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THE ACTION OF VIBRION SEPTIQUE AND B. WELCHII
TOXIN ON ISOLATED ORGANS.

G. A. H. BUTTLE axp J. W. TREVAN.
From the Wellcome Physiological Reseaveh Laboratories, Beckenham, Kent.
Recaived for publication July 3rd, 1928,

DALE (in a note attached to a paper by Robertson, 1919) demonstrated the
effect of Vibrion septique toxin on the rabbit’s blood-pressure, and showed that
its action could be blocked by antitoxin. W. Straub (1919) and Lautenschlager
(1920), working with “ gascedema™ toxin, stated that it had an action like
that of digitalis on the isolated frog’s heart and that this action was blocked
by antitoxin.

This communication deals with the specific action of the toxins of
V. septique and B. welchii on smooth musele from various animals, and on the
rabbit’s anricle. We have also made some experiments on these tissues with
the toxins of the diphtheria bacillus, Streptococcus scarlatine, and Shiga's
bacillus of dysentery, but up to the present we have failed to demonstrate any
specific action which ecan be neutralized by the appropriate antitoxic serum.
Possibly these toxins have no direct effect on smooth muscle, or it may be that
the effect cannot be demonstrated because they act so slowly. The toxins of
V. septique and B. welchii will kill an animal in a few minutes, whereas the
other toxins mentioned may take several days to produce their specific effects.
Diphtheria toxin, for example, will not kill an animal in under 10 hours however
large a dose is given (Glenny, 1925).

(1) The Toxins Used.

The toxins used were precipitates obtained by saturating a bacterial-free
filtrate of a 40-hour broth culture with ammonium sulphate. Mr. Dalling
kindly prepared these for us. A solution containing 50 mgm. per c.c. was
made up each day and kept in the cold until required for use. It was found
that the toxin did not deteriorate appreciably under these conditions.

(2) Method.

Strips of rabbit’s uterus have been used for most of our experiments. A
large number of pieces of approximately the same sensitivity can be obtained
from one animal, and the tissue will remain active for several days if kept on
ice. The strips are suspended in a bath containing 15 c.c. of Ringer’s solution
kept at 37° C. throngh which air or oxygen is bubbling. The effects are
slightly different according as to whether air or oxygen is used. The
contractions of the muscle are recorded on a smoked drum.

The effect of the toxin is most easily observed if the spontaneous movements
of the muscle are allowed to commence before the toxin is put into the bath ;
these spontaneous movements usnally begin to appear after the muscle has
been in the bath of Ringer’s solution for about half an hour.

1
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The '”’*F” riments on the rabbit’s aar icle were done ]:n. the method of Clark
(1921), using borate Ringer (Trevan, Boock, Gaddum and Burn) (1925).
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Fia, 1.—The specific effect of varions dozes of V', septique and B. welchit toxing on the raklit’s

ntervs. At a O3 coe. 110,000 adrenalin.  Time-marker S-minute intervals. Air is bubbled
slowly through the bath ; rate about 6 bubbles per second ; volume of bath 15 c.e.
(3) Specific Action of Toxin.
Fig. 1 shows the effect of different doses of the Septique and Welch toxins
on the rabbit’s uterus. Air was bubbled slowly throungh the Ringer’s solution.
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Small doses of Septique toxin cause a spasmodic contraction of the musele and
a diminution of the size of the spontaneous contractions. Larger doses cause
a complete cessation of spontaneous movements. At A in each case a dose
of 003 mgm. of adrenalin was adwministered. It will be seen that with
inereasing doses of toxin the normal contraction to adrenalin is diminighed,
and after 120 mgm. it has entirely disappeared. If the toxin is put into the
bath before the spontaneous movements of the uterus appear, there is no
spasmodic contraction such as is shown in the tracings in Fig. 1. The
spontaneous movements, which ocenr in a normal strip of uterus after it
has been left in the bath for a short time, do not appear in a strip to which
toxin has been added; the response to adrenalin is diminished or absent
altogether.

The action of the Welch toxin is much the same as that of the Septique,
except that with small doses of Welch toxin sometimes there is no spasmodic
contraction of the musele (Fig. 1). The spontaneous movements become
smaller and more frequent, and the effect of adrenalin is diminished. The
effects of both.the Septique and Welch toxins are prevented by mixing the
toxin with the specific antisera (see lafer).

(4) Effect of Rate of Bubbling.

