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THE TOX rN OF '' CJ.. CH ATJ VOEI ' ' . 

INTRODUCTION. 

Ct . cluwroei i,; <Ill clllomalou~ HJ emher of th e group of pathogeni c 
~po re-bearing an aerobes. \ Vhib t small a mounts (0 · 1 c .c.) or h Yi n g 
'"ultures, in oculated subcutaneou sly or intnnnuscularl.~· into su sceptib le 
a n imals (boYines, sheep , guinea-pig.~) nwy p1oduce gas g angrene an d 
death '' ithin 24 hours, .Yei it requir e;; a large close (0 to 20 c .c . ) of 
sterile fi ltra te adminis teretl intraperito n eal!~· t o guinea-pig~ t n ki ll 
th em . On e m ay call su c·h a filtrate ' ' toxin " , hn t it i ~ h ardl y to be 
cOlllpared with t h e exotoxin of ( ' f . 1cel!"/ui an tl ceria inl:v not ,,·it h t h at 
of Cl. tetan i . L eclainch e ancl Vallee (19001

) r ecord t h at :Ma r tin ' s 
broth cultures are t ox i c- after 4R h ours' ineubation ancl tha t iox i c · i t~· 
increases up to 15 cla.n;. Of a filt rate of a 5-day cultu1·e, 5 c.c . t o (j c .L 

killecl a g uiJJt>a p ig in 12 h ou rii, "·hen administ ered inh nperitoneally. 
They note that t he toxiu wa~ ht>at stable . Keise r (1D1 SJ si at t>s thn t 
1·0 c.c. t o 1· 5 c.c. of a fili ra1P of a 10 to 12 d:tys ' ::'lfadi u 's broth 
cultur e lntS let hal t o gu mt'<l-pigc< . I\njima ( 1!:J~ : l 1 . 2 ) shm1-~ that HlP 
fil hates of ~young (18 t o :·Hi hours ) c ·u li ures i ll ::\Lntiu' ~ broth 1JJ n ~ 
0·1 to 0· ~ 1wr cent. g l ueose a n cl h esh g ui nea-p ig nm scl e piece~ 11·1:'r e 
tox i<· for mice (iuhaYen ou s i njc>c ti on ) in closes r aug i. ng· honl 0 ·1 c·.c·. 
i o 0·7 c. c . 1'he toxin h ad au acu t e ac·ti on , Jlrochw ing sym ptom :,; <IJHl 
death in from 2 to 3 m inute;; up t o nu hour or hYo. 'L'his toxin (or 
a uo t h er consti tu ent of th e 1 oxic fi ltra tt>) 11·a ,; h aemo] yt i c. Both \\·t>re 
th erm o-labile, resist ecl slmage hadl ~· , awl 1rt>rt> nenhulizable by 
Cl. cha u uoei antisen nn. -Eic-horn (191 l') ) ,.;tnte;-; til at fi l t !"<dt>~ po, ,. p~,; 
toxie prope1·ties an cl Ledainc-lw and Yallee (182!-l) re<"onl tha t frolll 
the 24th h our, Cl . clwuroei secretes :1 toxin <-<lpahl t> of ki lliu g, 
i lllmedia.tel.l-, various speci.Ps of an imals. Basset (lD20 1

) shmn; that 
th e filt rate of se rum l i 1·er h1·ot h culturPs kills g ui nea -pigs it V'l c .c . 
to 20 c.c. are g is en inh aperi t.on ea lly . The· letlw l pHl]Jt>dit>s are 
practically th e sam e 'Yh ethe1· th e filt rate is fresh , 2 t·o 4 month s old 
or presen ;ed in the li.gh t or in th e clark . S r-oti (1925) nn d \- il jnt>n a n cl 
Sch euber (1926) were una hlP to dem onstr ate n t o:s:in i n Cl . d u t lt rol'l 
filtrates . :l,e ller (1925) u sed filtrates from t ln ee wee~\::;' old pe pton e 
l iYe r b roth (plus h Yer piec·es) cultures ; ]() t o ~() c· .c . gi1t>n imb
cutaneously or intr aperitoneally to guinNl-pigs cl icl not kill th em 
and swelling,; onl:\- ''"ere produ ced on t lw ,;ubcutn n t> ou,; in jedirm of 
25 c·.c . ancl 50 c .c . into sheep an d 100 c .c ·. int o a n ox . Th e ''"or k of 
Ura,;sberger nncl Schatten froth (1 90St) Las not bet> n c-olJfinned . Th e~
weJ·e a l: le to rl emon strat P a 1nost p ower fnl t o:;in in filt1·ates hu t t l1t> rt' 
would app ear t o he l [ttlP clonht th nt a contami nating- toxig enic 
<maerobe wa:> responsi hlt> for t his . Th i,; Yit> IY i s s11ppm ted b~· t h eir 
mnt results ( l!l0S2

) in 11·h ich t he1· s ho 1Y th ;l t guin eD -p ig-s imnmn e to 
th t> t ox iu ' '"ere not immune to i h e i 1J oc· ulnt ion of Yirulen t blavi; 
q uad er materi nl (t> .p; . musclt> oeclema flui cl ) . Thet e is little doubt t h nl. 
St. IvaniC's (1 !) :2~ ) culture~ \\·ere not p1nt> . Of .'1 strains in ~- estiga ied, 
ti produced n powerful t oxi n, as little as () · 000 c. e . of filh :1te ki lli ng 
rabbits wlu~n inj ectecl in(Tf!Yenousl y. Tlw "ot>cl t> ma " St> Ju m of thP 
Vienna Seroth erapeu hc Tu sti tu te IYa,; able t o ueutra li:;~e 10 wou se 
lethal doses of toxin i n a dose of 0 ·001 c .c. This serum h ad no 
n eutra lizing effect on the cul tures of t h e t "o n on-tox ip:enie strain s. 
Kerrin (1934) dem on strated toxin ancl h aem oly si n i n fil trntPs of 
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buffered tryptic <ligest brot h cultures. The lysin cou ld h aemolyse 
sheep r e el cells i n a dose of 0·0025 c.c. to 0·005 c.c. ltelatiYely small 
a m ounts (0 ·0025 c.c.-0·05 c.c.) of the sera of m an, the ox, the 
sh eep a nd th e h orse neutra lized 10 minimal haemolytic doses, whilst 
1· 0 c .c . of th e :-;era of normal guinea-pig;;, rabbit::; and S\Yine did not 
h:we thi::; effect . 'l'h e m inimal lethal close of the toxin (inh·aveuou ,; 
inj ection) was f rom 0· 025 c.c. t o 0·5 e.c . fnr mice an J 0·5 c.c . fo r 
g uin ea-pigs; 3·0 c .e. (li<l not kill a rabbit. The sera of man, hor~e. 
rabbit a nd guin ea pig h ad a ueutralizing effect on the toxin. 'l'h<' 
effect of the to_-..;in was Yery quick. H eating the filtrate at 52° C. fOJ 
:) to 10 minutt's destroyed the ly~in an1l the toxin; h oweYer, both 
r l-'~>iste(l stor<.~ge fairly ''"el l. 

'l'h e 'nite1·, in UJ:lO antl Hn1, "t the \ \'el kowe l)hysiological 
Hl'sea1·c h Laborator ies, He<"kPnham, wa s Hhle to demon~tnd<· a ,·,-ea !, 
tox in and ly:s in iu th e fill ra te:; of young (18 to 24 hour,; ) c-ultures or 
r:t. c l1r1 u roei (unpublished ,,·ork). The result s ,,·ere simiLn to tllOSP 

note<l abon•, Yi:~: . , the intr aYe11ou s injection into m ice of 
hom 0 ·1 e. c. t o l· 0 (". <" . of filhaie killecl them \Yith a v ery 
s hort in<:u hatio n periorl (f ew se <" on<1s to h alf-an-hour) a nd h(Jm '2·0 <:.c. 
to i") · 0 !" . ( ; . ' '"a" necessary to ]Jrorlnce death in gui nPa-pig-s. The lysin 
also wa .~ weak, tlw smallest haemol.\·s ing dose lor sheep <·Plls being
abou t 0 · 025 <" .(· .but usual!\· 0 · 1 c .c. was necessarv. Toxin -antit oxin 
n <>ui ra l i za tiou tests " ·ere t{i1 sat isfactmy, O \Y i ng t c> the small u u mlw r 
<>f killing doses t h a t could be used per test dose, often onl~· one kil ling 
d ose, an d o\\·i ug- t o t h e rapidity ·with which the toxin kille<l tl1 e 
a n illlal. Hmn,,·er, the e.s:pE'riments showed that <lll antitoxin mad e in 
a rah bi.t h ad mo1·e p rotecfi,·p pO\Yer than normal rabbit se rum and tlw 
impression "·as g·ai nell that Cl . sefJiirum antitoxin had some 
ne ut r a lizin g effect. Unfortun<.~iely no defini te conclu sion could lw 
dnnYH , as a ut itoxiu s m a <l e in horses agai nst the toxins of Cl. wel1·1iu, 
Cl . his tolyhcwn and C!. tetuni and the sera of some normal h orses , 
hm·iuPs, g nats nu (1 s1JPep so meiimPs lH' utralizen one or hYo killing 
!loses. 

( ln the writer's an .iYal at Orulerstepoort, lhe sub ied was taken 
np afres h, i. t bein g felt t h at if u "useable " toxin !'Oul<l be obta in ed , 
t he diseasE', l>laek quarte1·, could mme pnsi ly be stu<lied. 

METHODS. 

(} c r: JTHE" U .<; J-:JJ . 

C1. r' llllllroei . 

