféctiée decomposition and gives an unpleasant odor. The
tdxic prdpertieg disappear'frbm such decomposed’solutions;
‘From a chemical analysis Mitchell believes the venom
to‘contain: | |
1. Albug:r{noid body not coagulable by heat
at 100° ¢.
2. Albufinoid coaguldble at 100° C.
: 3. A coloring'matter and aﬁ undetermined
substance both éoluble in alcohol.
4. A trace of fatty matter.
5. Salts (chlorides and phosphates).

rZﬁfng‘.
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| | The proteins which are the main componént*have been

shown by Mitchell to be globulins and peptones. flexner‘(z)
called'attention to the close resemblance between some forms of
tox-albuminoids and snake venom poisoning and the preparation of
anti-venin by‘Calmetté (3) which confirmed their toxic-like

nature, has fostered a belief that the protein molecule is the
essential poison. | |

Strong evidence éxists, however, that~it is possible

- to separate pure toxic agents from the protein molecule to which
 they attacé,themselves. The work of Jacoby (4) especially

showed that peptic digestion removes much of the protein but
‘}‘1eaves'the toxicity well preserved. Mitchell prepared an active
subétance,'crotalin, which is an albuminoid body not coagulated

at 100° C and free from globulin and most of the other foreign
matter.- More recently'Faust (5) has prepaied from the venom of

¢. adamanteus a non-nitrogenous compound which he called crotalo-
toxin which he considers the active constituent that causes |
paralysis of the respiratory centers. He also claims it to have
the cytolytic, hemolytic and hemorrhagic principles. He'assigned
‘to 1% the emperical formula Opp Hpg Oyg + 1% Hp O. From his |
,pharmacological results the most prominent characteristic is the
paralysis of'thecentral nervous system and respiratory center.
Flexner‘and Noguchi (8), however,.pointed out that the hemorrﬁagic
ﬁrinciple was the most'important in the venom of crbtalus'and it is
possible that while this non-protein principle contains a considerable
degree of act;vity it does.not represent all of the polytrdpic act;oh
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of the venom. Welker (7) has recently taken up the work of
Marshall (8), which was begun in 1904 on the separation of
the toxic and non-toxic fractions of rattlesnake venom and
has succeeded in repeating Marshall's work. He 1is at the
present time engaged in further work on the toxic fraction
with a view to studying the nature of the toxic substances in
the venon.

Since the work of Fontana in 1787 it has been
known that the blood of animals dying of viper bite remained
fluid. Brainard (9) showed that when an animal, bitten by a
rattlesnake, died quickly, the blood on autopsy was coagulated,
but if the bitten animal died slowly the blood remained fluid
in the vessels. Weir Mitchell (10).confirmed Brainard's
finding and later Mitchell and Reichert (1) demonstrated the
anti-coagulating action of the crotalus venom in vitro.

Martin (11) in working on the venom of the
Australian black snake (pseltdechis porphyriacus) found that
when insufficient venom was 1njected‘to cause a coagulation of
the blood and death from thrombosis, there followed.a period
of non-coagubality of the blood. During this condition the
blood could not be caused to clot with larger doses of the
venom than would originally have produced extensive thrombosis;
Martin, therefore, drew a parallelism between this négative

phase phenome&? and that produced by Wooldridge's tissue
~

fibrinogen. . This, however, he withdrew in 1905 (12). =~ . . ~'-.°
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| Iﬂ the case of poisoning;in man by crotalus venom,
it is not the thrombic action but rather the anticoagulant
action that is essehtial. Flexner and Noguchi (13) have fixed
the amount. of venomlin dry form, which can. be oﬁfained by a
single extraction of both glands at 0.179 gm. to 0.309 gm. In
the smaller laboratory animals this amount is sufficient to
produce a thrombus, bﬁt is seldom sufficient in man;
“Arthus (14) in working on venoms both in vivo and in
| vitro divides the coagulant venoms into two groups. Those of
the thrombin type and the venoms of the type of organ extr#cts.
Houssay & Sordelli (15), however, point out that in 14 venoms
E studied by'them, all that-coagulate in vivo were found.to'be
thrdmbic in vitro. The apparent exceptioh to this generel rule
‘that'oniy venoms with the action of thrombin are capsble of
clotting‘in vivo is the venom of crotalus adamanteus. Because
this venom produces thromboses only when injected-iﬁ large doses,
they conclude that it has onl& a very feeble thrombin power.
i Houssay and Negfete (18) ﬁave shown that crotalus
- has a strong proteolytic action. Itlrapidly alters blood
fibrinogen. From this Houssay and Sordelli conclude thaﬁ in
vitrb the fibiinogen is destroyed befbre it can be clotted by
the weak thrombic action. It was shown,as.early.as 1904-£y'Mora—
witz‘ahd confirmed in 1909 by;Mellanby (17) and by Hirschfeld
and Klinger (18) that cytozyme is destroyed‘by the anti-coagulant

‘venoms‘especially that of the cobra. Houssay and Sordelli include
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crotaluS'adamanteus as having this propeity; They further
believe that it is by lipolysis that this destruction is
accomplished. When these venoms are injected in vivo, they
produce‘incoagulability becauee they destroy cytozyme. That
the destruction of cytozyme is accomplisghed by the toxin of
crotalus with fheclibefation of fatty acids we have confirmed.
But we do not.believe that the total cause of this in-
coagulability is due to the cytozyme destroction. At the

- outset of this work we had attempted to -find out whether or
inot ihe hemorrhagic condition produced by crotalus venom could
be'cont:olled by purified tissue fibrinogen which WQEZB&
Mills<(19). Mille and Mai}ﬁews (20) have shown that there is
" a dual mechanism for the clotting of blood, one in which
cytozyme or ceppalin unites with serozyme to form thrombin.
This in turn unites with the fibrinogen of the blood to form
‘fibrin. This thrombin contains the ﬁeoessary calcium for