The effect of the Septique toxin is dependent on whether oxygen or air is
used for oxvgenating the Ringer solution, and on the rate at which either gas
is bubbled through it. The toxin is destroyed by the bubbling, as is shown in
the following experiment :

15 c.c. of Ringer's solution containing 7'5 mgm. of Septique toxin were
placed in each of 4 tubes immersed in a bath at 37° C. Oxygen was bubbled
through the first, air through the second, and hydrogen through the third.
In the fourth there was no bubbling at all. In each of the first three the rate
was kept at about 2 bubbles a second and the size of the bubbles was as near
as possible the same. At the end of three-quarters of an hour the contents of
the four tubes were transferred to baths containing pieces of the same uterus.
The effect produced on the uterus by the contents of the fourth tube was much
greater than that obtained with the first three. These three all produced
similar effects. The rate of disappearance therefore is, as nearly as can be
judged, the same in the first three cases, and since inuuha;inn at 37° does not
destroy the toxin, its disappearance can only be due to its removal on the
surface of the bubbles, and its irreversible coagulation or other destruction
therein. This may be a similar phenomenon to the irreversible coagulation
produced by bubbling a gas through a solution of albumen. Shaking a
“golution” of an enzyvine will destroy the activity. If the bubbling of air is
very rapid this quantity of toxin (75 mgm.) disappears completely in 5
minutes. :

This phenomenon makes it necessary to control the bubbling rate very
strictly if the action of small quantities of toxin is to be demonstrated. For
instance, to obtain the effect shown for 1'9 mgm. of toxin in Fig. 1 the rate of
bubbling should be as slow as 2 to 6 bubbles per second.

There is a further effect associated with the oxygenation of the Ringer’s
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solution. If oxygen is used instead of air the spontaneous movements reappear
in about half an hour after the spasmodic contraction produced by a small dose
of Septique toxin (see Fig. 4). The same dose of toxin, when air is used at
the same rate, stops the spontaneous movements entirely. This effect is not
due to a more rapid removal of toxin by the oxygen from the Ringer’s solution
as is shown by the experiment described in the last paragraph, but is due to
some difference in the response of the tissue in the presence of excess of

oxygen.

(5) The Effect of Washing Out the Bath awith Fresh Ringer's Solution
after the Addition of V. septique Toxin.

Washing out the bath with fresh Ringer’s solution will sometimes restore
the condition of the uterus completely if this is done immediately the toxic
action appears. If the washing out is done later, e.g. 20 minutes after the
toxin has been added to the bath, some return of the normal rhythm oceurs;
the adrenalin effect, however, is not completely restored. The addition of a
large dose of serum at this period will usunally restore the condition completely
(see later). Washing out during the latent period will not prevent the appear-
ance of a contraction, although the muscle returns to its normal condition after
a slight effect has been produced.

When the musele is restored to its previous condition by washing out after
the action of the toxin, a second dose identical with the first produces a very
similar effect. The desensitization deseribed later is not seen in the same
degree.

In view of the work of Sir Thomas Lewis and his colleagues on the
resemblance between the effect of the injection of histamine into the skin and
the response to noxious stimuli, we thought that the contraction of the
muscle might be due to histamine liberated from it in the early stages of the
action of the toxin. We tried the action of the Septique toxin on the rat's
uterus, and althongh histamine relaxes the musecle in this animal, the contrac-
tion after the toxin was of the same character as in the rabbit.

Histamine is therefore probably not a factor in this action.

(6) Unspecific Action,

Boiling a solution of Septique toxin for 5 minutes destroys all action of
the toxin on the uterus if the dose of toxin is less than 100 mgm. With doses
of over 100 mgm. of this particular toxin, boiled for 5 minutes, a temporary
inerease of tone with slowing of the spontaneous movements occurs. Boiling
a solution of Weleh toxin for 2 hours destroys all action for doses of
40 mgm. and under. There appears to be more * non-gpecific " substance in
this toxin than in the case of our Septique toxin. Fig. 2 shows these * non-
specific ”’ effects produced by large doses of boiled toxins. They are clearly
different from the effects of the specific constituents, and are not prevented by
the specific antisera. Probably they are not due to small amounts of the
“specific”” substance undamaged by the boiling but to constituents from the
broth, such as peptone.
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(7) Latent Pertod of Action.

Fig. 1 shows also that the latent period of the action of Septique toxins

varies very considel aby ly with the dose used. A small dose (1'9 mgm. in 15 c.c.)
has a I'ﬂ“u period of Approxi imately 15 minutes, whilst a dose of 120 mgi.
has a latent period of about 1 minute. A similar effect 13 shown |.l‘| HJ!|'|:I](‘I

drugs. For example, the action of adrenalin on the uterus in a ln!]l of the
same size has the following latent periods:

R

|'|“| 1l |] | i_'_|l.'.,!-_|I |..||||.|II iy

Eﬂmqm BOILED W.5.T.