.St?'ain (i4.- Tsolated hom a mu~de of :1 heift>r dearl from b lat'], 
q ua r ter i.n \Va terh~rg· (TnwsYaal ) in 1D2D. 1'his strnin has been :111d 
is being- used for the rou ti ne pr o<ludion of black quarter Y:l <" <'.l!l e 
(a naculture) by t h e \\Titer ' s rollr;ag·ne, Dr . .J. R. Scheuher. 

. S t Nrin 0 .- Brought from Eng·lan<l h~· "TiteL Originally iwlab .. tJ 
front t h P m usde of a ho,·inr, "·hi<"h rliP1l .of hlaek <tnar(pJ· in Europe. 

St rm11 J-<,. 77.-Isolated by t h e 'niter in 19:34 fnlnl a p iece nf 
mm;c le of a boYine " ·h i<"h <lie!l of bla<·k qum'ter in tl1e 'l'ransYaal. 
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THE TOXIN OF '' CL . CHAUVOEI ' '. 

St1·ain L.- A strain supplied by Mr. D . A. Lawrence Diredur 
of Veterinary Research, Southern Rhodesia. :Yir. La wren~e 'inforn~ed 
the \ITi ter that this strain was being used for vaccine production 
and was relatively non-pathogenic for guinea-pigs and sheep. The 
writer \YUS able to confirm thi s- 2 ·0 c.c. to 5 ·0 c.c . ·of a 24-hour m eat 
broth Gultme injected, intnmnl~f· nlarly, into a g-uinea-pig produce(l 
a swelling ])ll t not death. 

Cl. septicum. 

St·tain R .P.- Brought from overseas by the write1· , ongm 
unknown. It produced a powerful toxin and had been used a t the 
\Vellcome L a boratori es for the vrocluction of antitoxin. 

l'u nnY 01 .. Ct.:LTUiucs . 

Cl. chautJOei: G4 and Cl. sejJticum. K.F. \Yere "single-celled " by 
the method described by :Yiason (19~)()2) . The r emaining eultures were 
repeate(H,v plate (l and typica l coloniec; picked. As guin ea-pig passage 
cultures of Cl. clwuvoe1: wm·e 1·epeatec1ly used, frequent r ecourse was 
had to surface purity and to fermentation te~ts. 'l'hroug-hout t l1 P 
\YOrk, can<lled or pulpe(l filtrate was injected i ntraYeuousl~· into mice, 
as a eh8r~ k on the presen ce of, for example, the toxins of Cl. septirum 
or Cl . oedematicns. Beyond, very occasionally , i h e ll1'8Sence of a 
~taphylocoeeus (when th P eulh 1re \Yas (liscarded) uo imliGai.iou wa~ 
got. that the variou" cultu res \vere otber than pure. The ferm en tation 
reaction,; of th8 various stl·ains \\·er e as follo\~·s (1 per cent. ' · sngnr " 
in 1 per cent. peptone ,,·atm· plus 5 per cent. sterilA shAelJ serum., 14 
clay's in(:ubation in a ~1dntosh 's and Fildes' jar nt :no C.): -

All four ehauvoei strains fermented >vi th acid formation a.Il(l 
usually >Yith the production of gas, saccharose, galactose , glu cose, 
lact.ose , la8vulose, maltose; in arabinosA , a " t nH:e acid " reaction 
was got; salieine, sorbite, mannite, dulcite , 1·affinose, rhamnose an<l 
inuline were not attacked . In litmus milk (plus 5 per cent. she8p 
.'iel·um) a soft clot an <l acid >vas produced. Gelatine wa s liquifi.ed 
but Loeffi Ar's serum medium and in spissated hor,;e ~ennn >~·ere not 
attacked. 

The Cl . sPpt£cttlll strain (K.F.) produce<] aei(l ancl g-as i11 galactose, 
glucose, lactose, laevulose, n1altose, salici1I e, de:drine ( ±) and inosite . 
It was without action on saceh arose, a doni te , dulri t e, raffino,;e, sorbite 
a nd m annite. An a!'id d ot was formed in litmus milk, g elatine vvas 
liquifi.e<l but neither Tjoe:ffier ' s me(lium nor soli(l serum wa s attackNl . 

The morphologicnl, cultural ml<l pathogenic peculiari i ies of the 
fonr chauvoei strains and tlw one sephcum strain were thos8 accepie (l 
as typieal for theHe bacteri a . K. F. prorl need a po>verfnl exotoxin 
after 24-3() hours ' incubation (YI. L.]). for mou"e i. v . hetwee11 
0·005 e .c . and 0·05 e.e. ) wh ereas, as \v ill be shmnl in <leta il later, 
none of t h e chauvoei cultures produced a toxin th e }LL.D. of >vhi<·h 
for a mouse was less than 0·1 c. f· . 
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:1\lEDTA. 

H orse fles h m Nlt lnoth (meat hroth).- 'l'his was a slight modifica
tion of ltobertson's (191G) me<lium. '£h e preparation is given in the 
article by l\bs.on all(l Scheu ber (1936). In all instances, about half 
the vohuhe of m edium in t he t ube 01· :flask was meat particles. 
Preparatory to inoculation, th fl pH of the me_diu m was adjusted to 
7 · 8 \Yith N aOH, and then boiled for from 10 nnnutes (tubes of 10 c.c. 
capaPit;y) t o :2 hours (600 to 2,000 c.c. flasks) and cooled rapi<lly . 

]JozJe's " st1·ai,ght line rlige.,t " mediUJn.- [P ope and Smith 
(J 832) . J 

1/urt le!J 's rli.i)PSt m ediwn (1922) . 

Tliljoen' s wul Sclt e?tbet 's rnedimn 1926 (see Mason and Scheubflr, 
w:~o, for preparation). 

Fon Flibler's medium (190B) . 

C ole!JuJok' s dig es t; l i&er medium [ :;ee Mason an cl Scheuber ( 1 !);36 J 
for prepm·ation ] . 

.A s with meat broth, t he pH of all meat-particle-containing lllP<lia 
" ·as ad.iusterl to 7 · B, and boiled and cooled just prior to inoculati on. 
(This does not apply to volumes of 10 or 20 litres: t he pH som eti mes 
was and at other times "·as n ot altered but owing· to t11e bulk, boiling· 
'"as not 1·esorted to .) 

Sndace <·uJtureo; 11·ere obtaiuerl on horse fiesh infusiou peptone 
agar, plus 10 per cent. of a mixture of equal parts of sheep serum, 
~beep haemoJ,ysed r ed cells au rl a Haline extrad of g-uinea pig· liver 
(see ~fa son 1~):-14 and 19362

) . 

lJoi Led lwr,illi (H enderson HJ:l2) . It '"as fouurl i hat clew;,; 
~ uspen sion s of Cl. rhmt1·oe1; coul<l be obta ined by gro" ·ing the germ 
in meat brot h for 18-24 homs, pulping- t he cultu re, rl isr·arding the 
meat ancl ll tushin g up t he pulp, containing t.he bacteria , in a small 
quantity of " ·atel'. One coul d then express a eonsiderable portion of 
t he bacter in-containin g flu id with a press and the organisms could 
then be washfld anll spun out in a centrifuge . T he dense suspension. 
;;n ohta inerl , could then .be treaterl as <l<:>sc-rihfld by Hen rlerson. 

Fdter r·andles.-The R erkefel rl ~ Yariety \Yas used throughout. 

d n'imals : Ji-iee .-'rhese were ~uppli e rl hy one rl en J ~>r and \\·eig·he<l 
bet\Yeen 15 nnrl 18 g-rammes . 

Uttinea piqs.- vVh ite or predominantly " ·hite animals \Yere 11~ed 
nnd \Yeighed between 250 anrl 000 g r am mes. A barium sulphide 
rlepilatory was used to remoYe t he h nir, for thfl ini radenni!' t it ra tion 
of toxin . 

. 'ilteep .- 'l'h ese \Yer e of the }!erino breed, va r ieJ iu '"eig·IJi· fro111 
l R Kg. to 30 Kg·. an d ha d usually passerl through an anthrax and /or 
hlue tongue experiment. I ntradermic titration of toxin " ·as carried 
o11t on the hare portion of skin of t he inner Ride of th e hinrl leg-. 
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TilE TOXJK OF '' CL . CHAUVOEI " . 

EXPERIMENTAL. 

P Ain' l. 

T nE DJD .LOKSTRATlOK AND Puol!UCTION OF A Toxrl\. 

Ptelinu>nary e:upe1·iments.- In a ,;eries of preliminary experinwuts 
an a ttempt waB m ade to demonstrate a toxic action of the ;:;upenwtanl 
fiui<l (spun) or of the p ulped 0 1 ("andl ed filt rate of a (j to 18 homs' 
UL . chatt·voe1; eulture (m eat broth plus 5 per cent. h aemolysed cells 
and serum) . From 10 e.c. to ftOO c.e. of meclium "·as nserl ;mel 
par ticular attention was p ai d to a t horough hoihng to expel clissohed 
air. I n some in stanc;e:; t h e mediu m "·as boiled, cooled, inoculaterl :tn<l 
t h en exhausted in an nir-tight ja r until bubble~ ceasecl to ap[1Par. 
'l'h e j ar "·as t hen \\·ash ecl out 2 or :1 time,; with hy(1rogeH and finally 
fillerl 'Yith this g <t s an d incubated. In oJJe experiment , l hP follo1Yi11g 
substa n ces were addecl to th e medium, prior to inoculation- chalk 
(excps,;), saponin (1 in 40 of a 0 · 4 per cent. solution), cystein (0·:! per 
cent .) ;md ferrous sulphate (1 in 40 of a 0·4 per cen t. solution ). To a 
number of filtrate::;, sodium h.vdrosulph ite (~a)))), ) y;as allele (] to 
make a con eentration of O· !H- O· l pen-en t ., arul exhnusti.on r:nnierl 
out for 2- 3 hour~ . Tlte inoeulum i 11 all instances was the heart 
blood and f or h ver of a guinea-1)ig .iu,;t (lead f rom an intrnllmsc1d<t l· 
inoculatioit of Ul . chauuoei 01" a meat broth culture once remon~d 
from a g uinea-p ig passage. 

