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BIKE\'s JouR\AL 3,329-338 (1960)

An in vitro Assay Method for "Mainushi" Antivenin Sera

TAKASHi KLBo, I\;oBCHARU KUXITA

T/!, OJnA" I\fit!ob!"/ Di, ,nJ, J REJem, /! Jim, ",/till"". B!'ken

oJn/:, I L}in-,!Ji*, 0, a/:"

Tll, sripcrnaianis F1'o1T, Hocc Lilaiinn ICac tions or ' ' \'jamuslii' ' \ cnont and iis antisei'tillT. ' ' I L
for' cxccss antig"n ancl toxin. Tlic zone or excess antigcii and 111at 111 cxccss toxin \\ e 'd I' I.
Onlyinihc fiisit\v0111bes or an11gcn exc, 55 only toxin \\'as IOUncl (by 111" gclclifrLision n, ciliod).

Of about 10 I)rccipiiation lines gi\'eit liei\VCCI\ 111c \. eiioiit I'e aiaiio a I 't ' I , I I'
nearCS[ to the antiscruni\\. c!I \\'as sho\\'n to h, roll, ]CLI by' thc toxin-an1110xin s I

An in ,,!!,'o assay itTclllod Lising Ihu tiel clifftisinit recliniqtic and the SLi ei'natiant orihc H iai'

04, ", I"I'M! of 1111/11""o10gJ. T/Ie REJem, /! 111J!!'!"Ie/, J
AlitJobih/ Di, et!, eJ. OJak" '71/1'ei$10'. Ofttka

(Ref, !',., offo1 111,111n/!'on, .;\bte"Ib, I' 30, 1960)

Tsu\EHisA A\IA\o

test containing o1tl\ toxin as aittittcit \\'as de\'is"d

Tlic toXIIt was SILO\vii to bc 111', cipitaicd bv clemon. 11'allng 111ai luxiit \\'as r, co\. CTe"I froi 11 c
trailzcd precipiiaics after macti\. alln, , tile a!\titoxiii \\. 1111 suchtint bisLilritc

INTRODUCTIO\

Since Lain1) (1904) first studied the precipitin reaction of 111d!'di! tobi'd venoms,
several authors have attempted to find a I'elial)Ie ill allio assay method for the Jotenc ,
or aittivenin sera. Calmette and Alass01 (1909) suugested the I, OSsibilit\, or assayinrr
the potency. of colira antiveniiL sera by. the precipitiil reaction. However later A{al-
11c1< (1935), by. studics on the same \, enom, found this was not possilJle. Studies \\. ei. e
also made o11 Ramon's fiocculatioi) test A{Iyake (1952) found a good agreement lie-
t\\, een the potency, of "Habu" ( Ti!'illei, $11! !!flap0,11'1dir) antivenin sera as assa 'ed I},'
the 110cculation reaction and that as estimated in Inice. However Sch6ttler (1952)
failed to confirnT this witlT Bo/hi'o1JJ'dini'ttc" and CIO/all!J1,117ici{J venoms, and Christen-
sen (1953) could find no correlation net\\. eelT ill aido andiii all!o unitsinlTi st d'
Bothi'o1J ai'I'elmiJ and rYcy'afar, a venoms

Unsuccessful attempts \vere also made to confirm this b , Kaneko, Imai and
Konz0 (1954) and Iiy the present authors usIna the venont of "A{amush"' dok' I-
10do!I blomhoffi), the only venomous snake in the nTain island of our countr ,.

Therefore, ItITther studies were made o1T the estimation of excess toxin and ..-
cess ITeutralizing antiliodies iiT the supernatants of the Hocculation reaction. when
increasing concentrations or the crude \, enom \\. ere nTixed \\'ith a constant amount
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of the antiserum, the supernatant of the tube, next to that \vhere t e I}eu ra Iza I
end-point \\, as reached and \vhiclT \\, as shown to contain excess to xiiT y lviec ion
into mice, trave only one gel precipitation line against antiseTum, a t ou, e
toxin trave about ten gel precipitation lines against antivenin sera in uc er y

lates. The present studies deal with the identification of the precipitation me o
the toxin-antitoxin system among the ten lines found and \\, ith a simp e assay me
for the potency of the antitoxin sera.

330

I. ,"!!r, ,!in Jar"

Horses were highly jinmunizecl for. about 5 months by injecting increasin, amoun
or ":\jamushi" and "Habu" venoms. "Habu venom was used as an a ju\. ant.