LU‘ “rwl M Wl IMM

zm:: mgm amu:n V. :. T.

.A'||

:.”m lllhn ’Jm_.)m \‘m

:Fl‘mm BOILED WE.LC.H
..l;{{! J) (

Icﬂmqms EI'JIL!.D WELEH T

g, 2 [Tn i:-.:'ili-' elloel: '_|||-.-|E||.|-|| |-.|.' |:|I':1' doses of boiled LOXInE, Alr 12 1r1||-]5_||4| ;:]:-l.'l."|l1,'
throuch the hath.

Adrenalin dose Latent El-'l'i.clll.
1/1000 mgm. 2 62 secs.
/100 ¥ : ELh,
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[t is possible that the shorter latent period of the action of adrenalin is due
to its molecule being smaller than that of the toxin; this would allow it to
diffuse into the muscle at a greater speed.

(8) Effect of Toxin on the Small Intestine and on the Auricle.

The effect of the 'ﬁ[‘l]iirlllr‘, toxin on -"~1|"i|_1h of 1solated rabbits’ small intestine
suspended in oxygenated Ringer's solution is very similar to the effect on the
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uterus. The muscle contracts and the spontaneous movements cease; the
action is prevented by the previous addition of an adequate dose of the appro-
priate serum. Isolated rabbits’ awricles were suspended in oxygenated Ringer's
solution, and the contractions registered on a smoked drum. The effect of the
Septique toxin on such a preparation is shown in Fig. 3. There is soinetimes
a temporary increase in the rate of beaf, and, very occasionally (once in 20
experiments), in its size, after which the beat slowly diminishes and finally
ceases.  Large doses of adrenalin (at A in the chart) cause a slight reappearance
of the beat. Washing out with Ringer’s solution does not produce a return of
the vhythm. A mixture of toxin with an adequate amount of specific sernm
has no action on the auricle. Lautenschlager claimed that the action of his
toxin on the frog’s heart was exactly siumilar to that of the digitalis group, but
this is not trne for the action of Septique toxin on a rabbit’s auricle. The
rabbit’s auricle always shows an increased height of contraction as the first
result of the administration of the drugs of the digitalis series.

FiG. 3.
168 PER MIN, I52 PER HIM, 138 PER HIN.. RATE

|8 MIN 'TA.

Fig. 3.—Effect of 30 mgm. of V. septique toxin on an isolated rabbit's auricle in a bath
containing 60 c.c. of Ringer's solution. At A 05 mgm. adrenalin. Rapid bubbling with
oXYgen is used,

(9 The Concentration of the Toxin Necessary for Various Effects.

T'he concentration to produce an effect on the isolated auricle appeared to
be about the same as that necessary to produce an action on the intestine or
the uterus. An accurate comparison has not yet been attempted. We have
found, with Liautenschlager, that when a post-mortem examination is made of
an animal which has recently died of the toxin, the ventricles have ceased
beating whereas the auricles continue to beat. Probably the ventricle is
slightly more sensitive than the other tissues, although no experiments have
vet been done with isolated strips of ventricle.

Table T shows a comparison of the concentration of toxin used in the bath
with the concentration in the serum of rabbits injected with the toxin
intravenously. The latter fizures were caleulated on a basis of the blood
volume being 4% of the body-weight and the blood consisting of § serum and
¢ corpuscles.  Every kilo of rabbit would therefore contain 192 X § =44 c.c.
of serum.

Lt will be seen that the minimum concentrations are very similar in the
two cases.
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TasLe L—Minimal Effective Concentration of V. septique Toxin when
Injected into Rabbits Intravenously and when added to a Bath containing
an Isolated Strip of Uterus.

Rabbits Infravenonsly. Isolofed Uterus.

Dose  Concentra- 2 Dose  Concentra-
mgm.  tion mgm. Result and death time in 15 0. tion mgm. Latent

(2 animals at each ; ; riod of
e dose). DA e R
18 041 Both died in 3 and 10 ; 75 05 8 min.
min. respectively
10 023 Both died in 4 and 8 ; a7 0°25 1 S
min. respectively
b 011 Both died in 35 and 40 . 19 012 il -5
min. respectively _
&5 0°057 Both died overnight. : 09 006 S0 .,
12 0027 Both lived. ; 045 003 No effect.
e 0014 5
‘3 0007

e

Intravenous injection of a solution of toxin into mice weight 15-25
gm. each :

16 mgm. DD : 0°40 mgm. LL
% DD . 032 LL
k8 DD ; 024 |, LL
056 |, DL

The mouse M.L.D. of the Welch toxin we have been using is about
1'0 mgm. for a 20-gm. mouse.