- blood coagulation. It will, therefore, olot cltrated or
decalcified piasma without recalcification. The other clotting
occurs as was shown by Mills (31) when tissue fibrinogen
unites through calcium with blood fibrinogen to form fibrin.
In this method of clotting decalcified piasma by tissue
‘fibripogen,‘calcium must be supplied before clotting can take
.place. If, according to Houssay, the anii-coagﬁlating action
of crofalus.toxin is produced alone by the destruction of
cytozyme, the blood shou1d~be capabie of-clotting by tissue |

fibrinogen. The purpose of this paper is to show that such
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is not the case, but rather that the almost complete and
rapid deStructiQn of blood fibrinogen is the cause of the |
non-coagulating condition of the blood.
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EXPERIMENTAL

. The venom used in this work was obtained in
dry form from the diémond-back rattler of Southern Texas.
Strictly speaking we do not know whether the venom was
obfained from crotalus sdamanteus or from crotalus atrox.
There is very little difference in the two species except
in the coloring of the tail. According to Noguchi the
adamanteus has its habitat at more especially in the
southeastern part of'the United States while the atrox
ie found in the sub-arid and des ert iegions of Texas and

the western United States. It is possible that a great
deal of the venom called adamanteus is in reality from the

~ atrox, but their mode of action is in all probability
analagcus;

1. THE MINIMUM LETHAL DOSE OF C. ADAMANTEUS VENOM FOR ALBINO RATS

A solution of the dried venom in 0.9 % NaCl
solﬁfion was made by grinding in a small amount of salt
solution and then dilﬁting to volume. After shaking for
several minutes the clear solution was filtered from the
venomldebris. Injections were made direct into the peri-

toneal cavity;
Insert Table I.

From the results as shown in Table I. th46Q£f\L}
is 25 x 10-6 grams per gram of body weight. This is equivalent
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to about 1/2 cc of'a‘one percent solﬁtion of the venom for
~a 200 gram rat.
| An interesting point in this connection is
the high resistance of the white rat to crotalus venom as
compared to the guinea pig and the rabbit. ~For the former
Noguchi (22) has found that the M.L.D. on intraperitoneal in-
jection to be 0.002 gram per kilogram of body weight while the
latter requires, by the same method of 1njection, 0.0004 grams
per kilo. Noguchi also comments Qn ?he resistance of the
Denieh white rat. This egrees‘very well with our knowledge of
the resistahee of“the rat to infection end to anabhylaxie;

CIT. THE ACTION OF C. ADAMANTEUS VLNOM ON CITRATED HORSE PLASMA.

‘ ' Houseay has shown that thie venom does not have
a. blood coagulant action in vitro, which he explains by the
- faot that the venom destroys the blood fibrinogen before the
. weak thrombic action can take place. L |
. Since ‘we now know that there ‘are two distinct
' meohaniems of blood clotting, it seems advieable to test for
the cloiting principle of the venom by both methods.v
i ) Freeh horee blood was allowed to flow into
sodium citiate to give a final conoentretion of 0.5 % citrate.
The piaema was then freed from corpuscles by centrifugiﬁg. All
',experiments were made in a eonstant temperature water bath at

40° 0. evOE
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Insert Table II

InvExperiment 6 no venom was added. In its place

1/2 co of freshly prepared thrombin, made from fresh serum and

cytozyme was used. This shows that the plasma can be rapidly
clotted by thrombin. From the fact that doses of ofotalus venom
varying from 1/10 milligram to 1/10 gram did not produce clotting)/
we mgy reasonably conclude that the venom has no thrombic action //
in vitro. | o

After the time shown in Teble II at which there wes |

no clotting, 0.15°cc. of tissue fibrinogen, 1 %f% solution, and

0.2 cc. of 1 % Cally were added to each experiment. No clotting

took place in 16 hours although in Experiment 1 there was a very’

slight amount of fibrin precipitated. The amount was insufficient

.to form even g weak clot.

In order to test directly for the tissue fibrinogen ‘

method of clotting in vitro the experiments in Table III were

made.

Insert Table III

In Experiment 9 the venom solution was replaced by

- 1like amount of O 6 % solution of tissue fibrinogen prepared

according to the method of Mills (12). It is evident thdt the
venom has no such action in vitro, but rather a decided anti—

coagulant effect which is produoed in proportion to the amount

of venom present.
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- IIXI. THE AGT;QN OF O ADAMAHE*D VENQM ON BLOOD FIBRTNOPEN.‘

mee et Houssay hae reported that: blood fibrinogen 1s rapidly

"’-destroycd by thie venom.. The results of the experiments given in

‘Table 11 would" also- indicate: this.o:-

N It was noticed that when the venom was allowed to: act
on" the weak salt- solution of blood ftbrinogen for a short time, ,
the amount of ooagulum thrown out by half saturating the NaOl was
apparently amaller 1n volume than from the concentroted solutions
of fibrinogen."" | - | |
o - a‘insert Tébie I#'

Table IV shovs- quontitatively the: result of thio aotion.

Blood fibrinogen uao preoipitated from citruted horse pluﬁM" by
the addition of an_equol volume“oi.oatgrotechQQL.. ‘The. precipitate

‘was' ceparated -and washed three times with ome half eaturdted Nedl

~end' then diosolved in‘dilute eolt. Reprccipitotion with salt was

~ effected and the procipitatc again washed three times at half

saturations. In these experimente the venom was: allowed to aot

~ on the'f;brinqgen solution at 40° O. for different lengths of time.