2. ",\/dint, $hi' ' relioin

Pre arations were obtained in liquid form ancl dried in a clesiccaior. The batc Tes LisePreparations were obtained in liquid form ancl dried in a clesiccaior. e atc Tes Lis
18 (intmv"it. us in. us" L05, -0,028 ing) and M 29 (i. v. mou, , L03, =0.029 n, g).
31n ai, o aJJay of antiue",, I sera

Aji uots or 1.0 in10f the venom solution or 2 to 3 L05n, were added to a series o Iu us
in 1.0 nTl or varying dilutions of antivenin sera. The tubes were .ept at ToonT Il p '
hour and then 0.2 inI allquois of each mixture were injected into I re tai \ eins . , '
observeclfm' 4 days. Intoxicated mice usually died within 2 days. re 50 uni s
obtainecl by Reed and Muench's method (1938). Xo correction was made when the amotint o ox
used \\, as between 2 and 3 LDsn.

XiATERIALS

I. Alla!y!ica{ JIMdie$ on $141,111ntniits 4'181'IOCCM1@!1011
As the "}\{amushi" venom preparation used for. ITyperimmunization o Torse

in the present studies was pooled saliva of snakes and probab y containe
antigenic substances in addition the venom, the neutralIzatioit en -poin pro J y
did not coincide witlt the most quickly Hocculating tube ("indicator" tube) w Ten
varyino amounts of the crude venom were added to a constant amount o e
serum. This discrepancy can be explained as follows :if an antigen wit IlTos po\\
ful antigenicity was a nontoxic substance and its antibodies were most a JulT a
the antiserum, Hocculation of the system should appear In OSt quick y at its op Ima
point. To reinvest Igate the discrepancy between the iteutra Ization en -poi
the "indicator" tulJe of the Hocculation reaction, the following experiments were per-
formed.

Varyi"g ,in. unt, (4.4,6.6,10.0,15.0,22.4,36.0,54.0,91.0,121.4 and 183.4 ing) of c, ud. ", a-
mushi" \, enom preparation (Batch A, I 18), dissolved in 2.0 inI of saline, were a e o
tubes (Nos. 1-10) containing 2.0 inI of "\, lainushi" antivenin serum (BatclT P 6). As a contro , a tu e
containing 2.0 inI of setuin and 2.0 inI or saline was also include . ITt samp es To
were introduced into a serles or empty tubes. Thus, two parallel experiments were re Lip.
series was incubated in a water bath at 37'C for. 8 hours with occasional shaking ant I e IUT I y

RESULTS
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measured. The time \vlTen the turbidity was first detected in each tube was recorded. After observat-
ion for 8 hours, two 0.2 inIaiiquots of eacl, Ieaction mixture wereinjectedinto Iheiailveins of two
male nTice (sirain dd/0) or 4 weeks or age. TITe mice were obsei \, ed for 4 da}, s. The intoxicated mice
usually died within 481Tours. TITe second series or tubes was inclibateclm a \\, alei' ball, at 37'C for
I hour and Ihcn at 4'C for 961toLirs. The tubes were centrifuged in the colcl and the supernatants
wetc tested for excess antigen and toxin. To ICst for. excess antigen, eacl, supei'natant were mixed
with 0.5 in101 antiscrum. The tubes wercincubateclat 37'C101' 1110ur and Ihen UVcr nigltt at 4'C
To lust for. excess toXIIT two 0.2 in I allquois or eacl, supcrnatant \\, ere Irueciccl Into the tall \'eins or
two nTalc mice as CICScribecl abovc. Allcc \\. CTC also obscrvcd for 4 clay's. The ICSLilis ale presentccl ln
Table I.

Table I. Neutralizoficn and F1ccculotion of the "Mcmuski" venom with antivenin serum

Antiserum11:11
Batch P 6

Venom 1801ch M 181

ing per in I
Toxicity*

-"=

Antig en
excess test

Tube No

95

Z

Toxicij, * 12 12 I, 12 12 12 12 12

* Numerators indica*e number of mice died

Denominators indicate number of mice injected

As cal\ I>e seen, tube No. 4 gave the end-point or neutralization. Tl}e sui>er-
natants o1tubes No. 5-10 contained excess toxin logcthcr with excess antigen, thotioli
in tube No. 8 turl, Idity appearecl most quickly.