D indieates a death, L indicates a survival.

(10} Desensitization to V. septique Toxin.

When oxygen is used for aerating the bath the effect of the toxin on the
muscle disappears in about half an hour (this is referred to earlier).

The following experiment (Fig. 4) shows the effect of subsequent doses
after this recovery has taken place.

When two similar strips of uterus, hereafter called 4 and B (see Fig. 4), are
suspended in baths containing 15 c.c. of Ringer's solution, and 7'5 mgm. of
toxin is added to both baths, a contraction with cessation of the spontaneous
movements occurs in both strips A and 5. In half an hour both strips have
regained their normal rhythm. Another dose of 15 mgm. of toxin added to
the bath containing the strip of uterus A then produces no effect on the muscle.
After a further interval of 1 hour a 40-mgm. dose put into both baths produces
a slight effect on the strip in bath B, but this was not so great as it would have
been if no previous dose had been given. No effect at all appears in the case
of strip A. If a dose of 40 mgm. of Welch toxin was added to the bath con-
taining the desensitized uterus no effect was produced, whereas a dose of
adrenalin produced the usunal effect. If air was substituted for the oxygen
used for the bubbling during this experiment the spontaneous contractions
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ceased.  (If the bath containing the desensitized uterus was washed out with
fresh Ringer no difference in the desensitization was seen.)

A strip of uterus left in a bath of oxygenated Ringer's sclution for a
corresponding ]_]L‘llll[l without addition of toxin did not show this desensitization.

Successively increasing doses of the Septique toxin therefore produced
desensitization to both 1Iv.1'|. elch and Septique toxins, The phenomenon was
only obtainable when the oxygen tension of the fluid was high. Formolized
toxin, and toxin destroyed by bubbling, failed to produce the desensitization.

While this effect is in some respects similar to the immunity produced in
the whole animal as the result of repeated injections of toxin, it has the following
points of difference :

(1) The desensitization depends on the tissue, whereas the uterus of an
mopmunized animal did not appear to be any less sensitive than that of
normal animal (see later).

.‘l U' i

W Il""l w

T-5mgms TOXIH 15 mgms TORIN admams TOKIM Bomams TOXIN

O TIME 15 30 135 180 MIMUTES

40mgms TOKIH
2 TIHE ] 20 135 150 MIHUTES

Fig, 4. —Desensitization to V. septigue toxin. The effect predoced by the initial dose is not
repeated by the later and largor doses, Rapid bubbling with oxyeen is nsoed.  (The white
lines i.t]-'iil':ltrl' |ili:i '|||..|- 1_|'4'||'i.|:i_1_|r ig i]|1-'|'t'1|13'|_|'|! ]

(2) Tt is not specific in that a musecle desensitized to Septique is also
desensitized to Weleh toxin.

(3) It did not appear to be produced by doses of formolized toxin.

(4) The time taken to produce the effect was very much shorter than in
the case of the whole animal.

Other drugs will produce a desensitization to subsequent and similar doses,
e. . pituitary acting on the blood-pressure of an animal, for here also a second
dose fails to produce an effect if it follows closely on the first.

(11} Effect of Antitoxin.

[f the Septique toxin is mixed with an adequate amount of the appropriate
anti-sernm, and the mixture allowed to stand for periods varying from 1 minute
to 1 hour before use, the uterus fails to contract. Doses of toxin amounting
to 40 times the minimal effective dose* can be completely neutralized in this

#

\ minimal aelfective doge i3 [I‘II' 'I:r.-'w of toxin alone 1.1"||i|"|'| will .jll;.a[ ]_"i|'-:|1|_li|_'1" FI 1] |"|T-|-.|'-t on the
uterus
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manner. If larger doses are used the “non-specific” effect previously mentioned
15 obtained.