To the solutions were then a dded an equel volume of aaturated

\,Racl.‘ They wero allowed 1o stand for oeveral minutes, filtered,

| washed with one half saturated sult solution, dissolved in dilute

salt_and boiled. The reeulting ooagulum wae filtered, waahed

'free from ohloridee and dried to oonstant weight.‘

There is little doubt orom this result thot blood

fibrinogon ig destroyed by the venom. The aotion ie moat rapid at |

the start.and from the nature of the curve appears to be enzymaticg
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g ‘j';In.oxder:toostudyofu:thor the nature of this action,
the experiments in Tsble V were performed.

"‘gInsort Table‘v._n

B These three tests were’ ade aimultaneously using

the same solutione and the aame water bath for ooagulation, there-
fore the same rate of heating.--' e

oo At 560 ¢. the blood fibrinogen a10ne threw out a_
muoh heavier precipitate than- that treated with the venom while
the venom alone showed no ooagulation. The temperature of the ;
coagulating buth was maintained at 56° - 570 for 5 minutee nfter .
whioh the two oloudy tubee were filtered and again put 1n the bath.

."The temperature was brought baok to 560 rapidly after which the

heating'prooeeded more slowly. “A s}ignt hgzg aga;n appegreq in
Equrimont.lfat'slightly over 56°M0; but no ooagulation'took
piaoe.”‘At'82°.O.Athe;e'was considersble coagulum thrown out.

iy Thé”aolutionJof venon remained clear at both points. vFinally

all of the tubes were taken to 1000 o.yand maintained ot that

. temneratute for 10 minutes, after whioh they were filtered and

the biuret tesf made on. the clear filtratee. The orotalus

aolution was too weak in protein to give a positive reaotion, o

A while oneriment 2 (the mixture of venom and fibrinogen) gave

the reddish ooloration which 15 more pronounced with protein :

“aplit products. The fact that this material is non-coagulable

at 1000 C. and yet gives a. strong biuret reaction ‘leads us to

believe thnt'it‘is either anralbumoso'o: a_peptono.: Bince fhis:3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12;)?‘{

P T N e T ] P I T oy

7eolution givesig preoipitate by three’ quarter gaturation’ with
' ammonium, sulphote, we are 1nclined to believe that it is an
elbumoee; Ve did not\teot the dialyzing property and are there-
fore not prepared to state definitely whieh 1t 1e. To find the
“‘effects of various amounts of venom on fibrinogen the experimente

1n Table VI were made.

: Insert Table VI

Theee“experimente were performed By ellewing
varying amounts of venom to act on a solution of Iibrinogen for
ten minutee. After the action the tubes were boiled thus giving‘
both the unaltered fibrinogen and the protein coaguleble ot 829 C. .
together.‘ The preeipitatee were washed wlth water ond dried to T'
‘'oonstant weightf It eervee only to give an idea of the.conceetra-;
tion required to effect splitting of the protein..‘ o ’,
e In. Table VIT experiments are given which show the
rate o ffbrinegen gplitting into the protein coagulated at_
‘820 C. and also the non-couguleble protein which is !ound by.
differenca.,“;::"’} I '
T Ineerf Table VIII -
S In theee experiments the NaOl precipitate was -
“obtained and treetegw%%z%gjmable IV.‘ The filtrate from the ‘
washing with one-half/sodium chloride was boiled and thie portion
determined as in Teble VI. The ooagulable matter ie given by
| difference. From tﬁese experlmente we: must oonclude that the N
venom of C. adamanteus hae a proteolytic action on blood fibrinogen,
.eplitting 1t into a protein having a higher ooagulating temperature,

‘more soluble in sodium chloride and alseo forming a non—coagulable
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THE ACTION OF VENOM ON

- Serum was obtained from defibrinated blood end the

‘ globulin precipitated by 1/2 eaturation of ammonium eulphate.:
After filtering, ‘the globulin wae freed. from ammonium sulphate by :
dialyeie. When the eolution of globulin thus prepared ie acted
npon by crotalus venom, there appeare to be no difference in the
amount of globulin which can be. coagulated by boiling._.rheee o
reeulte are. ehown in Teble VIIX. The inoreaee in weight of the -
’precipitate formed after trectment with the venom may: poeeibly

" be .due to the two milligrams ‘of venom added. - Treatment of the
precipitate with boiling ‘benzene failed to remove any’eoluble'-

| produote. Ve ere inolined to believe thut the venom is without
‘eotion on - globulin within the. time 1imite of thie experiment.
Thie aleo leads us to believe thot the aotion on serozyme would
be very: minute, ir et all, thus,. in a measure, confirming Houeeay's
finding of the aotionxofrthe,venom on eerozyme,‘ Bimilnrly the "
action\of\the venom was tried on serum albumin,. which was obtained
from defibrinated plaama. The-@lobdlin wes removed from eoiotion -
by half eqtureted ammonium eulphate. The filtrate containing the
serum albumiu was dielyzed to remove‘the eulphate.‘ The albumin.
when thus obteined, wqe cted on by crotalue venom fqr one hour ‘
end then ooegulated by boiling It wae washed with boiling water
and dried to conetant meight. e experienced a great deal of

difficulty in drying thie precipitate to oonstant weight beoauee

. i :
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Aithelibselin"weight wes éxtremelybelow near the end of the drying.'
Rasults given in Table IX ehow that serum albumin is not acted

.upon within the time 1imit of the exporiment.‘
| Ingert Table IX |

V. THE XFFECT OF THE VENOM OF G ADAMANTEUS ON SYNERESIS OF FIBRIN

" In studying this effect 1/2 oc of citroted horse
~ 'plucma waé mixed with calcium chloride and maintained ét‘40°‘c.
 ‘unt11 coagulation s, ready to occur._~ Thie point haa been nre-
“determined fox the particulgr plasme. used.:' ."‘ TR
U ,,‘. ‘ Just before the clotting took place equal volumes
iof solutionc containing varying hmounts of venom were added.
‘L;The clotting mould -then take place normally and: the amount ox
| 11quefaction was noted over a pegiodwoi_time.,,Thgzxesu;ta a:e
4'shown in Tdble X. : L _‘ ) o
o Ihsert_Table,Xv,:;

| "It is evident from this that small amounts of

. .venom inorease while larger amounts 1nh1b1t syneresie. That
v'the fibrin olot wae ‘not rapidly, 1f at 211, acted’ upon by the
venom was. observed by the: amount of clot left at the end of six
hours énd furthermora by the fact that there was less solid 1n

'f the ‘control tube than in those to which the venom 'wap .added.