The same results were obtained \\, hen cliffcrent I, atches of artiverii\ scr?. \\ cre

tested. From these results it was assumed that Ihc supernatant of tulJe No. 5Il. Ight
contain only one 1<1nd of antigen and that this antigen must lie the toxin Itsc11.

2. Allab11'cal 3/11dreJ on Ih, "Altimt!$A1" Jailom by Ihe g, / A', 61n/niloii I, ch"1111,

As the supernatant of tube No. 51n Tal>Ie I was expected to contain only toxi!!
lethal to mice, an antigenic substance in the crude venom preparation, supcrn, .to31. ts
of all the tul)es showiT in Tanle I were tested aryainst antivenin scrum (Batch P 6) on.
Ouchterlon}, plates (Wilson of a/., 1954)

A_s shown In Fig. I, G an11gen wells were made along the lippci line and 5 antis"rtint .. Tclls along
the lowei parallel line. To the leftmost antigen well was addec10.2 n, I or the crude \, cnom solution
containing 100 intr of \, enont (Batcll A1 18) ancl in each of I eruaining antigen wells F1 Qin left to rin I^t,
0.2 in I or 111e supei natanis or tubes No. 3.4.5.6 and 7. To eac!I antisei uin well, 0.2 in I or an lit. cnin
serum (Batch P 6) was added. The plate \\. as incubatecl at 37'C for 5 days anc1 11Tcn phD!ogi'aj)!. ecl
(Fig. I )

As can be seen, the superDatants (\Yells 3 and 4) of tubes No. 3 anc14 aa\. e To
precipitation lines. TITose (wells 5 and 6) or tul;es No. 5 and 6 aave only a sinole VCry

: '~ I~

10

2

Kl in min

2.2

1.0

3

10

50

9,

3.3

4

q!

1.0 1.0 1.0 10 1.0 1.0 1.0

75/12 180 27.0 40.560.791.7

3-t % ;* ';:%92 3-t

5

9:

6

250' 330' 330' 380' 30'

7 8 9 10

21' 43' 180'

% ;-'7_
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Fig. I. Gel precipi, o1ion reaction, between the flocculotion super notonf, Grid "Mumushi" antiserum.

faint line. That (well6) of No. 6 gave two lines though the second one was very faint.
No. 7 (well7) gave three lines. These facts were in o00d accord with results obtained
by analysis of the super natants with regard to excess antigen and excess toxin. As
the super natant of tube No. 5 gave only one precipitation line and it had already
been shown to contain excess toxin, it can be concluded that this was formed by the
toxin-antitoxin system.

To confirm this, other batches of antiveniit sera \\ ere studied using the same
toxin (Batch M 18). Several series of precipitation tubes were set up using different
batches of antiserum and the first toxin excess super natants were obtained. Coinpari-
sons were made of the precipitation line given IJy each (well2) of these super natants
against standard antiserum Batch P 6, well As) \\, ith that produced IJetween the
supernatant of the tube No. 5 in Table I well I) and the wellAs.

,...\

^-

Fig. 2. Comparison of antigenicily of the Rocculofion super natonfs
containing only toxin.

An example of results is given in Fig. 2. The supernatant added to well2 was
prepared with venom and antiserum Batch P 20). A single precipitation line was
formed between each of antigen wells and the antiserum well As . The two single
lines fused with each other without forming a "spur".
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Though different batches of venoiTT \\. ere not studied in a same ITtanner, the same
results could be expected because the first antioen excess super natants obtained in
the experiments shown in Table I usintr different I>atches of venom re aration and
antivenin sera, always contained excess toxin.

3. Iden/;!icoti0, ! 91the 10xi, I-anti/oxi, I line amo110 Ihe nile$ direii by Ihe ci!Ide Dellom pig!lain!ion
and ilS drift $81'"in

An investigation was made to identify the precipitatioit line due to the toxin-
antitoxin system among the several lines giveil I, y the crude venom preparation and
its antiserum.

As shown in Fig. 3,0.2 rill of the antiserum (BatclT P 6) were added 10 well A1 and the same
amount of the antiserum (Batch P 20 was added to well A2.0.2 11Tl ajiquois of solution containing
10 ing of crude venom were added to the two wells V. To well8 was added 0.2 inI of the super natant
of tube No. 5 shown in Table I and to well9,0.2 inI of the fiist toxin excess su ernatant of the
system orBatch P 20 antiserum and toxin Batch M 18).