The Te:mlts of the u se of t h ese Yarious pl"Ocl uc!s (eleven in all) 
were as fo llows--guinea-pigs died after n~eeiving 0·6 e.c.-:2·0 c.l:. 

intrasenonsly (can liac puncture) . Symptoms n:mally de n•lopell in 
2 to 10 min utes, t h e a nimal being clishes;:H•rl <nH1 breath ing· in a 
pumpin g fashion . It 1nigh l then clie >Yi.tb in a further ,·J to ;)() mi mt te~ 
or m igh t appar en t ly reeover to die within 24 h011rs. Solll e shmYerl 
this distress but r ecovered nnd r emained 1rell. T h e most stri king· 
post-mortem appearance " ·as the presence of petecltiae or suggila( iou~ 
in the lungs; in some eases t he lungs wen• a hat•morrhagie 11t ass. 
The serum from a sh eep which h ad received nnal·ulture aucl then 
living cultur e and surviTed, neutralized the i o:.;ic efter·t of the 
fi lt rate 'vh ereas 11orm a l sh eep serum cliclnot rlo so (filtrate nncl se m11t 
m ixerl , left for l h ou r at room temperature nnd inject·ed) . Ho\Hl\"l'l", 
th e antiserum ''"as not a ble to prevent the appearance of the init i<tl 
~.vm ptoms of distress . 

:Mi(·e u ::; ually s1uvi n~cl the i njection of ()·:] (·.c. intraYenon~ly 
A s a rule, ea rly symptoms of distress appenred, to pass off in from 5 to 
:)() minu tes. 

Two ::-h eep, one nonn al and one immune, reeeived intraYenouRl.v, 
200 c .c. of a pulped filtrate >Yhich killed guinea pigs in n (losP of 
] · 5 c.cl. No symptoms o1· cli stu rhances \Yere ohsen·ell. 

N o inrlicJation was got that any one methorl of toxin prorlttc·tion 
was b et ter than another (period of growth , exhaustion, r educt ion, 
etc .) . Th ese preliminar y experiments indicaterl t hn t !here was <1 
very \Yeak toxie m aterial i n ch auvoei filtrate~, hut that , un less it 
roulcl be concen traterl , 110 u seful work conl<l be carried out. HefrL"l' 
atttlmpt ing concentration, t h e effect of intraclennic: injection in g·u1nen 
pigs \Yas ascertained. 

438 



J. H. )iASON. 

l<Jx zJeri nw nt 1. * 
~train G4 11· a s grol'·n in 3 x 40 c.c. fia::;b of mea t broth p lu,; 

0 p e1· cen t . serum and h ae molysecl cells in a .Maclutosh 's and l<'ildes· 
.i ar. After 18, 48 a n d 72 hours' incubati on n t ube " ·as remoYed ;md 
filtrate injected in hadermically in to guinea-p igs . In a deli ti ou t h e 
su per u ata n t of t h e ~pun materia l or t h e candled sam ple of each day's 
fi l t rate was r eclu ced '"ith N a 2 8 2 0 ., and exh au sted a nd i ts iutraclerm ic 
effed ascertained . 

T h e one a nd t h e two cl a _y fil t rates produced sllla ll r er1-bl ue a r ea;; 
on the s kin, a pparent after 2- 3 hours; th e th ree <lay fi l t r ate form er1 
a 1 ery lJale r ed flu sh . Auti-ch auYoei ;;h eep serum n eu traliz(-'r1 th is 
r·<·<t dion, Y;hi lst uonua l sh eep serum h<td li ttlE' if any f'ffect. 

l~'xpe rinwnt 2. 
As exper imen t 1 lll(hcated tha t 18-hour filtrates c·ontained a 

Jnorl utt whi ch cau sed a r t>artion on in t radermic inject ion , nn atlelll pi 
" ·a s m a de to roneenhate t h is mat erial b)· <hy ing. S train 64 \YH~ 
gTO\\·n in meat broth plus serum and h aemolyser1 cells fOl' 18 hou rs, 
in an air-exhausted ja r . Of th e c·awll ed filtrate, 0 ·2 c.r. Jn·orlue-erl a 
bint l't' (1 ;u ea on t he skin. A d ry po\\·c1er \YUS made by drying rlo1Yn 
:)() c.c . oYer II2~0.,; 30 m g . can ,;etl a n inten se blue mark, o nly 
.-;lightly affected by rhauvoei a n t·iserum b u t not by normal serum . 
The same am ount gaYe r ise to a ~;mall 1·er1 readion in a nonmtl sheep 
O G869) a acl to no reaction in an immuue sheep (37400). F urth e1· 
ex:perieu ee i.tHlicatecl t h at 11ar t of th e r eaction in guin ea-1)ig,.; ,-,as duP 
to JlOll -sp ecific mntrr i:1l , in grPat memnne, to NaCl. Some bat.dH~"' 
of chif'd a nrl l lO IYclerecl broth l'a used quickl.1·-ap1waring bloor1y J'P
<t dions . H oii'PYer, th ese ten<1ecl to r1isappear quickly and the area 
was, as a rnlf' , onh · ''"ith c1 i ffleult ~· locatec1 aftpr ?4 h ours. 

E ,T;penmcnt 3. 

The exp eriments collected undt>r t h is heading 11·e1e continuations 
of e:qw r im ent ?. Strain G4 \Ya s cul t ured for 18 hours in meat broth 
plus seru m a nd h aemol)·secl r·cll:-; and pu lpecl or can clled filha tf's \\'E'l'P 
e it h er <lrier1 d mn1 or sa tnratecl IYith ammonium su lph ate (about GU gm. 
uer 100 C.l·. ) and t h e p rPcipitate clriecl . Surh powrlt>rs, in a dose of 
from 10 t o 30 mg . , pror1ucerl in tr a derm ic reactions iu guinea-pigs 
and sh eep . Ch auYoei immune sh eept ei thf'r dicl not read or only 
q •r y sligh t!.'·· ChauYoei ant isernm re rlucerl the sizP HllLl 1l1f' illteusit_,. 
of t h e reactions (blu e-r ed spots) bu t did not annul t h em enti reb' . 
Thu s , there "·ns r eason to h ope i h at the toxin ('ould he furlhf'r 
<·on('en tra t.ecl. \Vith t h i,.: en d in Yiew 2 x 2 Jihf' quantities of meat
hroth p lu s se rum am1 h af'mol)·,;ed rell s were ino('ulaterl dirert from a 
guinea p ig, i nru bn tt> rl for 18 hours an d pu lped. 1'h f' IYPt IHeripitat(-' 
lll'or1ueer1 by ~atnrating " ·it h ammon ium ;;ulphatP \Yas dia1.\-;;Nl, in 

* I t is to be assumed t hrougho!lt, un less otherwise statcd, t hai thc pH of the medium 
was rectified and t he medium boi led just p rior to inoculation. 

Fur the r it is t o be assu med t hat the inoculum was Pithcr the henrt b lood and/ or liv<'l' 
<•£ a gu inea p ig ju st dead from black quar ter or a cultu re not far rC'movcd from a p>essap:<'. 
\ V'hcn t he statement is ma de t hat the inoculum was t he livPr of a guinea pig, it refer; to 
thl' liver of a gu inen p ig just dead of an exp0r imental infect ion. 

t U nlc.;s otherwise stated, a cha•l\-of'i imm une sheep mean s one "·hieh has rPcc·iYcd 
nnacult ur(' nnrl living cu1turc. 
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parchment paper, for four days against !listilled water. Thi~ was 
carried out at 10° C. to minimise auy bacterial growth that m ight 
oc;clu. '1' he precipitate from 1 litre was placed in the paper, water 
added and this dialysetl against about 16-20 litres of water , ,,·hich '"as 
ch anged twice dail y . The final outside fluicl gave n o pr·eci]Ji tate or 
only the fa intest opalescence ''"hen barium chloride y;as added. ( La ter 
on it was found advantageous t o cany out the first 4- G hours dialysis 
again running tap water) . A copious, '"hi t e, rather gelatinous 
precipitate formed in the bag. This " ·a s S]Jun off and the supernatant 
dried down , first with fans blowing over >;hallow layeT:;, aud then 
when nearly dry , in .an exhau sted tlesiccatoT over H 2 S04 • Some 
experiments with the dry toxin so formed (Toxin 19) \Yill nm,· be 
detailed. 

'l'oxm 18.- The dry powder vvas not fully soluble i11 :;aline, 
rlistilled " ·ater Ol' broth, a " ·hite , rather sticky precipitate being got 
after spinning . 'l'he pH of the supernatant was 5 · 5-5·(); on adjusting 
the pH to 7·4-7·G n early all the de1Josit " ·ent into solution . How
ever as this did not render the materia l more t oxic, it \\-as evident 
that the deposit \Yns inn d iYe, w that, as a routine, the powder \Yas 
stirred u p in the sa lin e, ~pun and the superna t a n t used . After 
several tria ls , it was found t h at 100 mg . ·in 1·0 c.c. gave a solution 
that wn s mobile en ough for the purposes required. * 

Boiling the toxin fm half-an-hour produced a considera hle 
coagulum; heating at G0° C. for half-an-hour cau~ecl opalescen ce ; 
() ·1 c.c. of neither produced a recognizable intraclennic reaction in 
gmnea p1gs. 