- Itlis quite conceivable that clotting takes pl&cb 1
-‘1n-two'diétinét steps. The first is‘the'formativenstepiiﬁ'which
”the'bidod;fibrinOgen“is'COnverted intq fibrin; the sepdna ié”the
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‘precipitation-of the fibrin thus formed.. :Since. crotalus venom
;acte rapidly on blood fibrinogen and . asfwe will ahow latér 1tﬁ

falso aots on cytozyme, but not on fibrin it 1s poasible to con=

ceive that the point of coﬁbination of the blood fibrinogen

‘ with the thrombln, and the point of combinmtion of the oytozyme o

, ;with serozyme or calcium, is the point of attack on these ' | ﬂ
' pubstances by crotalus venonm, For while these substances are |
Hreadily attaoked in their unoombined state, they are ‘not
attaoked, at least to any great extent, when they are bound to

‘another aubstanoe in the formation of fibrin. ”
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VI, THE ACTION OF C. ADAMANTEUS O CYTOZYME

Tha£~cytozyme or éephaiin is acted upon by tﬁ; venam
of C. Adamanteus has been pbinted out by Houssay, who beliéved-
' the action to be a'lipolytic oné. .in fact Houssay contends
that the anti—coagulant‘actién of crotalus toxin depends prin-
cipally upon its cytozymatic action. With the refinement of
" the method for testing cebhalin by Mil}s and Matﬂhewé, it was
decided to test for the destructibn of-cephalin in .this manner.
‘Wheﬁ‘freshly prepared éerum is added to decalcified citrated
plasma 1t will cause.ciotting to. take place without fufther
addition'of calcium salts, because of the thrombin iemaining
in the serum. This action is lost fairly rapidly'as the thrombin
is changed over into meta-thrombin.‘ If, however, a small amount
of ééphalin is added to this serum it is great1y acﬁivated.due
to the formation of thrombin with the éerozyme presént. If now
this cepha}in emulsion is acted upon by crotalus venom it shquld
~lose the .power of éétivating'serum to clbf citrated plasma ﬁith—
out Tecaloification. -The results shown in Table XI confirm the
fact that cephalin 1qses its fower to partipipafe’in blood co-
- agulation. Experimeﬁts l:anq 2 show the relative'actioh of serum
alone to serum,which‘has.beén activated by dephaiin; Experiment
x$'shows that‘when.venqm is addéd to‘the cephalin, the mixture
of éephalin serum. venom became\anti—cdagulating ih_ifé effect.
EXperimentsi4,‘5 ahd's‘were performed simultanédusiy.

Experiment 4 shows that when cephalin emulsion is made acid with
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HOl to 0.8% boiled 5 minutes and then'neutraliéed, it étill has
“the power of forming thrombin and thus activates serum. Experiment‘
5 shows thaf‘when‘cephalin emulsion is acted on by the vénom for

10 minutes and then giveﬁ the same acid heat treatmént as the
v-cephalin alone in Experiment 4, fo destroy the vénom actidn, the

cephalin has lost its activating power and by comparison to the

clotting time in the control Experiment 6, it is evident that

the activating principle of the cephalin has been completely

destroyed. | | |

That the venom action on coagulation was inhibited by

the acid heat treatment is evident from Experimenté 7; 8 and 9.

In these the'venom ﬁas heated to 100°C with 0.8% HO1 boiledus
- minutes and then neutraiized;‘ Cephalin emulsion alone is showm

agaih to' activate the serum and the cephalin plus'treated venom
- has the same.activity.‘ Crotalus venom acts on cephalih with the

libeiation of fatty acids. This is shown in Experiment XII. |
| Insert Ekperiment XII
When cephalin emulsion is acted on by the venom at 40°C
for 1/8 hour and the reaction mass evaporated car¢fu11y‘to dryness
a part of the residue is soluble in 95% alcohol. This alcoholic
solution is acid and on neutralization bj NaOH and evaporation
g to dryness~yielded a soap. Ve, therefore, believe that the venom
| splits out of cephslin a fatty acid. The identity of the acid

was not proved,
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VII. THE ACTION OF OROTALUS VENOM ON TISSUE FIBRINOGEN

The action of the venom of C. adamenteus has preeented
some extremely interesting results. In order to determine'
whether or not the venom effect was heutralized in vivo'the.
fellowing experiments were made.

1. A white rat, weight 250 grams, was given an in-
jection of 0.62 cc. of 1% venom. This is equivalent to 25 x
10-8 gms. per gm; of body weight, or 1 M.L.D. Immediately
afte; this injection, which was intraperitoneai; 1/4 cc. of
tiesue‘fibrinegen‘l.S% solution was injected by the same route.
The animal died in 1 hour 40 minutes, whereas the control, a
280 gram ratvwhieh was given O.65vone per cent solution or
1 M.L.D. died between 7 and 23 hours later. The results were
so unexpected that‘another rat, weight 300 gfame, was glven

. 0.35 co. 1.5% tissue fibrinogen and one hour later this same
rat was éiven-O.?S cc. 1% venom. This'animal'died,in.BO minutes
after'the intraperitoneal injection of the venom. It was thus
evident that tissue fibrlnogen would not reduce the toylclty of

UicAu ity A

‘the venom.n These experiments were repeated several tlmes with -
the same results.