333

As call be seen from Fig. 3, al, out ten precipitatioiT lines \\'ere o1ven I, et\\'een
wells V and each of the antiserum \\, GIIs (A1 and A2 . The antioen of wells 8 and 9
gave only one common precipitatioiT line against the setuin wells and the line fused
with the line nearest to the serum well formed by the crude venom preparation. Thus
the nearest line to the serum well, ,iven between the crude venom preparation and
the antisera, was formed by the toxin-antitoxin system. In addition, it can I}e as-
sumed from the results that the concentration of the antitoxin was the 10\\. est of the

antibodies produced by the antigens in the crude venom, IJecause the toxin-antitoxin
line appeared nearest to the antiseruin well and very little precipitate was formed in

I~~

I'.

\/

Fig. 3. Identification of the fox'n-antitoxin line among the lines given
by the venom preparation.
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the tubes No. 3 and 4 shownin Table I.

The fact, that t\\. o or three lines \\. ere formed I>etween \\. GII V and the first toxin
excess supernatant (wells 8 and 9), indicated that the first toxin excess supernatant
contained excess antibodies to nontoxic antigenic SUI, Stances.

4. Asimp/a o534y 771elhod/o7'Ihep0!8119,91the o711iueni, Ise?a

Studies were made on the assay of the potency of the antivenin sera, using
Ouchterlony plates. To the centre well was added 0.2 in I of the super natant of tube
No. 5 in Table I and to each of the six wells placed hexagonalIy aroundit were added
0.2 inI of various dilutions of antiserum. Fia. 4 shows results of one such experiment.

KUBO, KUNITA, AMANO

Fig. 4. Assay of the in vi, ro units of antiserum
Centre well, Rocculation supernotont conicining only toxin (0.2 in11.

well 10, I, 28 diluted onliserum 10.2 in11

well 11, I, 32 diluted antiserum 10.2 in 11
well 12.1,36 diluted antiserum 10.2 nil
well 13,1.40 diluied antiserum10.2 in11
well 14,1.44 diluted calicorum (0.2 hill
well 15, I : 48 diluted antiserum 10.2 in 11

0.2 ntl of I : 28, I : 32, I : 36, I : 40, I : 44 and I : 48 dilutions of antiserum P 6 were
added to \\, ells 10,11,12.13,14 and 15, respectively. As can be seen from Fig. 4 the
faintest line it, as given I, y the antigen of well 12. Thus the potency of serum P 6 was
expressed as 36.

The potency of various I)atches of antisera were estimated in the same manner.
The results, compared with the potency estimated by the in o100 assay method in
mice, are show. n in Table 2. The latter method is now adopted by the National In-
stitute of Health of Japan. In the latter method, the E050 units of antisera are
measured usina from 2 to 3 L050 doses of each venom preparation without regard
to the varying contents OF "toxoid" in the preparations. Moreover the units thus
obtained may fluctuate I>ecause, I ) there may be differences in the I>atches of toxin
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Table 2. Comparison of the L. nits assayed by the in vivo and in vifro methods on
the some antisero.

Antitoxin

Batch I

?

Unils by in vi!ro
assay

3

4

18

5

32

used and 2) there may I, e fluctuations in the LD - o units in the toxiiT preparation
caused by I}eterogenity in sensitivity of the mice, although the mice used in this assay
are the best strain availal, Ie in Japan. Fluctuations in the LD ~ o units of the toxin
(Batch M 18) are also presented in the taiJle. Therefore, ITo conclusion can IJe drawn
as to which of the two methods is superior.

5. Inae$11gnlioiz of the pierj*flabili4y @11h, 10xiii ill Ihe <0?16 of coinp!8/8 116"!Janea/ion

As already mentioned, the first toxin excess super natant gave a single IJrecipita-
tion line and it was concluded that the line was for Ined I, y the toxin-antitoxin system.
However, if the toxin could not be precipitated by the antitoxin, the precipitation
line InIght have been caused by another. antigenic SUI)stance. Therefore the results
presented in Table I itad to be reconsidered.

As can be seen from Table I, tul, es No. 3 and 4 where the toxin was completely
neutralized were turbid. However, the precipitate could ITot I, e assumed without
proof to have I, Gen formed by the toxin-antitoxin system. To see whether the toxin
was precipitated in the zone of complete Iteutralization, attempts were made of re-
coverino the free toxin from the neutralized complexes. For this purpose it was neces-
sary to find a protein denaturing agent \-vhich was selectively active to antilJodies and
not to toxin. After several unsuccessful attempts, sod, uin I, is urnte \\, as used.