A. Tutration.—The titration of a serum for antitoxic value can be carried out
as follows: Doses of 75 mgm. of our toxin (about 40 times the minimal effec-
tive dose) are mixed with varying quantities of serum, and the volume made
up to 9 c.c. This mixture is warmed to 37°, and added to the bath -:rnnt.;Li]liIl;.:'
a piece of uterus showing spontaneous contractions. Air is used for aerating
the zolution during this experiment. The amount of serum 1s varied until
two mixtures differing by 20-25%, are found, one of which produces a toxic
effect and the other does not. Fig. 5 shows the result of this experiment, and

HEUTRALISATION

TORIM r
J IU.; M SERPTIGU

e o LU VT VU ORI P T 1Y

TjKIH TE magms
SERUM O-Q105¢k

I HUI‘ |F| ﬁ hlﬂ- EW ”’NM M }Illi JHWH ‘mﬁnﬁm‘w’*mwwww] il

I-: I JLLPAT ""-I'-'"JL"-JLJ'.; #

I T M I'Mitt'r\bit{A T,

m
A

TOKIM TI:,.n.ﬂu..-
SERUM 002 g

I'tg. 5.—The titration of a Septigue gerum and toxin (the amounts of serum differ by 26 % ).
Air was hubhbled |';I'|r§|-i|:'.' throueh the hath : rate of bubbling is not controlled,

Table 1T gives the cos *l”“"” with the determination of the L, dose obtained
by |||]1 cting toxin-antitoxin mixtures intrave 11n11*~|} into mice.

TasLE Il.—Toxin NN,, Titrated Against Serum 2441.
L+ on Mice (by Infravenous Tjection).

Mizburs i scted. Dieaths out of 10 mice  T'roportion of serum

used for each dose, to 1 merim. of toxin,
8 mgm. toxin 4 0°0012 c.c. serum : 10 : 000015
: L 00015 ,, .. : 10 ; 000019
- 00020 . = : 4 . 000025
0:0025 . i ; i) : 000031
L 0:0030 .. i : ] : 000037
% 00035 . : ; ] : 000044
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i Tsolafed Roablif's Terus.

Mixture used. Result, Aol o
75 mgm. toxin - 000105 c.c. serum . Large effect . 000014
-+ 0°0132 ,, T i ¥ ' ' 000018
-+ 00167 ,, ud . Small ,, Y 000022
0021 a o : No . : 000028

WA TOXIH 13mgms + Drlce & TORIM G M 40 ORWAL SERLI
EDEMATIENS UM W.3. TO SMgmS + O e, HOEHAL 3ERUM

V.S, TORIH ISmgms + Q-lc.c
DIFHTHERIA - SERUH

B, 6 The :-C|:lr'|'illh' effect of . geplugtiie SR, Th ]'I'l"}li11:_1' of the toxic effect E'l"“i”'-'"'i
by 004 coo. of V. gepligue serum is not obtainable with -1 coe. of tetanuz, Welch, edematiens,
diphtheria, or normal sera.  Air was bubbled rapidly through the bath ; rate not controlled

[t is clear that if uteri from different rabbits vary in their sensitivity to
the toxin, then the apparent neutralization value of the serum will vary. Such
variations of neufralizing value as we have observed with different rabbits are
not greater than 25%,. It is possible that these differences are due to differences
in the rate of bubbling. The error produced could be entirely avoided by
putting up sunultaneous titrations of a standard serum and of the unknown
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serum on pieces of uterus from the same rabbit, and assigning a neutralizing
value in terms of the dose of the unknown which produces the same effect as
another dose of the standard.

 Fig. 6 shows the specificity of the reaction. Whereas 0°004 c.c. of Septique
antitoxin neutralizes the specific toxin, 25 times as much anti- Welch, tetanus,
wdematiens, or diphtheria antitoxins or normal serum fails to neutralize the
effect. 1t was also shown that 15 c.c. of normal rabbit's serum had no effect
in neutralizing the specific toxin.

We have worked out a neutralization curve for Septique toxin, the results
of which are given in Fig. 7. The amounts of toxin left unneuntralized in
mixtures of 75 mgm. of toxin with various quantities of serum were estimated
by comparing the effects produced by such mixtures with those produced by

Flg. T.

X
X

™

= \
P__

O_..._.,_

100

FPERCENTAGE OF JTOSIN NEUTRALIZED

-00S -0l 0I5 -0z
¢.C. SERUM ADDED TO 75mgms TOXIN

Fia. 7.—Nentralization curve for a V. sepliqgue toxin and serum. The ordinates are the
quantities of free toxin estimated as a percentage of the total toxin used (i.e. 75 mgm.). The
abscisse are the quantities of sernm measured in ce. added to 75 mgm. of toxin.

small doses of toxin alone on similar strips of the same uterus. Where the
amount of serum was so small that moere than a maximal contracting dose of
toxin was present in the mixture, a fraction of the mixture only was added to
the bath. The estimated amounts of toxin left unneutralized, expressed as a
percentage of the whole quantity of toxin used, are plotted as ordinates in the
eurve shown in Fig. 7 against the corresponding quantity of serum as abscissse.
The length of the vertical lines is an estimate of the error of the determination.
The shape of this curve suggests that there is a large amount of toxoid present
in the toxin (¢f. neutralization of diphtheria toxin, Glenny, Pope and
Waddington, 1925).