‘Experiments were then made in vitro as shovm in Table
XIII to determine the effect on the clotting of recalcified -

“citrated plasma by a mixture of venom with tissue fibrinogen

solutione | |
M Insert Table XIIT.
These'resulte are difficult to explain. There is at

- first a reduction in the clotting time in which it is evident

Reprod‘uced with permission of the copyright owner. Further reproduction prohibited without permission.



that tiesueAfibrinbgen.is.predominating. After 35 minutes the

‘clotting time of the plasma returns to normal and at the end of

1 hour the mixture.ShOWS'the typical anti—coagulating effecﬁvof
the veﬁom‘alone.- It is possible, from these results, that there

is a relation in vivo between the. length of timeg that the venom

“has acted on the tissue fibrinogen and the action of the mixture.

The‘followihg experiments were performed. to demonstrafed
this point...A'mixture of 1 cc,'each of a 1.5% solution of tissue
fibrinogen'and I% venom was made. " 0.62 C0; efdthis mixturewwhen
fifot:prepared conteining.l/? M.L.D. of the venem'were injected'
1nto the femoral vein of a 350 gram rat beath resulted in 16‘

mlnutes AutOpsy revealed intestlnal hemorrhage with 1ah1ng in:

dthe peritoneum the blood Was rendered non—coagulable showing

that the effect of crotalus toxin had Dredomlnmted and that death
was not due to intravascular olottlng, whloh‘occursvfollow1ng the
1n3ect10n of tlssue flbrlnogen alone.

A seoond rat, weight 350 grams, Wasvinjected dith 0.46‘00.
of the mixture containing 1/4 M. L D. of venom. | This, vhen in-.
Jected immedlately after mixing, caused death in one hour and 12
mlnutes Controls with 1ntravenous 1ngection were now made by

injecting M.L.D. crotalin toxin Q1one which produced death'in

. between five to seventeen hours. A second control injected in-

;travenously with 3/4 M.L.D. recovered.

Two hours later a 260 gréﬁ rat was given 0.65‘¢o.,'con—

taining 1/2 M.L.D., of venom;‘but whiehehadfbeen allowed to stand

in contact with tissue fibrinogen during this time at 25°0. The

animal survived. 0.48 cc. of this two hour old mixture was in-
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jected into the femoral vein of a 380 gram rat. T.his_rat'“thus
received 1/4 of an M.L,D. This‘animal also suIVited aslwould be’
expected .To determine ifrthe toxicity.of’the venom had been
destroyed in this treatment with tlssue fibrlnogen a mlxture
- was made from equal oarts of 3% tissue flbrlnogen and. Pp
hcrotalus tox1n. 0.78 cc. of thls mlxture when 1t had been
| allowed to stand. for 2 hours at 3500 was 1n3ected into. the
femoral vein of a 280 gram rat. The dose here was 30 x 1070
gms. per gm of‘body xeight or slightly nore than the M.L.D.
The animal died in three hours thus—show1ng that the toxiclty
of tne venom had not been destroyed ‘Sincevcrotalus toxin is
. reported to cause intravascular clotting When glven in lurge
doses we thouwht perhans these deaths could have been due to
'the thromblc action of the venom augmented by the powver of tissue
| ‘flbrlnogen to cause clottlng Hovever, we did not fine any blood
'clots in the pulmonary artery or the rlght auricle of the heart
It is hard to flnd the thrombus on an anlmal as smsll as a rat.
We‘decided to continue these experlments with rabblts.
| ‘A 570 gram rabbit was injected with 0.5 cc. of 1% venom.
" The injection‘was made into the marginal ear vein. Death occurred
“in five minutes.‘ There was paralysis of the forelegs, loss of
eye reflex before death. ‘At death the body was perfectly limp.
An autopsy there vas no hemorrhagic condition in the peritoneum,
‘nor‘could We find.any thrombus in the venous system. The pulf'
monary artery,and the right auricle were examined especially close.
The blood clotted normally When withdrawn. The heart continued to

vv beet after respiration had ceased.
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| ’A rabbit, weight 600 grams, was injected with 1 cc.
‘of 69 venom into the marglnal ear vein, The animal jumped
‘1nto the . air several tlmes - no sign of paralys1s The 'b.
symptoms were immedlate It became prostratea in one—hqlf
mlnute resollatlon was. dlfflcult and ceased before the heart
4had stopped beatlng On autoosy an extens1ve thrombus was
found in the rlght aurlcle ventrlcle and Dulmonary artery.
Elsewhere the blood vas not coagulated nor d1d it coagulate
in 30 mlnutes
- An 800 gram rabbit was glven 1 cec. of‘s% venom lnto
the marglnal ear veln The symptoms were llke the previous
‘case the animal was uncons01ous for 45 seconds " respiration
cessed 1n flve mlnutes. ihere was a thrombus in. the oulmonary
01rculatlon and the heart blood from other veins had not clotted,
‘nor did they clot w1th1n one—half hour. |
A 700 gram rabblt Was 1n3ected 1nto the marglnal ear
fvein With lcc of l venon. There was paraly81s of the Iorelegs.
- The rabblt uttered several squeals before death, whlch occurred
in 20 minutes. No thrombus could be found on autopsy, the blood