First, the relative stalJility of the "Mainushi' ' venoin preparation was studied.
Varying amounts (5.25 and 50 ing) or sodium bisulfite, dissolved in 0.5 InI of saline, were pipet-

led into three Iubes. 4.5 inI anquots of a solution containing 50 nTg or a crude \, enom preparation
(BatclT A. 129) were added to each tube. The tubes were incubated at 20'C for 10 hours' 1.0 misam-
PIes were removed at intervals (I, 3.5,7 and 10 ITours) from the tubes and the remaining bitulfite
was oxidized by shaking tlte tubes. The decrease of toxicity was assayed by estimating the amount
corresponding to one mouse L050 unit. The results are shown in Table 3.

it can be seen that sodium bisulfite in 1.0 per cent final concentration did not
affect the toxin very much and half of the toxin remained after 10 hours' Therefore

6

in vilro/in vivo

7

8

18

* Amount of foxin

1.26

22

1.23

8

Units in vivo

by assay

I^35

8

I. 26

1:24

467

I^31

727

416

1:38

335

nLDs n*

462

521

2.94

249

2.59

301

2.61

3.10
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Final concn

of NOHSOa

Table 3

,.-----^
Reaction I

' lime I
pH ~^I

0.1

05

1.0

10 ing in I.

a concentration of 1.0 per cent \\ as LISed to mactivate the antitoxin.
Studies were made o1T the recovery of toxin from the super natant and predpi-

tates of the Hocculation reaction I^, denaturing the antitoxin it, ith one per cent
bisulfite.

\'at'ying an, ounts (15.4,23.1,35.0,52.5,78.4 and 126.0 rug) of venom prepai'at ion (Batcll A{ 29),
dissol\ ed in 70 inI saline, \\ ere added to a series or laitye tubes (Nos. I-6) containing 70 inI of anti-
Yenin serum (BatclT P 6). The tubes \\ere incubatecl at 37'C for. I hour and then at 4'C for 961touis
The reaction n, Ixtuies \\, ere centrifuged in the cold. TITe PIecipiiates \\. ere \\, ashed three times with
chilled saline ancl each suspended in 10.0 inI of saline. Tile pH of the suspensions was adjusted to 4.6
willI dilute hydrochloiic acid. After the pi ecipitaies 11ad been dissol\, ed and the pH of the tube con-
tents hacl been readyusted to 5.2, the \'OILime was adjusted to 14.4 inI. To each or the solutions 16
in I or 10 per cent sodium bisuMie solution were adcled. To 10 in I or each super natant of the original
reaction mixtures were added 0.81t, 101 saline and 1.2 litl of 10 per cent sodiLim bisulfite solution. As
a control, a tube containing 10.8 inI of saline togentei \\. ith 1.21, \I of 10 per cent sodium bisulfite
SOILition was also incltided. Then the thirteen tubes \\. eie kept at room temperature (20'C) for' three
hours. Aria this the bisumie was oxidizecl by aeraiion. After pH of tlle solutions 11acl been adjust-
cd to 7.0, the toxicity o11he solutions \\as Iesiecl by iiljeciinu 0.2 ntl aliquois of each solution into
the rail \. eins of mice. The solution froitt the control tube 11ad no ITarmful effect on nTice. Tlie results

are presentecl in Table 4

Table 4. Recovery of toxin from precipiiofes Grid supernotonts offer 3 hours treatment with NOHSOa.

%
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EITec, of treatment of the venom with NOHSOe.

Venom : M 29

5.8

5.4

5.2

ing
0033 0033 0033 0033

0033 0033 0050 0050

0033 0050 0067 0067

Amount of L05o

3 5 7 10 :

0050 I
0050

0067 I

Toxin

control

O . 029

Antiserum ip 61 in I

Tube No

Venom IM 291 ing

Toxicity of super nabn:

I%%%%%%

It can I>e seen that tl\e toxin could I>e recovered from the super natants and pre-
cipitates of all the original reaction tul)es except tulJe No. I thouglt the yield \\, as very
10\\,. These results sho\\' that the to XIIT \\. as precipitated IJy the antitoxin and hence
the precipitation line assumed to lie formed by, the toxin-antitoxin s}, stem described
abo\, e \-\, as proved in fact to lie so liecause the toxtn \-\. as really precipitated.