Jhnml/um Heact inp D ose (Jl.R.D. ) in G t1iner1-p1:.1J.-'l' hi . ..; wa:; 
found to he in the region of 0 ·OJ c .e. A dose of 0 ·1 c.c. produced a 
red flush in half-an-hour, increasing in intensity after 2 hours and 
being at a maximum in 4--6 hours. After 24 hours, there was u su ally 
:, tendency to spreau with a less intense colouration. Doses around 
the :M.R.D. came up more slowly, being a ppar en t in 2-G hours an<l 
recogni?:able as small r f> clclish-blue marks afteT 24 hours . 

T orc£cdy on lnlmvenous ( i .',.) In:iect·t:on.- A dose of 0·25 c.c. did 
ILnt kill a mou,;e mul 0 ·6 c.c. wns non-leth al for a 150 gm . guinea-pig. 

R eactions i11 Slu'C/J.- '1\Yo immune sheep and one n ormal sheep 
rece ived 0· 25 c.c. in traclemicallv. In fi hours, the r eactirm in thP 
normal a nimal IYa s nHmifesting. itself a nd in 24 hours was definite. 
This consisted of a very roughly circula r red-blue area about 20 mm. 
in diameter, of a more intense hue in t h e centre . After 48 h ours it 
had fadecl some,Yhat a nil was only a pale flu sh after 72 h ours . ~n 
reactions a ppeared in the two immune sh eep . 

SrJecifir:ity.-Ten JH.RJJ. (0 · 1 c:.c .) were neutralized by () · 006 !'.l:. 

(not. by 0 ·00:!5 c.c. ) of th e serum of one imrnune sh eep, h.\· 0 -1 c.c. 
(not by 0·05 c. c.) of that of another but not by 0·1 c.c. of the sera 
of two normal sheep. (Using other toxins, it will be shown that 
0· 1 r .r. of normal sh eep serum rloes not n eu tralize nne sure M .R. .D.) . 

*Througho11 t the work wit h different toxins 100 m!f. of d r.v toxin was dissolvPd in 
·0 c.c. saline . Therefore, the amounts of toxin injected will be given in c.c. a nrl not. 

in mg. 
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Comment on To:1:in 19.- It appeared reasonably certain that a 
toxin h ad been demonstrate([ in a CZ. cham;oei filtrate, and that the> 
intradermic injection into g uinea-pigs was a satisfactor y method of 
demonstrating it. One disadvantage '"as the rapidity " ·ith which the 
readion faded. Often after two hours, what looked like a forerunner 
of a strong reaetion was Yisible-a definite dark reel. area of about 
10-15 mm. in diameter-to facl.e to a faint red flush " ·ithin 18 hours. 
'l'he ·OYercoming of this difficulty and the irnestigation of olht'r 
methods of concentration was tackled next. 

ATTE)rrTs TO CoKC:ENTRATE ToxrN. 

n'x p eriment 4. 
(a) l!.'jfect of lhalysmg in Parchment Pazle1' and in Cellophane. 

Strain G4 was grown for 18 hours in meat broth plus 10 per cent. of 
horse serum* and 2 per cent. of guinea -pig liYer extrac·t . The pulped 
filtrate '"as p recipitated with ammonium sulphate and the prec1p1tate 
clialysed against distilled wate r for :j clays in parchment paper and in 
cellophane (commercial variety obtaine<l in South Africa, grad<:' 
number unobtainable). Both in side fiuicls 'nre treated as rlescribed 
for T oxin 19. The ~I.ILJ). and Lr of each 'nls anproximatt>ly tl1 e 
same. with, if anything , the advantage to the '' cello]1hane " t•O:X ll: 

('l'oxi n !{5) . 
(b) T h e Effect of Dlnlysing jot dzjfe1'ent lengtl1s uf tlme.- Strain 

ti4 (direet from a guinea-pig liYer) " ·as gTo,Yn for 18 hours iu :)00 c·.c. 
flasks of meat broth plu,.; 10 per cent. horse SPI'Ulll. The precipitate 
produced by saturating th e pulperl filtrate wi th aunllonium sulphate 
was dialysed in cello ph aue for different perio<h, and t he in siclf' f:l u irl 
dried dmYn after remoYiug iusol u ble material. The> ~I. H. D. and in 
som e cases the Lr was then est a blishecl (ta bl t> 1) . 

' I'ADLE 1. 
The effect of ]) /a lysis on 0 1. chauYoei to.rin (To.r/11 ;y ' . 

Dittlysis. 

Xilt . . ... . .. . .. . .. .... . ... . . . . . .. . .. . ....... . .. . 
3 hours .. .. . . ... .. .. , . ... ... ... . .... . ..... . 
21 hours .. . . . ....... . . 
+8 hours .. .. . . . ... .• ... . . .... . 
!)6 hours .... . . . . . . . . . . . . ........ . 
144 hours ..... . . . . .. .. ... . .... . . . .. . .. ... .. . ... . 
288 hours .. ... ...... . ..... . ..... .. . . ...... ..... . 

M.R.D. (c .c.' . 

? 0 ·025 
> 0·1 

0·025 
0 ·005-0 OJ 
0·01-0·025 

? 0 ·1 
? 0 ·1 

Lr. 

0·0025 
0 01 

--------------·------'------------
Similar tests carri ed out with other brews of toxin confirmed , lJ• 

large measure , the results of table 1, viz. that a ~~ to 5-clays' dialysi s 
with removal of insoluble material produced the best results. Tlw 
q uestionable reaction got with th e non-clialysed precipitate i;:; to bt> 
:1Hrilmted to the high conct'ntrahon of ammoniu m sulphate. 

* The serum, taken with aseptic precautions, was ;ncubatcd at 37°C for 48 hours in 
t he presence of 0 ·1 per cont . formalin prior to its addition to tho medium . 

t " N il " means that the crude dried ammonium sulphate precipitate was used. The 
figures under Lr mean t hat thos<:> amounts in c.c. of a certain antiserum neutralized 0 ·1 c.<'. 
of toxin , whilst 25 per cent . less antitoxin d.id not do so. The sign " - " indicates no test. 
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(c) The l~se uf Jlled1a otheT than 1lieat /Jroth.-'l'he details of 
eaeh individual experiment need not be r econled. 'l' h e following 
media were used, usually in 000- 1,000 c.(·. amounts, the inoculnlll 
being guinea-pig liver or a eulture om ·e remoYed from it, anrl lhe 
incubati-on being 18 hours at 31° C.- Hartley's digest broth (plu~ 
meat particle" aiHJ sheep serum and h aemolysecl cells), Pope 's digest 
broth (pluii meat partides and sh eep serum and haemoly~;ed eells), 
Colehrooke's liver digest broth mixerl "-ith horAe :fle;;h broth and 
strongly buffered (mixed 1 to 9, 1 to 5, 1 to 1 and 2 to 1, no meat 
pa1-tides) and Viljoen's an(l Scheuher's medium. Tinder t his hen diug 
may be> iuclnderl experiments comparing t h e toxin-proclu('iug po\Yel' 
o+ large Yolumes (10- 20 litres) and small Yolumes (600 c.('.) of lll ea( 
h1·oth plus 5 per uent. horse serum, m e.at broth plus 5- 10 ver cent . 
horse serum, 5 per cen t . sheep sermn a n d h aemolysecl cells a nrl 
guinea-pig liYer extraet (the sali.ne extract of hom half to one liYer, 
acldecl to 1,000 c.c. of medium), meat broth plus 5 pe1· cent. horse 
serum when the pepton e " ·as added right at the start of the ]Jre
pamtion of the medimu aurl wh en i t ''"as a(l derl in the usual way 
aft er t he preparation of (·h e mu,;cle extrad atHl m eat broth plns 
0 · ;!.') 1 )er cent. glucose~ . 

[ t eau lw :;ta (·e(l rlcfini.te.l,v thai Viljoen's ancl Scheuher',; medium 
anrl large Yolnme~ of ltleat broth ga,·e poor re,;nlk ll i:; difli c1tU to 
submit an opinion on the results "·i.th the use of the ot her mPdia , 
beca use somPtime~ the one and at other tiutc>s tlu · oth er gaYe incli ea
tion:-; of producing th e lwst toxin. At one time it \Yas t hought that 
the [Hlcliti.on of a s mu ch as 10 per eent. of horse plasma was ,·ery 
achantageou,-;. "\lilwugh this IYas unrloubierlly :;o, there 11·as the 
disadYantage t hat only about half of the final rlry prllnle1· 1vas so bthle 
in \Yater or ,;a litH' . After repeated COlllJlaratiYe tests, ntt•a( broth (me:1t 
patticles about one half uy volume) plns 2 to a IWI' ceni of gltinea-pig 
liver extract (or , i. f t h e inoculum was a guinea -pig lin'r, about a half 
li~-er to 000-1,000 c·.c. of medium) was arlopted as yielrling goocl toxin, 
1nth a final pmnler of which a considerahle percentap:e \\·as solub lr•. 

(d) Tl1e effect of th e inocvl11m .- \Yhen thr inoculum \\·as a 
portion of the li1·er of a guinea-pig killed hy the iutramuscnlar 
inj ection of culture (or of a e ulture not more t ha n oue mPat broth 
tube removecl from i.t) more potent toxin (in )f.H.D.) \\·as obtained 
tban wh en a C'ulture (listan( from an animal "·as llSE'rl. The following 
hri ef summaries of t"·o experimen ts illustrate this:-

1. (a) S train fi4 : G meat broth culhu e.-; re moYerl from a 
guinea-pig p as8age-gTO IYl1 20 hmus in 1 lii.rP of Jlleat 
broth plus sh eep serum , haemol:'i·-;pr] ('ells and guinea 
pig liYer extnwt. )f.H .D . of di,soherl ]JO\nler, 
O·OfJ- 0·1 t.(·. 