Was non-coagulable.
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‘No thrombus could be found. .The blood which did not clot was
:'oentrifoged andﬂthe clear plasma obtained made half safu;afed
vwith sodium ohloride.. Nofprecipitate was formed There .was

lno coagulation of thie plasma at 56° C., although there was an
| d;abundant ooagulum produced at 63°0,, This plasma could not be
i_olotted by freshly urepared thrombin."Itlie evident that the
'“,blood fibrinogen had been destroyed. | o
| From thie work we Lnow that doeee below 1 cc. of 1%
_venom. for a 700 gram rabbit will not produce intrevaeoular
v;.~elotting,‘wh11e 1 oc. of a 5% solution or more will produce
- 'a th1ombus.l A solution of tieeue fibrinogen, 1.5%, was
prepared end 1. 5 oo.\of thie preparation was. 1hjeoted into
| the merginal ear vein of a 600 gram rabbit Death wae rapid.
?d! There were o eigns of oaralyeie, nor did the rabbit equeal
| iue wae the oase when venom wae 1nJeoted. On autopey heavy
| clotting was found eepeoially in the heart and pulmonary
4syetem._ . . 4 . S
Another 600 gram rabbit was injeoted with 0 3 oc.
efof the some solution of tissue fibrinogen.‘»The eo;mel quiok-
h_ly_beqemefonoonsoioue and death&followed_e fei,ﬁinutes later.
‘ﬁi _Theheert ocontinued to-beet‘efter'reeoiretion had ceaeed' On
“autopsy a thrombus was found in the right heert and elsewhere.
- Death reeulting from large do?ee of orotalue venom vas very
,eimilar to the ‘death oaueed by tieeue fibrinogen. The olotting
- was not 80 exteneive, however, from e large doee of venom as

from a amall doae of tissue fibrinogen.
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- Insnudying the ndture of the inoreaeed toxicity o
of a mixture of tieeue fibrinogen and venom,. we ttempted
to find out if the tiesue fibrinogen was an additive
factor to the Weak thrombic action of the latter.
eolution was prepﬂred of equal parte of l% venom and 1. Sp
of tiseue fibrinogen. One co.vof this freshly prepared

‘vmixture was’ injected into the marginal ear vein of a_ 550
r‘,gram ralbit. There wae marLed oaralysis of thc forelege
1.:the rabbit equealed violently before death, which oocurred
“in three minutes No thrombus wae found and the blood was
-1,ooagulab1e.}‘: , | \ ,
Thie experiment wes repeated by injecting a 800
. gram rabbit with ) doee of 1 oo of a freshly prepared
“mixture of equal parts of 1% venom and 1 6% tieeue fibrino-»
‘: gen. The symptome were identical with those in the former-
ase; . the animal died in eix minutee and agein no thrombus
. was found. | o |
| In thase experimente we have a dose of venom which
‘pwould cause death without intravesoular olotting, mixed with.
e doee_of tissue fibrinogenvwhioh woqld,hif eot;ng‘a}one,
‘produoe quite‘en.erteneive thrombuse.. The eﬂfeot; therefore,
“ie noteadditive.‘ I | |
In another rabbit a mixture was made repreeenting
~"1.28 ec. of 1f - venom and & oo..of 8% tiaeue fibrinogen
‘(equivalent to 1 ce. of 1. 54). 1.5 ao. of this ‘fresh
,mixture was then 1njeoted into the merginel ear vein of
a 800 gram‘rapglﬁ.»;ihere wae_pegalyeie_of the forelege,and

R
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| squealing, followed by ouickfpeath 'Novintravasoular'

, clotting wae found, even though three timee ae muoh tissue
fibrinogen wasg given ag would ordinarily cause marked in-
travaecular olotting; e . '
| - .In the next experiment the ratio of the amount
‘of venom to the amount of fibrinogen was deoreaeed.v A

| mixture was made representing loo, of 1 5% tieeue fibrino-

| gen and % oo.‘of 1“ venon., 1 5 co.. of thie mixture was
then injected into the marginal ear vein of a 600 gram
‘rabbit Death wae very rapid - there was loee of oon-

'soiouenees in a few seoonde,,and death followed in three.
minutee. Symptoms were tyoioel of tieeue fibrinogen
tolotting, and on autopey there was heavy elotting in the.

';‘pulmonary ciroulation and in the heart. Table XIV |

t eummarizee theee reeulte. Ve believe. that tieeue fibrino- .

gen ie aoted upon by crotalus venom, destroying ite co-

‘agulating power. )
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1. The minimum 1etha1 dose of the dried venon of
. orotalue admanteus hes been determined for white |
'rats.” | | | |
é..icrotalus venom ehows neither a tissue fibrinogen :  §
'ifnor 2 thrombin olotting sction on, citrated horse'
Hiplaema. . - ) -
;3; The venom has a marhed proteolytic action on. blcod
‘Ni3fibrinogen which it converte into a more soluble nro—a
vtein aocompunied by the splitting out of an albumose
| or a. peptcne. o . e
' 4, The*venom has no merhcd action on serum albumin or
| iserum globulin.r' e :\ | AR
“§5."The venon, has a lipolytic action on cephalin, liber~
"{sating a fatty acid and destroying ite power of thrombin e
h formation with serczﬁme. o | | ,
"Sim The venom haa no marLed action on‘freehly prepared fibrin.

e The venom destroye to some extent the power of tiesue

 fibrinogen to cause intravascular dlotting.\

+

‘“8i}‘The fact that 1arge doses in vivo cause clotting indicates
| | that the venom has a weak thrcmbin action but whyyrthis appears
,sfuaee only in vivo ‘and not in V1tro remains to be investigated.
- I am greatly indebted to Professor A. P. Mathews for his