B. Effect of adding serum after toxin.—We have done some experiments
to show the effect of putting the toxin and the serum into the bath separately
at various intervals of time (Fig. 8). The dose of Septique toxin used in these
experiments was 15 mgm. It was found that 00004 c.c. of serum mixed with
this amount of toxin before addition to the bath completely blocked the toxic
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effect (Fig. 8, No. 1); (r004 c.c. is therefore called the serum “equivalent™ for
this dose of toxin. Fig. 8, No. 2, shows the effect of 15 mgm. of toxin alone.
If 1 “equivalent ” of the serum is put in 1 minute after the toxin (No. 3),
during the latent period of action of the latter, a toxic effect appears.
[t is not so great, however, as when no serum is added after the toxin (Ne. 2).
If 3 “equivalents " of serum (No. 4) are added at this time, i.e. 1 minute
after the toxin, the toxic effect is blocked completely; no trace of effect
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Fic. 8.—At 1 (in all tracings) 15 wmgm, of V. septique toxin is added. No. 1:15 mgm,
toxin + 1 “equivalent™ of serum mixed together for one minute before adding to bath.
No. 2: 15 mgm. toxin alone. No. 3: 15 mem, toxin, then 1 “equivalent ™ of serum one minute
afterwards. No. 4: 15 mpm. toxin, then 3 “equivalents™ of sernm one minute afterwhrds.
No. 5: 15 mgm. toxin, then 6 “equivalents” of serum 7} minutes afterwards. No. 6: 15 mgm.
toxin, then 50 “equivalents” of serum 7! minutes afterwards.  Time-marker 1-minute
intervals.  Air was bubbled slowly through the hath 2-3 bubbles per second.

appears. The action of the serum is much more complete than the simple
renewal of the Ringer's solution (¢f. Section 5).

[t was found that a larger amount of serum added to the bath 71 minutes
after the toxin, when the action of the latter appeared to have reached its
maximum, would produce a reversal of the effect of the toxin and an apparently
normal rhythm would recur (No. 6); 50 equivalents of the serum (No. 6)
would do this in 2 or 3 minutes, whereas 6 equivalents (No. 5) produced only
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a slight return of the rhythm in 20 minutes. This reversal of the effect of
the toxin has been produced by adding serum 30 minutes after the toxin.

In view of the fact that the toxin ean be washed out with Ringer's solution
(Section 5) and that serum restores the normal rhythimn after the toxic effect is
produced, it would seem that the “affinity ” of the toxin for the tissue is not
much greater than its * affinity " for the serum. The toxin does not become
firmly fixed on to the tissue. However, very muech more serum is necessary
to reverse the toxic effect (Fig. 8, No. 6) than would be necessary to block it if
the sernm were mixed with the toxin beforehand (No. 1). This difficulty of
“eatching up " a dose of toxin with serum may be largely due to the serum
being able to penetrate the tissue only at an extremely slow rate compared
with that of the toxin. Presumably the antitoxin “ molecule ™ is larger than
the toxin * molecule ” and penetrates more slowly.

We have also tried putting the serum into the bath 10 minutes before the
toxin. In this case the action of the toxin is slightly greater than would be
the case if the same quantities of toxin and serum had been mixed before
being put into the bath. The slightly greater action of the toxin in this case
is presumably due to an appreciable decrease of its rate of *‘ combination "
with the sernm in dilute solution, so that free toxin is allowed to penetrate
into the tissue. Further evidence of this phenomenon was obtained by adding
a dose of toxin with 1 “equivalent™ of serum to the bath simultaneously,
without previous mixing, when a slight toxic effect was obtained.

(12) The Titration of Weleh Antitorin.

We have titrated three sera for their content of Welch antitoxin, using a
method similar to that described for Septique in paragraph 11.

Table II1 shows a summary of the results with all the Welch and Septique
sera titrated by this method and by intravenous injection into mice.

A titration of a Welch sernm is shown in Fig, 9. It will be seen from the
figure that the diminution in the response to adrenalin can be used as an
indication of the toxic effect produced; this method is useful in the case of
uteri which do not give regular spontaneous movements.