(f1 ) A~ (a) hut in oculmn direr·t fro m a g-uill ea -pig- liYer. 
)f.H.D. 0·01 ('.e. 

2. (al Strain L as reueiYecl from }h. L:nnPlH'f' o·o (',(', 
:wiruleut for a guinea-pig-) . Gmwn ;{6 hours iu 
1 litre of m ea t broth plus g-uinea-pig liYer extract . 
)'LH.D ., 0 · (Fi-0 ·1 c .c . 

(71) As (a) bu t inoculum clirer·t from a g·nin t>a -p ig· liver. 
:M:.R.D. 0·005-0·01 c.c . 
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(c) l'hc CJ7cct of the len.!Jth of t>ncubat·iun.--The three illust ratiYe 
experiments to be noted " ·ere conducted wit h strains G4, L ancl R 77 
1·espectively, in t h e medium and methorl of choice noted un der (c). 
They were carried ou t when a means h a ll been found of "stabilising" 
the ··in tr arl en ni c reaction s (see page 447 under "n(henalin " ) ; " ·i th 
.such a means a defin ite ren etion could he Ellieited wi th pulped or 
candled filt r a te. F lasks of 500 c .c . capacity wer e u sed . Pulped 
filt r ate all( I the same, preei pita ted '' i t h a mm onium s ul ph ate, di al,p-:erl 
for 4 days in cellophan e and then dri eel "·ere employed . Ta hle 2 
recor ds the r esults. 

The r esults g iYen in Table 2 do not allmY the (lra,,·ing of definit e 
(;on clusion s, a lthot1 gh t he indication is that, with in cr easing length 
of incubation , the toxicity rlrops . This indication ,,·as shengthent>(l 
by r esults obtained in m edia su ch as meat broth plus horse plasma, 
where a 20 hours' filtr ate was more poten t than one of 48 hours' 
in cubation. l t will be noted that, in r:onformity with rlip'htheria 
toxin, t h e antitox in-hin(ling-pmYer of the toxins nee(l not n ecess.<uily 
bear a elose relation t o the ~I.H.D. .\Jthough the ~I.R .D. of th e 
72 h ou rs' pr ecipitated toxin of G4 is 2~ to F'J times that. of tht> 20 
hours' toxin, the Lr has not alter e(l. Ho\YeYe r, it i;-; realise(l t.hnt 
the L r t i t ration \\·as cnrrie(l out at three-fold li1nits, so that one 
caHnot be certa in th at there was no difference . 

On e differen ce between the dry toxin~ hom ~ oung and olrl 
cultures 11·as the r elntiYely dear-cut intrarleuni(; readiom; prorlucerl 
by the fmmer COlllJJared with the sonte~,·hat inrl efini tt> flushes 
cause rl by t h e latter. Chiefly for this reason, toxins for rout ine 
purposes \\·ere preJlared f rom 20 hours' cultures . 

(f) The Effect of t he Strain.-No incli catioiJ m1~ got that m 1.\ · 

on e of th e four Cl . chwrv oei strains (G4, D , R 77 or L ) \Yas n better 
toxin-producer than th e other, when a Yirulent culture direr·t from 
a guinea-pig liver was u sed and when the 1nedium \Ya ::> m eat hroth 
plus serum, haemolyserl cells m liYer extra(·t and the incubation 20 
hours. 

(g) T he J', er: itJdat-iou of 1'o.n·n olhN than by .Sat'urat,ion 'll'ilh 
A 111 111oni'u m S 11lzJ I111 te. 

l. H alf ;;;ah rrat ion 11i t h ammonium sulphate: Th e toxicities of 
two rlry powrlers oh taine(l by saturating (GO gm. per 100 c.c.) and h\ 
half saturating a 20-hours' filtrate with ammonium sulphate \Y it h 
s 11 hseqnen t dia lysic; and dryi ng \\~ere a pproxim a tel~~ the samt> . 

2 . P reci pitat ion with potash alum: (a) Tbe filtrate of a 20 
h ou rs' m eat broth plus horse plasma culture of strain G4 '"as satun ti ed 
with ammon ium sul r1hate, t h e precipitate clialyserl for 6 day~ awl 
the insicl e fluid spun . Som e of t h e d ear supernatant wa s rlrierl (lO\\'ll 
and to anot h er l ot a t pH 5·7 enong'h alum was ::1clded to make a ] ·5 
~Jer cent . concentrat ion. After washing the alum preci pitate t"·i('e 
in di stilled water, i t was dissolved in 2 per cent. sodium citrate 
and dialyserl for 4H h ours . T'h e insirl e fluid was th en spun an cl th e 
supernata nt rlri ecl down. 'l'he M .R. D. of t he original dia lyserl 
ammonium snlphate prPcipitate was 0·01 c .c. , and of the fina l nlmn 
pro(luct 0· 1 c.c. 
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;r. II. ~IASON. 

(b) A 20 hour~' fi l trate " ·as treated with enough alum to mal< e 
a 1· 5 per cent. c.;ouc.;entrati.on, an1l the precipitate dealt with as uote1l 
under (a) . The }I.R.D. " ·as 0·025 c.c.;. 

(c) Samples of a 20 hours' filtra te \\·ere treated with enough 
alum to make respectively a 1 ·0, 2·5, 5 ·0, and a 10·0 per cent. con
c.;entration and the lJrecipitates rl.ealt with .as noted under (a) . The 
smallest M:.R.D. (1 · 0 per cent . alum) was 0 · 025 e .c. 

(d) Th e dry po,Yder of a clialysed ammonium sulphate prec.;ipi
tate was dissolve1l i 11 sa line, t he pH adjusted to 5 · 6 .and alum added 
(l·i") per cent. concentration) . rrhe precipitate was treated in the 
manner noted under (a) . In aclclitiou, the supernatant of t he alum 
precipitate was dialyse1l for 48 hours .and then driecl down. The 
:M:.R.D. "·ere as follows- ammonium sulphate precipitate 0·005-
0·01 c.c., almn precipitate 0·005- 0 ·0J c.c. , alum supernatant 
0 007- 0 ·0F> u :. 

(3) Precipitat.io n \Yith Sodium Snlphate .- Sbaiu G4 was grown 
f01· 20 hours in meat broi.h pith 5 per c.;ent. horse serum. To t he 
pulped filtrate 20 gm. of sodium sulphate per 100 c.c. \Yas added nncl 
the precipitate 1lialysed for 4 llays a ud th e r esultn ll t flui1l rl.rieu. To 
t he supernatant of the first precipitate a further 20 gm. per 100 c.c. 
aclclecl, aud t:he precipitate dialyserl nn1l the n•snltan t fluid 1hierl. 
'l'he M:.R.J). of the fir:;t prt>c ipitate \Y.as 0·00 e.e . a nd of the secoud 
() 04- 0. 0-~) c.c. 

(4) PJe!'ipit<ttion "·ith Acetic A!'icl. - Tbe same filhntP as nott>d 
under 0 ) was u-;ed. 

Enough acet ic acid \HIS add eLl to br ing the pH lo i> · :2 a ncl the 
precipitate collected (1st precipitate) . T'he supernatant was brought 
to pH 4·7- 4 ·8 , and th e 1wecipit.ate coll t> dE>d (2ncl pre!'ipit ate) . T he 
supernatan t of tl1is \Ya s brought to pH 4 ·5 all!1 the precipita t e 
collertecl O nl precipitate) . These three precipitates were dried llow Jl 

i·'?· rr7 C1I O and 100 mg . shnken U Jl in saline (the pH of the s uspeiJsion 
was broug-ht to 7·8 with ammonia). A considernble nmonnt did 
not go into ~olni i on ; !he }I.R.D. of e.a!'h supernatant was more than 
0· 1 C . !; . 

(o) P1·ec ipitation " ·ith Y,ine Chlori1le: Stra in G4.- 'l'he pulped 
filtrate of a 20 hours' m eat broth plus liYer ext ract culture of stra in 
64 was treated as follmYs . One sample was saturated with ammoniulll 
sulphate and th e precipitate nialyserl in the usunl way: to another 
Yolume eno11g'b zinc chloride was ndcled to make a 1 per 
cent. soluti on . The precipitat.e after bYo washings with distilled 
water \l·as dissoh·ed in 2 per cent. sodium citrate, dialyse1l for 4 clays, 
and the insicle fiui1l rl.ri efl dmnt. 

The :M:.R .D. of both toxi11~ \l·us behn'~E'n 0 ·005 and 0·01 c.r . 

( fi ) Preeipitat ion "·ith A1 r tone Sntun11ed ''"ith Benwie Acid .
Five gnnnmes of tnxin 19 were cli ss·oh-ecl i n 100 c.c . of flistilled \Yater 
nncl the solutiou clarified by spinning. To t he chill ed supernatant nt 
pH f)·f>, 5·0 c.e. of a saturatecl solu tion of hem:oic acirl in acetone "·as 
added. A copious \Yhite precipitate formed i. mmeclintPl)·. This \H1 S 

kept c.;ool and washed 1 times " ·i.t-h acetone (100 c.c. per n·aRhing) . 
The final prec-ipitate n·as clriecl i11 1·nn1o . T he JlO \Hler " ·as " ·hitP, 
i. lllpalpable nnfl wen t into solution ren rlil :'i· ill saline of pH 8·0-R ·2. 
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In tradennically , amounts of t oxin between 0 · 05 and 0 ·1 c . c. 
produced quickly -appearing blue spots, which elisa ppeared in a few 
hours. 