kindly 1nterest and helpful criticism which has been an in-

‘spiration to me in carrying on this work.
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i”-v—l' D, OF LUOTALUS TOXIH
 mommmmam
I*r?rmmz;g_q AL 2N Iz cf‘_wm |
Weighf' &mn Grotelin } Stronsth none.» . Dosel .. .Rosultg
in grams  Gu.Body it, | Solution AAn Co.  in Gm, |
300 Z”AmmbO“i   w%‘-7i0'j” .01 thinlhmu
B0 .000050 . 1 0.85 L0085 Leath in 1-1/2 hour
285 ,000045 . 1% 1,08  .006  Death in 1-1/4 hours
205  .000048 1% 1.p4 '.9124' Decth in 3-1/4 houts
180 ,000035 1 . .48 .0046  Deeth in 2-1/2 hours
3;5" 77;0ﬁ0030‘ S ;ﬁ "- . ;65, L0088 méathfin\a“nuurﬁ |
220 000020 1% .6 .0066  Death in ¥ hours
220 ';oaooas - 1 .58 .0058  Death in 3 hours. .
95 .000035 - 1. . 74  ‘:;0074i".Eurviféé'ﬁéiﬁburaf
o S = ‘ o S . Pueced blcad utapay
260 .000035 15,65  ,0085 Death betweon 5 and
o - - S 32 hours | -
200 .000030 1% .40 . .006  Ourvived severs
T i ) - syaptome
250 ".000015‘,“‘ B b ‘i- W37 L0037 u&fViV@d Symptons
250 L0000 1 .E1 .oa31‘v Survived. Slight
| B - Symptone

L L.D, aquivalent to . 000025 grcm per: pram body wt
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ritrinogen

I:.xperimqnt , ,ﬁmm, nt @'olum ai‘ G:n.ma of ', éiottixag‘.tizné .
- Ho. Floeme Venom Solution ~~ Venom in Linutes
Y 100, 1/10 Co. /167 0,001 Mo clot in 25
2 1 1/ 1/107 .0,0005 . o olot tn Z5
3 1 110 1 0.0000  To olot in 35
4 1 '"113. N 19 0.00500 . ¥o 010t in 53
B 1 | . 10,2000 j‘°‘No olot in 22
G 1 'Thrombin - "‘;“o 3
| oo e, x
| AQTION OF TR VENQY 07 O, ﬁHA“ANTFI
o | Ry M DEGALE LFL7
ixperinent Oitrated 10 volume of nsl Gﬁﬁodnub Temp, 4000,
¥o. . Plesme Call,  Venon Solu~ = tration of Clottinz time
S Ttion ~ Venom ‘in ninutes
1 1ce, n'd.35 cc}'  0.25 Go. - . Hone o 6.50
21 05 0,85 140,000 7,00
3 1 0.45‘ .25, 1;30,000 '3;00 f
4 1035 0.5 140,000 10,00 .
5 1 0.3 0,25 - 1-10,000 20,00
8 1. 0,35 0,35 © 1-1000 Avove 50,
7T 0us 0.7 1-l00 el
8 1 0.35 0.25 110 "o
o 1 0.85 0.55 Tiomue 0.05
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CAQTION OF THE V““QH GP (. ﬁlAV& TfUﬁ

| R} @r _gﬂl;'ﬂnCI” Gw JDLOOD ﬁxn Ihonwn
k‘ | | Qw, nmtu;g ig_g | ,
'-VOiume‘af‘  Amount of . Yme of . 'Waight or Vibrlnagen :
o ‘Fibrino@en | 'Vgnpmuih ~ Aetion = - Recovered Unchonged
6Ce,  tone " 0.085 Gxous
B Ge. /1000 1% 1. 0.040 Groms
B cc,;‘ 1/10 Ce. 15 30 "1n., ‘ ,",. - fO;OIS’Grama,,
| mzz.. ¥
(ki L?“”PT OF THT VERGH OF G,Anﬁwrnkwun
| | Or TW” fA” PQAPVL«”Imﬂ ow BIO0D FI“PIUCG o
expariment Volune Valume Volude Ganvulation Qther Biuret xeat
- Ro. . Wib*inoucn 1. 0,85 ot £800 "Googulo~ - ¢ Aftor Dolling
L | »olutinn Venom Haﬂl e tlon Polnt | S
l T 10 Co. Hana,il‘ﬁdne  Heavy ‘che  .  Negotive .
3. | 10Ce. 1Dmp lone  Slight 2%  Positive
‘;gma ”;J7‘  Nome - 1-Drop 10 Co.  one Nome - Negative H
T T M“’“ION oF v;\wmf' msmmm OF VIHOL
{% 0” G. ADAHA“WFUu GL ?TBQI%GG’" DI HTIDH
| - " AT A TRPPRATURE OF 40"0 | |
 Volume of  Amount of . .Time of . . Welght.,c,oagulntod
iPibrinegon Solution  Venow  fetion @ . By Bolling
| 5 Co. = | None | f 10 Ma, L .0.0a44 Grams
5‘06. . 1/100e, 1% 10 Ma.  0.0170 Gremo
5 Ce. 1/10:30. 1. 7 "':m ®n, ,,o.,o_:.aa Grams
R Co. 1/10 co;l/lof:}f' 10 Wn, © 0,0142 Grams

, T
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| TABLE jLI__I_ : o
g A GrI0N OF ‘1‘7“'3‘ BN OF G, wzwmmm
Cji mﬁf)’l 1"1 T’fIm M
nxnoriment | ,xperiwent Expeéiment
R - to, i ‘ 310,_ z_ o, &
| Vblu:e of o | < -
Flbrinogen . B Qo 5 Co, B Co
Golution :
Amount of | | | A o
Vonom Hone 1/10 00. 1/,»  1/10 Ce. 14
| Time of notion Qf | - N ." RS
| Venou on ¥ibrinogen 110 ¥n, 60 Min.
;zm&mtﬁﬁmrﬁhxmz?” B DR .
| by 1/2 Sotwated 0.0593 10,0013 -0.0007
1 HsQGL . ‘
| Amount’ bongulat@d ' . ‘f"'
| st 100% .0.0007 0.0269 0,0276
Totel Selt ond S e B
Hgat P;goinigate o ‘~0.0GQO‘ o 10;?83 0.0269
e o . R
Non»ooarul ble b vy
| nont (b% aifiﬂxegcg) Hone o 0)5;8 0,052
IR YIID
Am;m gr