Super notonl clier 3 hours
Ireolmeniwith I% NOHSO,
Precipitates clier 3 hours
Ireolmeniwiih I%~ NOHSO,

70

15.4

2

7.0

95

23 .I

3

9^

7.0

%

35.0

4

I^

7.0

9^

52.5

5

g. ^

70

12

78.4 126.0

6

^^

7.0

^*

%

^^

^*



The fact, that theneutralization end-point did not coincide \\, ith the most quick-
Iy Hocculating tube ("indicator" tul}e) when \, arying amounts or crude venom \\, ere
added to a constant amount of the antivenin serum, led us to make analytical studies
on the Rocculation reaction. On analysis of excess antigen and excess toxin in the
super natants of the tubes, a very interesting phenomenon was observed. In the super-
natant of the tube next to that in \vllich the Iteutralization endpoint was achieved
excess toxin and excess. antigen \\, ere found and this tube was always the bedinning or
the series or tubes having excess anti. 'en as well as excess toxin. Therefore the assump-
tion \\, as made that the excess antigen was the toxin itself. To prove this the super-
natant was studied by the agar. diffusion technique according to the method of Ouch-
terlony. it gave only one precipitation line when tested ao'amst antivenin sera. There-
fore the al)ove assumption was proved correct and the antigen found in the super-
natant was shown to be the toxin itself. 11 the toxin had not been preci it ated IJv
antitoxin molecules at-all, such an assumption would not lie nossible. However the
toxin \\, as proved to be I>recipitated Iiy antitoxin molecules I)y the results of the last
experiment. Thus it can be stated that the precipitation line IJetween the supernatant
and the antivenin serum was formed IJy the toxin-antitoxin system.

Of the I O precipitation lines o1veiT between the crude venom preparation and
antivenin serum, the line nearest to the antiserum well was round to be formed by
the toxin-antitoxin system, because it fused witl\ tlle single line of the toxin-antitoxin
system without forming a "spur. " There \\-ould seem to he two possible mechanisms
to explain the fact that, or the I O lines formed witl\ the antitoxin pre aration, on I
the one nearest the antitoxin \\, ell \\, as due to a reaction \\, ith toxin First, it could
be that antitoxin is a minority component of the antivenin preparation or, ,erha Js
the major component of the venom may be toxin itself. The latter explanation \\, as
incorrect, because suc}T a concept cannot explain the scanty Hocculation at the
neutralization end-point in Table I. 11 the latter explanation \\, ere correct, tube No.
4 in Table I should show the .'reatest and most rapid Rocculation, so that a dis-
cordance would not have heel} observed I)ctween the neutralization end- o1nt and
the indicator tube of the Hocculation.

The new in Dai!o assa}, nTethocl described in this paper seems to be useful, be-
cause the Ehrlich's method for' 111 ai"o assay of antitoxin ITas not et I>een used for the
assay of "A1amushi" antivenin sera. Fluctuations in the antivenin units, \vlTich were
o1)served on testing from 2 to 3 LD - o units of every toxin preparation with dilutions
of antisera to find the EDr o \, alue of the antisera, are actually caused by different
amounts or "toxoid" in the different natches of venom preparation. Even in one
batch, after different periods of storaoe, the "toxoid" content may not IJe constant.
In addition, it Is iridispensal)Ie to assay the amount of the \, enoin corres on dino to
one LDs0 11nit. Evenin the samelJatch of venom preparation, the estimated volume
containing one L05 0 unit nTa\, \, at}. \\, itIT ITeteroueneities in sensitivity of the mice

ASSAY A{ETHOD FOR A1. \!\-jusHi A\TisERUXI

DISCUSSION
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used, eveiT \\, hen using the I, est straininJapan. 11 one L050 unit fluctuates, the anti-
venin titer fluctuates. Thus the present authors favou^ their new in allio method to
the ill airo ED ~ o Inethod.

The enzymic nature of ":\{amushi" venom is still Linknown. Lecithinases and
phosphodiesterase have lieen studied I, y us and no proof has lieen gained about the
identity of these enzymes and mouse lethal toxin (Kubo at n/., 1960 a, IJ). Further
purification will I, e Inade of the substance giviil^ only one gel precipitation line with
antivenin sera and forming a complete ItISIon witlT the line given I>y the first toxin
excess super natant and antivenin sera.
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