(7) Yrecipitation "ith Alcohol and Ether.-On a umuber of 
occasions, t he precipitates obtained by adding from Z to G volumes 
of alcohol or of eth er to a 20 hours' fi ltrate were dried dmn1 and 
titrated int raderm ically in gu inea-pigs . None of the pmYders went 
into solution readily and their toxicities \Yere low. 

(h) Adsm·zJtlon on and ElutJ:on from Kaolin. - To 20 c .c . of 
toxin 19 a t pH 8· 6 (di ssoh ed in Universal Buffer'~) enough kaolin to 
m ake a 10 per eeut. su spensi·on \Ht~ added . The suspension was hept 
eool and sh.a keJJ p eri od ically for !) homs . Th e kaolin \Yas then spun 
out and suspende<l in 10 e .c . of UniYer,;al Buffer at pH 5<) . After 
thorough agitatiou , the kaolin \Y<ts 11gain .-;pun oft. :So toxin coulll 
he llemonsbatell in th e supernatant . 

(·t:) Effect of Freezi ng and Tlwwi11 .r; To.rm.-Salimbeni and 
Loiseau (1934) state tha t <li ]Jhtheria toxin may be coneentrated by 
fr eezing t he fluitl an<l eollect iug the bottom t hird, after tha,ring 
has taken plaee at room temperature. In such a test, carried out 
with one toxin (29) the ::\I .R.D. of the original toxin, the top an<l 
t he bottom t hinl of the frozen <tnd tlJe tt tha"ed flnid ll"<lS flllpl oxi 
matel~· the same . 

Comment on Concen h ·aL'ion of To:vi11. 

~o definite indieation was got that better concentration of toxin 
could be produced eonsistently by methods other than the ammonium 
sulph ate-dialysis techniqne . One experiment might indicate that 
alum y ielded the best procl uct but repeat tests clicl not necessarily 
confir m this . F or t h is reason, the alllmonium sulp'hate method \ras 
arlopted as routine . 

J;;,1;peTirnent 5. 

A ttem .p ts to Ol.J talll C l em·er 1 ntrad er m.ic Neactions. 

A,; previou sly stated, t he intra<lenni r; injection of toxin 
produced, when 5 to 10 :JLH.D . \Yere used, u reaction appearing as 
a tiny flush in 5 to 15 m inutes, increasing in size anrl intensity up 
to 3 to rJ hours but farliu~' out cm1sirlerahly in 18 hours . Thus, the 
determina tion of the :JI.H.D. an<l Lr IYa S attended with some 
difficulty . One gainerl the impression that if the toxin r~oul<l be 
fixecl t o one spo t for a h our or two or if the tissue eould be slightly 
damaged a more pers isting a nd therefore more easily rearl reaction 
would be ob tained. 

(a ) E ffect of Dt jje1·ent D il1wnts (Toxin :l()) .- 'l'h is toxin IY8 s 
di swlved (100 mg . in 1 ·0 e.c .) in t he follo,Ying diluents, spun to 
remove any insoluble m aterial and the supernatants tested-saline 
(0·85 per eent .) at p H 5 ·5, 7 ·4 and 8 ·0, 1·0 per cent. glueose (in 
distilled \Yater ) at pH 7·4 a n d R, 2· 0 per cent. st11rch (pH 8), 1·0, 
2· 5 , Fi ·O a n<l 10·0 per cent. pepton e (\Yitte) in d ist illed \rater at 

* Brit ish Drug HouSE'S, Loudou. 
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pH 7 · 4, distilled water, salt solu t ion s (KaCl) of 1· 0, 2 · 5 , :) · 0 
and 10 · 0 per cent. concentrations, 10 p er cent. sentlll (horse) broth 
and 10 per cent . o·uinea-pig serum. in saline (pH 7-7 ·2) . In most 
cases an 1\I.R.D. a~cl au Lr te:>t \\'as caniecl out. No definite indica
tion was got that any on e of these diluents at whnteYer pH gave 
react ions superior to those obtained IYhen t h e toxin ,,·as dissolved in 
0 ·85 per cent. sal t solution of about pH 7-7 ·2 . Quickly-appearing 
bloody fl ush e,; \Yere prorl ucecl ".hen distilled 1n ter .a ud the h ig,.her 
concentratious of salt and peptone 1Ye1·e u sed, but, in these cases, 
t he con trol fluid, itself, " ·i t hout to:s.:in, lH·odu c.:ed a similar reaction. 

A :mw ll amount of insoluble deposit was obtained when tos iu ~lli 
was placed in sal in e, the final pH of the supernatan t b eing .ab out 6. 
By raising t he pH to 7 · l:i-8 · 0, n early all of this deposit " ·ent into 
sohttion but '"ithout lmYering the :JI.R.D. or intensifying the reaction . 

(b) Th e Effect of l nrotpomtlng _cl.yw· in t h e Toxin.-\Y'hen the 
tox in was dissolver1 in O·J to 1 ·0 per cent. nutrient agar , the reaction 
produced " ·as mnl'h mm·e (1efinite and persistent t han " ·hen salin e 
\\'US the diluent.. HoweYer, a difficulty \Yas ex]Jel·ieueed in carrying 
out a toxin -antitoxin titration. It \Yas difficult :mel, at times, impos
<:>ihle to ensure a thorough mixing of the toxin an l1 anti:;erum, '"hen 
0·25 p er een t . agm· ,,·a s entplo)·ecl. For this reasou , results Yarying 
h om day to day \Yere got , <lepeurl in"· npon t he clegree of admixture . 

TnE EFFECT o1-· .Ammx,u.Ix. 

As achenalin jJl'Oclul'es a Yasco-constridion , tlw possibility 
ex isted f ha t, mixed \\·ith toxi 11, it \\'Ould localist> it in the injected 
area, and t hn s giYe it the oppmtunit)· of prorlucill g an t>asily recog
niJ~able reaetion. Ex]ieriments proYecl the l'Orreetnes,.; of this supposi
tion. The ar1renalin n sed \Yas that preparecl hy Gehe and Co. 
A. G. Dresden, solution 1 / 1,000 . Of th is, 0·1 c:.c.: . prorlnced a very 
ext ensiYe haemorrhagi c area in a guinea-pig' s skin in 18 hours, the 
anin~al cl ying in 4H hours . D ilution ,.; of l / 10, l / 20 , 1 / 30 in 0-:3 c· .l'. 
sa li11 e nearly ab·ays r·ause r1 sp1·ending ha e!llloHhag-ie r eactions, th e 
animal u sually d ~·ing or haYing !.o be killerl. A borcleditte dose \\'as 
0· 0 c .c . of a 1 j:)O cliluhon; oo metimes n dirt-y-red spreachug- flush \\'<I S 

product>d , particularlY if tl1e site of inject.ion was near th e loose skin 
of the bellY. 'l' h ere '"a" lees risk of rausin~ <I 1·endion wh en the 
a(h enalin ;as inj ected into the firmer skin o~er th e ribs . D ilution s 
higher t!Jan 1 / :)(} proYt>cl 1·t> l<t 1 iYe]y snfe and after consirl erahle expt>r i
m entntion 0·0 c·.c· . of <I l / 100 dilution was chosen as lwi ng <:>ni tahle . 
rJ'h e toxin \\'l.I H lcwali;r,ec1 fm· <I ti}l1t' snffici en tl~r long to pl'Odii Ce a 
1eachon rt>aclable after 24 to -1-R hom''' wh ilst tb r ri sk of the non
spt> l'iflc efft>d of th E' acht> nalin \\'H" YPI'Y sli g·ltt. l n a C[1tile neglig·ihlP 
numlwr of ol'r·asion~. the aclrrna lin (lid. zin' sc, C"ause flush es, ln1! 
YE'l')' little esp Priencr \YH S nec· E'Siiar,v to (listinguish th ese from toxi n 
reactions ancl furth t> r , a r epe::tt tt>st iuYarinbly cleared up any doubt. 
T ilE' ]Jradiee " ·a,: ar1lwrP(1 to of stmitH(' tlw adrrua1in in .a n amher 
c·oloured bottle in a r efrig·t>ra tor and r1i scan1ing- it if it lieeall'P clis
eoloured in an~· wa ~- or if auy cl t> po"it wa ~ c1iseernihlP. 

The rea etion produced by the toxin plus ac1renalin will be 
clt>scribed unrler "the aet.ions of the to:s.:in ". 
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Th e Effect of R emoving I nsoluble ivlaterial from the Toxin.
N o toxin h as been prepared which is fully soluble w'hen added to 
saline at pH 7 · 0. 'l'he pH of the toxin in saline sol ution is behYeen 
o · 5 a n d G · 6 dep endin g on the toxin. By raising the pH of the toxin 
solution to about 8, m ost of the undi~solved material dissolves but, as 
h as p1·evionsly been ;,tated , \\·i thou t a corresponding reduction of the 
~1:.R .D . An experimen t \Hts eoncl ucted i n "·hich a dry toxin was 
dissolved i n saline, t h e deposit being removed by eentrifugation. 
Tb e super na t an t \Yas chied and the po"·der again dissoherl in saline, 
and this process repea t ed three times. On each occasion, a precipitate 
was obtained on attem pting to dissohe the toxin , aml further, the 
final s upem atan t (toxin d issoh erl 100 m g. to 1 ·0 c.e.) '"as less 
toxic t h an th e orig inal. T hns, it would appear that each ch.Ying
deJw hued some protein and destroyed ~ome toxi n . 

THE A cTIONS OF THE Toxt.:-<. 

l. The Effect of I ntradermic I 11 .iectiou. 