/2208 fvgz‘ g ADAMANTEUS O o

Récavaied by

Volume "Vblumé Orang |
Globulin Venom Venom Coagulation
10 Cey ‘Xone . tone 10,0635 Cram
10 Co. 0.2 0a. 0,002 0867 Cran

o e -
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o ;f.sok :ﬂ;V‘V1-5o.o0o‘  © 0.25 G, _ -
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I ”'”rg_ ﬂ? VYNOA Or 8, ﬁPA?ﬁnwab.
tm THE Am'w,wxm 0“ s‘m. L BY CRPHALIN o
Expt. Pluemo ﬁerum ﬂerum. . Serunm ""Olottinﬂ o Hamnrke
‘No, Co. = Oo. Cephalin Cephnlin Tine ‘ ,
S ge Venon Co, linutes
11 s . 300
o /2 - - 0.70 . ,
‘3 R Vi 53,0 The oephalin venom mixture
. S L | ; cdded directly to the serun
& . 32 '1.80 Cephalin made acid 8/10%
S ‘ A R B minutea ot 1000G,
: neutraliwed betore ﬂduing
| . , o . to serum.. .
5 1 S 1/2 5,00 The cépholin venom mixture |
| o ' - wes- treated cs in No. 4 :
'8 1 2 " 4,80 Txporiments 4, 5 ond 5 nude
‘ K : S o - aimultaneoualy. o
7. 1 1/8 | .18 Untrected cepualin odded
‘ : ‘ | o B tD aernmn, ,
8 s R ¥4 © .20 Venom treoted ae 4n 4 and 53
S \ t L © . then added to oephalin,
Mizture odded 10 minutee
‘ ‘ . later to the aemmﬁ. ‘
g 1 @ 1/3 j" - - f‘, 1.50 . Experiments 7 8 ond 9 mado |

sirulta neoucly.

";The gg;gﬁ ggggkl%q mixtura wag made from 9 Oo, ”
\ uﬂ oephalin ‘emulesion. - -
‘The serum oepbalin vengn mlxtura wass Serum O Oo.,‘

1/8‘ cephalin 1 Oo., 17> venom 1/10 Ce.
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EXPERIMENT. XII

20 cc. 1% cephalin emulsion require 1.8 cc. N/20 KOH
‘for neutralization Phenoiphfhalein'indicater. Y
20 cc.. 1/10% venom require 0.4 cc. N/BO KOH.
100 cc. 1% cephalin and 10 cc. 1/10% venom were mixed
and maintained at 40°C. Fifteen minutes later 20 cc. of
fhis required 2.2 cc. N/20 KOH. This shows that 0.53 cc.
additional were required to neutrallze the excess acidity.
‘Thirty minutes later the same volume of N/20 XKOH was required
and one hour 1ater 8.35 cc.,or an increase of 0.05 over the
fifteen minute period. |
In this experiment-the ratio‘of venom to cephalin was
1 to 100. - -
“ When the ratio was changed to 1 to looo,twentr'cc.
required at the end of fifteen minutes at 40°C. 2.35 cc. N/20
© KOH,while the blank for this number was 1.78 cc. before the reac—
‘tion. , :, | |
- The excess acrdity is therefore equivalent to 0. 47 cc.
‘N/ZO KOH.  Then a small amount of venom caqaccom—
plish about as much splitting as the larger. The reaction
‘apparentiy‘is checked by the fprmation of acid. | |
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TATLE XIXX
N BRERQT OF T YINON OF O. ADAMARTELS COMBINED

| TI00UR FIBAINOGEN ON Tl CLOTTING OF DLAGHA.

.  . T ‘ S 'ﬂTemp;*dod 0.'j
'Oitrat -d Plvamw‘ Oaﬁlq Mixture Time in minutes Clotting Time
RO - after mixing . -

1(% | | #ibrinogen and

SR . ‘:‘orothlin
lcc  O.5ac0 None  Nome  9.50
1 . 035 0106 3 800
1 0.5 007 o1 o 8.00
1 0.3 ....0a0. ... 29 . 575
1 025 040 25 5.7

1 ol o0 =m0 .00

1 o250 030 a 11.00
2 0.35 040 s8¢ . 1L.00
1 0.25 0,10 B8 12,00
1 0.35 . - 0.0 8L 11,00
1 10,35 - 00 94 12,00

| o ~The MixtUIL Lar o :olution contnining ti Eue
fibrinogen in o con*entrrtinn of 1.4n 1,000 and Crothluc Vennm in

‘a coucentr.tion of 1l in MO 000,

4
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qu gﬁw’(w“{)‘”l ", K«v im 17-}) .’_t %?Jﬁ

Anpe 0 Amount of foount of Total Tioe waw - Da um

i, Vinows . Tdonue Ile flooe A1 deatl,

rublAt C - Cvrdnooon Oo. o Hinutoo,
570 0.5 ooe L B 5 Mo throubooe

- e00 Y . S fpall fhrombose
BOO 1 5 A 3] Lt throslose
o0 . 1 1 1 o0 ?Ho AR New o

son 1.5 00, 1,05 1,5 © Dytenotvo intrae

o N o ' oo wasonlay mtmm

850 \ 03 . 1.55 0,’3 b)) '»'.?Tnmmzxpm_ _z;::m.afcww‘

B80G53 105 1,5 ) - 5 o tworlose

00 08 1l 65 wSH 1 8 o vmmmé

800 .55 - 1% 0.5 80 1.5 3 Mo throunoe

80 G5 1 1 LG L8 8 Suroaloso protuesd
513 h;}nct&mm mi;o mmim}. mm vm, | |
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