The titration of Welch toxin and sernm by this method is not quite so
accurate as the titration of Septique toxin and serum. For instance, when
this titration was done on the uterus, the results for which are shown in
Fig. 9, a mixture of 40 mgm. of toxin with 0°004 c.c. of the serum (No. 2782)
gave a toxic effect, whilst a mixture of 40 mgm. of toxin with 0°006 c.c. of the
serum showed no toxic effect; 40 mgm. of toxin with 00005 c.c. of serum
sometimes showed no toxic effect, and sometimes produced an effect nearly as
great as that of 40 mgm. 4 004 of serum. Two other uteri out of the
10 which we used for this titration gave the neutralizing value for the serum
between 0°003 and 0004 c.c. for 40 mgm. of toxin; the other 8 uteri gave a
similar result to that shown in the figure.

The reasons for this variation appear to be as follows:

(1) It is not possible to use a large number of minimal effective
doses * for the test-dose "* of toxin in the titration. Our Welch toxin
®* A “test-dose™ is the dose of toxin which iz mixed with warying quantities of sernm in

making the titrations for antitoxie value—e g. for the titration shown in Fig. 9 the test-dose of
Welch toxin is 40 mgm.
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contains a relatively larger quantity of ““ non-specific” material than
our Septigue toxin (para. 6).

(2) The uteri from different animals appear to vary more in their
sensitivity to Welch toxin than they do to Septique toxin.

The maximum ** test-dose " of Welch toxin which it was found possible to
use in the titration was 40 mgm. The minimum effective dose of Welch
toxin has not been determined for a large series of rabhits, but 5 mgm.
produced a distinet effect in the case of some 8 animals, whereas the uteri
from two other animals failed to react to 10 mgm. of toxin,

TasLe IIL.—Summary of Results with Tozxin and Sera.

e.e, of sernm to 1 mgm. toxin,

Toxin. Seruni. e Un isnhag;{llml:ﬂbl;it‘s
Septique NN,, . 2441 0°00019 + 000021 +
anti V5T 000062 — 000052 —
T 2441 000019 + 000023 +
anti VST 000025 +— 000028 —
000031 —
. - 2639 0:00025 + 00004 +
anti VST 000075 —- 00053 —
o : 2756 00011 + 00015 +
anti VST 00015 — 00018 —
Welch L 2782 000009 +- 00001 +
anti Welch 000012 — 000015 —
o 2748 000004 4+ 000012 +
anti Welch 000018 4 — 00002 —
000045 —
- 2 aThRe o 0001 00012+
anti VST A 0003 — 00025 —
+ indicates death of both mice (two used at each dose); toxie reaction of uterus.
+ - o “ one out of two mice.
— P Both mice live ; mo action on uterus.

The test-dose of Welch toxin is therefore equivalent to about 8 minimal
effective doses in the case of the more sensitive uteri; this figure compares
unfavourably with the Septique test-dose, which is equivalent to about 40
minimal effective doses for Septique toxin. It would appear that this method
would not be satistactory for the routine estimation of Welech sera unless a
Welch toxin with a relatively smaller quantity of * non-specific ™ material was
available ; or else a standard serum would have to be put up on each uterus
used and the unknown serum compared with it.

When we were titrating this serum (No. 2782) for Welech antitoxin, we found
that if a fast stream of small bubbles was used for aerating the bath a toxic
effect on the muscle was produced, although the amount of serum used might
be greatly in excess (up to five times the amount) of that required to neutralize
the toxin if slow bubbling was employed. It would appear that the serum
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was being removed and destroyed in the film of the bubbles at a faster rate
than the toxin, the * combination ™ between the two being split up and the
mixture becoming more toxie. This effect has not vet been investigated with
other sera. It was only possible to obtain consistent results with this Weleh
SE1I ]Jj.' using a slow stream ol large bubbles of air; the rate was L‘f*irt-
between 1 and 2 bubbles a second.
(13) Specifictty of the Weleh and Septique Seva in fhis Reaction.

[t was found that 0°1 c.c. of Welch serum 2752 would not protect against
3T mgmn. of Septique toxin, whereas 0°006 c.e. of l-na sernm protected against

40 mgm. of Weleh toxin.
Similarly 3 e.c. of a specific Septique rabbit serum would not protect

FiG. 9.