('rhese 1·e1lla r ks apply \\ hen the toxin is rlissolvecl m a 1 / 100 
dilut ion of a drenalin a nrl o· :J c .c. i s inj ected .) 

·wh en 5 to 10 U.R .D. are in.i ecte<l iuto a guinea-pig a flu,.;h 
u~ually appears within 0 to 1.) m inutes, to clisappe.ar in about half-an
hour. F or .a further one or two hours the site of inject ion i::; reeog
nizecl by the pal eness of t h e skin, the eftect of t he arhenalin. 'l'hi s 
g radually rlisappears and 2 to 4 hours after treatment a somewh at 
strippled pale r ed spot appears in creasing in intensity up to 8 hours . 
A f ter 12 to 24 h om s, a typieal reaction (cau sed by i) ~LR.D.) i s 
ver y roughly eircular , from 1 · 5 to ;3 · 0 em . in diameter, with an 
inten se r ed centre an d a r ath er mottled-red radiating p eriphery . In 
some in st an ees, 5 to 10 r eacting rloses produce a small area of necrosis 
in th e cent re, but t he r ead ion i s, in the main, haemorr'hagic in 
n a ture. Amounts of toxin , arounrl the U.R.D., produce nothing 
r ecog nizabe for 6 to 8 h ours and are visible after 24 hours as small 
r eel flu sh es m easuring 1 to 2 em. in diameter . (8ee F ig. l. ) 

As mueh as 10 guinea-pig r eacting doses llid not cause a l es ion 
in rabbits. 

The M.R.D. for th e sheep was .approximately that for the 
guinea-pig, the injection s being made into the skin of t'he t high. 
All t h e sh eep u sed at Onderstepoort were clocked so that tb e much 
thicker a nd tenser skin of t h e 1mcler Hurfaee of the ta il could not be 
used. Exper iments carried out by Dalling, Gordon and :Yiason at 
the vVellcom e Physiological R esear ch Laboratories praYed that this 
was a. most suitable site for the intradermic titration of Cl. welchii , 
T ype B toxin (unpublis'hecl " ·ork), and the "Titer suggests that the 
sam e ·would h old for Cl. chauvoei toxin. 

2. ~rtl/(/1 : (l utra'Uenmts I11 jection). 

G1l1·nea.-zJigs.- (T oxin ~n L . }I.H .D . = 0 ·01 c.c .) 

The toxin " ·as rlissol ved in snlinc (100 mg· . in 1·0 c .c.) t h e 
deposit r emoved , and t h e close injecterl in n total Yolume of 1·0 e .c . 
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.. c\ dose of 0 · 5 c.c. often produced a fe\Y spasmodic movements, 
with quicken ed respirat ions, in a few minutes . H owever , these 
passed off, t o be followed in from 2 t o 3 hours by ·weakness a n d 
hurr ied breat hin g . The animal lay on its side, occasionally utter ing 
a s:1ueak. D eath u sually superven ed in 4 to 6 hours, being preceded 
by sp asm s. 'l'he minima l lethal close of t h is toxin was between 
0·1 and 0 ·15 C .(:. 

J1 ouse.- Per gram body weight , t his anim al was much less 
susceptible than the guinea-pig, the ~I.L . D. bemg 0 ·1 c.c. 

R a!J/rit .- '1\venty g uinea -pig fatal doses produced on ly trans itory 
dist ress . 

S heep. - T h e fatal dose proved t o b e between 10 and 15 c.c . I n 
about half-a n-hour the r espir ations became markedly accelerated and, 
a thick r opy m u cou s disr:h a rge appearerl at the n ostrils . In 2 or 3 
hou r s, t he breathing was of the pumpin g Yariety, strings of mucu s 
hung fr om th e nose, and oceasionally dia rrh oea war; present. Inco
ordin ation of moYem ent an d l ater i n ability to support the b<J dy super
ve ned and (l eath oecune(l in fr om G to 48 hours after the injeetion . 

Fast-morte m flppcarances .- In the guinea-p ig, mouse a nd sheep , 
these were ent irely of a haemorrha gic n ature. Th e l un gs wer e a lways 
the seat of b loody effu sions, sometimes only petechiae being presen t 
but at other times the lungs wer e bloody masses. On the p leura and 
peritoneum pet echia l spot s to suggilations were seen. The heart wa~ 
usu ally :H nbby, witli petechiae or suggilations on t Lt e endocardium. 
ex ten sive ha enwrrhages were presen t in t h e wall of t h e intestine, nnn 
in on e sh eep h aem orrhages had occmTecl in the g u t -wall from t lt e 
abomasum to t he rectum . B lood \Yas u su allv n oticeable in t h e lumen 
of the in t estine . In one sheep , whi ch " died h alf-an-h ou r .after 
receiving 2 ~LL.D ., about 1 litre of hloo(ly fl uid was presen t in t h e 
pleural eav ity, the lungs a lso being full of b lood . This animal 
obvi ou sly drO\Yll e(l in i ts 0\Yn exuoate. 

:3. H aemolytic. 

I n eonducting the haemoly tic t est, toxin was a <lde(l to 1 · 0 c.c. of 
a 2 · 5 per cen t . su spension of t h rice wash ed shee]J r ed cells, t he tot a l 
volume m ade up to 2·5 e .e . with saline, the tubes incu b ated at :no C. 
for 2 hour s a n d, aftel' standing a t roo1n tempera tur e for a f nrth e1· 
2 h ours, \Yere read as co mplete (C), nearl,y complete (N.C.), part ia l 
(P) , trace (T ) or n egative (0 ) h aeuw lysis . In table 0 are recorded 
the minimal h aemolyti c doses (M .H .D.) nu cl L h s of a u uJttber of 
toxins. 'l'he Lh was arriYed at by mixing 0· 5 e.c. of t h e toxin wit h 
decreasing amou n ts of antitox in, allmYing th e mixtures to stand for 
one hour at. room temperature, adding 1 · 0 e.e. of red cell suspenswn 
and a f ter adjusting the Yolume t o 2 · 5 c .(~ . with saline treating t h e 
tubes as d eseri bed for the M .H.D. tei:it. In these tests, th e haemo ly tic 
power of t h e pulped culture and o£ t h is pulped filtrate after preeiptt a 
tion , dia lysis. drying and re-solution (100 mg. in 1·0 e.e. ) was 
establish eel . -
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TABLE 3. 

The H aernolytic Power of Cl. chauYoei Toxm. 

P ulped toxin. Precipita.ted toxin. 
Age of Toxin . 

20 hours 
48 hours 
96 hours 

168 hours 

36 hours 

36 hours 

:!0 hour~ 

20 hours 

20 hours 
48 hours 
72 hours 

M.H.D. 

0 '1 
0 ·1 
0·2i) 
0·25 

O·Oii 

0 ·05 

0·025 

1 ·0 
0·25 
1 ·0 

Lh . M.H.D. 

STRAIN L (v) . 

0·03- 0 1 0 ·1 
0 ·03-0 ·I 0 05 
0 03- 0·1 0 ·1 

<0·01 0·05 

STRAix L (v) (another brew). 

1 0·03-0. 1 

STRAIN I. (Av. ) . 

0 03- 0 ] 

STRAIN D. 

0·1 

STRAIN 64. 

0 03-0·1 

STRAIN 64 (another brew). 

N.D. 
0·03- 0·1 

N.D. 

0·2 
0·2 
0 ·25 

Lh. 

0·03- 0·1 
>0·1 
?0 ·l 

0 ·03-0 ·l 

0·1- 0 3 

0 ·03-0·1 
0 ·1 - 0·3 
0·1 - 0·3 

(All figmes = c.c. , pr ecipitated toxin dissoherl 100 mg. in 
1 · 0 c .c . saline; K.D. = not done; age of toxin = nmuber of hours 
that culture \Ya8 grown ; in the Lh titrations, 0 · 6 e .c. of toxin " ·as 
u sed ; t he first fi gure is t hat amount of a certain antitoxin "·hich 
did not neutrali ze t he ]~·sin con tainerl in this amount of toxin and the 
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steconJ figur e is l ha t mn ouH l \Y hicl1 did n eu tralize it; t h e :Dl .H .D . and 
Lh ti t ra iiou:; "·e re cani ed out at 100 pe r ce nt. lim its; th e :Jl.H .D . 
\Ya s take n a s that :nuount 11·h ic-h prot1uc(' <1 :1 ·· pa rtinl " m· ·· large 
t r:1 ce " ltaem olysis) . 