T

o 40mgms WELCH TOXIN + mac._ EERUH +A

L r| -|| ﬂ | ||F|1WW HJ

__II_IJ

,'I'

1- 4-|:: mgms WELCH TOXIN+ ‘004 cc SERUM 4 A

SO

T40mgms WELCH TOXIN +-006cc. SERUM A

|
ki

(W)

Fra, 9.—The titration of a Weleh toxin and serum {1y 40 mem, Weleh toxin + 00003 oo,
Welch serum ; (2) 40 megm. Weleh foxin + 0004 c.e. Weleh sernm ; (3) 40 mem. Waleh toxin
4+ 006 ¢ce. Welch serum. At A in each case 0002 mgm. adrenalin.  Air was bubbled slowly
t'||:|'uu-__|:"|| the hath: rate 1-2 habhles per gecond.

against 10 mgm. of Welch toxin, whereas 1 c.c. protected against 30 mgm. of
Qé]nii:[lm toxin.

(All the Septique horse-sera available contained Weleh antitoxin when
tested on mice intravenously and on the isolated uterus.)

(14) Experiments on Immunized Animals.

We immunized 3 rabbits with Septigue toxin-antitoxin mixtures. The
first had 3 injections of 2 c.c. each, the second 3 weeks after the first, and
the third 1 week after the second; the serum of this rabbit was titrated
against Septique toxin by intravenous injection into mice and the following
results obtained :

1'2 mgm. toxin 4+ 0°3 c.c. serum LD
1 S - ] . LL
04

(The letter I} indicates | mouse ‘-‘I-]Illi b died. L lived.)
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Another rabbit had 4 injections; the fourth dose of 3 c.e. was injected

T days after the third.
The serum gave the following results :
8 mgm. toxin + 0°3 c.c. sernm DD

4 12 1 13 1y 1]
1‘6 LT LE] 5] L] LL
1‘2 L] " LR 1 LE

The third had 2 further injections of 5 and 10 c.c. respectively at further
7-day intervals, making a total of 6 injections.

The results with the serum were:

4 mgm. toxin <~ 0°3 c.¢c. sernm DD
1'{5 L b ¥ n iy LL
it 1 " G

All rvabbits were killed 7 days after the last injection, and the uteri were
tested in the bath with small doses of Septique toxin.

The minimum dose of Septique toxin necessary to give an effect on the
uteri of these rabbits in the bath was found to be the same as that for the
normal rabbits done at the same time. At the time these experiments were
done the effect of the bubbling in removing the toxin was not appreciated,
and small differences might not have been noticed. With this reservation an
isolated uterus of an immune animal would not appear to be less sensitive to
the toxin than that of a normal animal.

Another rabbit had 15 injections of T.A. mixture. The serum gave the
following results on mice :

05 e.c. serum -+ 2 mgm, toxin LL

ﬂ-]' ¥ ] ¥ ¥
e07s o, - EER I
1515 S A - el
005 n DD
PO 5 Sy

The auricle from this rabbit when washed free of serum reacted to the
septique toxin in the same way as a normal rabbit's auricle under the same
conditions. Strips of small intestine from this animal reacted to the same
doses of toxin as those from a normal animal. Tt would appear that these
tissues of an immune animal are not protected against the toxin when they
are separated from the serum.

Mr. Mason kindly consented to immunize these rabbits and titrate the sera
for us. Our thanks are due to My, Dalling, Mr. Mason and Mr. Glenny for
advice and materials used in these experiments.

SUMMARY.

1. The actions of V. septique and B. welchii toxins on involuntary muscle
in vitro are described.

2. The toxin of V. septique is shown to be destroyed by bubbling air
oxygen or hydrogen through its solution.

3. The action of V. septique toxin is shown to be reversible by washing
with Ringer’s solution and by adding a large amount of serum.
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4. The concentration of toxin producing effects on smooth musecle in
aerated Ringer's solution is shown to be of the same order as that in the blood
of a r:lhbit receiving an average lethal dose.

A small dose of V. fqm'qmz toxin added to a bath of oxygenated
lungm s solution containing a piece of uterus renders the tissue insensitive to
the action of larger doses of either V. seplique or B. welchii toxin.

6. The impormm- part of the action of the two toxins is specific in that
they are neutralized by the appropriate antisera and not by other antisera.
There is a trace of non-gpecific toxic material in both toxins.

7. By using this effect titrations of antitoxin potency of sera have been
carried ont. Differences of 209 of the sera in a neutralizing mixture can be
determined. The end-point approximates closely to that given by the
determination of 1., dose in mice.

5. Rabbits were immunized against V. sepfique toxin. The uteri from
these rabbits reacted to the toxin in the same way as normal ut.eu The
minimum dose was about the same.
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