lL 11·ill be notic-ed t-lwl. ue itil er t h e orig inal pulpetl nor 
t il e preci pitat ed filtr:1l es of Cl. clw uroci a r e m arkedly \wemo
hhc. from 0·020 c.<·. to l·() <·. e. bein g reqnir erl to ca usP 
J~:u·tial ly:;i,; o f s ltPep red <· P1ls . F mther , la rg e a lll o nn ts of 
antitoxin are required t o Jn·od uce n eu tralization , lll ltch more 
th:111 11as nec<•ssm·y to ne utralize th a t portio n of t he toxi n 
causin g .,; \;i H l'Pad ion,; . l >'o r exm nplr, 0 ·008 c- .<·. of :1 c-ertai n anti
lox in (3S2J :!) " as rog11 i re <1 to nc> nt ralizl' a lest do.~P (0 · 1 c.<·. ~~ 10 
:Jf.H.l). ) of st ra in L Jll'P<·ipita b-'<11.oxi n , " · il e1·eas 0·1 <·. c . \\·as nece,;sary 
for o- r~ c .<· .('> jJ.H.D. ) iu the il:~t·nJO lyti <· test . 'l'h e se m of J iffer en t 
nninw.ls ( no t lllllllllui:~.ed :1g:1 in sl C1. r·lirw ror£) h ad a definile uentra
l iz1ng po11·er. Til e se ra of norma l ho rses, r a t tl e, sl1l'ep , g oats, Tab bib 
:lnd g·uiJW<l-]Jlgs in <I <lost-• of O·l (' ,(".could )I PHtr:dizP f) to JO nf. H. D . 
ol Ti tox in. Th e inllil ·ati on~ \\'P IP t lw t !'utile an d g·u iu Pa-p ig se ra 
\\t•re poorer in lbi::; re~per-t th an i ho~e of t h e hor~e . N o i n dicatlou 
"·a s got tha L t il e anti tox ins of Cl. 1cefcftii , 'l'y pPs A, l3 or ]) , 
oed cmut u' tiS, scu t inu n , tetunt (all m a tl P i n horsP.'i ) , h istol_~;tic'um 
(l':lblJil ) or botullnvm , Type,.; r\ , n, C, a n<l ] ) (goats) ('Oltl<Jille<l m ore 
an tihaemoh·s in t han th e ~era of the JI OJ'II ia l anim:1b i n " ·h i<'h theY 
\H'l'e ma<l P·. L <il er it " ·ill h e sh mnt tha t f e\\· non n a l sen1 h ave ; 
neuh:1lizing- pfted 0 11 th e skin-readin g pmduct of Cl. chuu1;oei toxin. 
Thus. it is n· nsoHahh· <·Pr1a i n lh al th e h sin an<1 t h v tox in arP se ro-
logiea lly <list inc1 . · · 

lt is possi bl e 111<11 culture Jll erlium pla ys a lng· par t 111 1.\-sln 
formation. Th is nwy explain t he ;-;t.ron ge r In :dP rial oh tain P<l b.v 
K o.iillla (19:2:1) <lll<l K e rrin (HH-±) . H o\\·eYer, usi ng llm · tle~·'s a n d 
Pope's digest m Prli<l, strong· h ,;i n s 11·e re not oh t:1ined l1.\ lh P writer . 

(4) ' · A r;vt·ps .<irr" J ciulll of To.rin . 

On su h<·utan eou s inj er- l ion of th e tox in it1to g·ui nea - pig-s OJ' sheep, 
an nppearanee similar to i hat r ause <1 h v eulh tre, lmt \\·i thou t g·as 
forma tion , \\ :IS produced. \Y ithout recm1 rsp to sm ear exa111in atton 
a n<l l'llllure, it \\ OUld b e lliffil'u ll to rl is tiu g-uis il tht· OIH' <·on<l it iotl from 
tht· ot her. \ Vi lh OJI(' toxin (;'l7 P ) th e .J[. lt.J). of ,,·h i< h 11 · a ~ 0 ·01 r·.<·., 
O· G c-.c. prorlu<"e<l rlealh in :1 g u i11 e:1-p ig- in ft-otn :{(j lo -1-R l10u r~ . ,,-[1\i :1 

dark rc·d oerlemn -from tl1 e s1Prll11lll io 1l1 e pub is . 

The e:s:p p1·iment l'P<·cml ed in t able 4 sho\YS tha i the t o.'; Jll \nts 
able to ad.ivate spon"s. A rl-tby -ol rl tnea t-broth l'nl1 ure of s t rain G4 
was spun , U1 e ba<"illary <l eposi l \\·as lw<1 t \Y ir·e in saliJI P and ihen after 
r econshtnhon i ll saline to on e qu;nh•r of t h e original Ynlum <' ,,·as 
h ea tecl at G0° C. for h alf-an-hour . T o d iffer <' llt amount s of l itis 
sus pen sion , toxi n 1'>a s rulde<l , t he t ohl yo]u m e nJa <le u p io 2 ·0 <".<". 
IYi th salin e and in.ied ed intramuscularly in t o g-uinea-pi g-s a nd shee]J. 
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'L\TILE 4. 

The A cti'vattn!J F ou·er of To,xin on lVashed and Heated (60° C.) 
0 1. eh auvoei S.pures. Mi:cture Injected -i.m. ,,;nto Thi.r;h . 

Anima l. 
Spore Toxin 

suspension (c.c.). 
Result. 

(c.c. ). 

G.P .1 ....... . . . ..... . . . ... .. . .. . . . .. . .. .. . 1 0 ~one Nil. 
G.P . 2 ... . .... . ....... . .. . . . .... . . . . . .. . .. . 0·5 0 1 L .L . I 

G .P . 3 .... . . . ............ . ..... . . . ... . . . . . . 0·5 0·:25 T oj n. 
G.P.4 ..... . ............. . ...... . . ... . .. .. . 0 ·25 0 25 + 2 d. 
G .P. 5 ... .. .......... . ....... .. . ......•.. • . 0·25 0 l + 1 d. 
G.P.6 .............. . . .. . . . . .... . . . . ... ... . None 0·25 L .L.1 
G.P. 7 . ............. . . . . . ..... .. . . ... . .... . None 0 ·1 Nil. 

0 ·5 0 ·01 + oj n. 
0 ·5 0 05 + 1 d. 
l 0 NonP. Nil. 
~011<". 0 ·;) L .L. I 

0 5 1 0 L. I 

0 5 0·5 Sl.L . I 

Sheep 1 (37518) .......... . . .... . . . . . . . ... .. . 
Sheep 2 (34477) ....... .. .. . . ... . . .. . . . ... .. . 
Sheep 3 (39745) . . ..... .. . .... . .. . . . ... . . 
Sheep 4 (40751) . .. , .. . .. .. ... ... . . .. . . . . 
S heep 5 (40390)... ... . . . .... . .... . 
Sheep 6 (40492) .. ... . ... . .... . . . . . . . 

(G.P. =guinea pig; + = died; /=lived; oj n=o1·crnight; d=rlay(s ) ; nil=no re
a ction ; L = la m e; Sl.L.=slightly lame; L.L.=lame, leg swollen and skin red. Sheep 
1. 2, 3 and 4 were norma l ; sheep 5 and 6 were immune. ) 

'l'he fact t hat immu nized sheep (Nos. 5 anll G} \';ere able t o with
stand much larger doses of toxin than normal sheep (:Nos. 1 to 4) 
suggested a method of t esting the immunity produced in sheep treated 
with anacult ure. T oxin and a spore suspension were prepared and 
the smallest acti Yatiug close of toxin was ascertainec1 in sh eep and 
guinea-pigs. B et\\·een tests the spore susp ension was helc1 at a bout 
2° C. Unfortunately the suspension deteriorated rapidl y and one 
m on t h a fter prepal'a tiuh about ten times more than \Yas u sed i u th e 
first test " ·as required (plus the original minimum activating close of 
toxin) to cau se the death of the experimental animal. As will be 
shown later , the dry toxin is st able for a t least one year at room 
tempera ture. 

'l'nE SPECI FICITY OF TITE ToxJ.\'. 

When methods had been devised for producing toxin regularly 
and for t itr ating it r easoua bly accurately, eYery hatch made was 
titratecl against an immune sheep's serum and the sera of one or more 
normal sh eep. 1'his inYolved the conducting of an Lr t est (5 to 10 
M.Jt.D. were tit rat ed in traclermically against decreasing amounts of 
antitoxin) and t he dem onstration that 0·1 c.c. of normal serum '"as 
incapa ble of neutralizin g 1 to 2 NI.R.D. Table 5 records the results 
of a Reries of M.H .D. an d L r tests with toxin 07 Land antitoxir1 ;~8:21~ . 
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TABLE 5. 

Th e Accumcy uf the Jf .R.D. and l~1' T ests (Totu·,:n 37 L). 

Dose (c.c .). 

M.R .D. 

Number 
of 

tests. 

0 ·0025 .. .. ... . . ..... . . . .. . . ..... . .. . . . 6 
0 ·006.. . ... . . . . . . . . . . . .... .. . ... . . . .. . G 
0 ·01. . . ... . . .. . . . . . . . . . .. . .. .. 12 
0 ·016 . . . . .. . . ... . .... . .. . . . ... 6 
0· 02 . ..... ...... . . . .. . . ... . ... G 

Dose Ant itoxin (c: .c.). 

0 ·002.). .. ... ... .. I 
0 ·003 ... . 
0 ·003;3 . . . . . .. . . . . . . . ... . . . . 
0· 004 .. . .. . .. . . . . . . . . . . .. . . 
0 0045 . . . 
0 ·005 .. .. .. . . . . . .. . . . 

LR. 

(Test dose toxin = O l c.c.) 

N umber 
of 

tests . 

2 
3 
4 
4 
4 
3 

+ 
:2 
3 
2 
0 
0 
0 

+ 
0 
2 
9 
5 
G 

± 

0 
0 
0 
0 
0 
0 

Results. 

::!._ 

J 
:3 
3 
1 
0 

Result. 

t r. 

0 
0 
2 
1 
0 
0 

f) 
1 
0 
0 
0 

0 
0 
0 
:3 
4 
3 

(The tox in was dissolved in 1: 100 adrenalin-saline (100 m~. in J 0 c.c.); ..L , J:: 
~tc.=degrecs of rcar:tion ; .n•aclings taken after 24 hours.) 

T h e r esults just giYeu sh ow that CZ. chauuue·i toxin and ant itoxin 
may be t it r ated with a considerable flegTee of accuracy by t h e guinea
I1 ig intr a dermic method and in the "·riter's opinion the accuracy com 
pares favo urably "·ith t h e intrarlermic titration of the toxins a n<l 
an titoxins of Cl. welchii, T ype B and of Cl . sept·icum. F u rther, 
1·esults, almost supeTimposable on t h ose in t a btle 5 (but wi th differ en t 
dosage) coul d be tabulated for at least 5 ot her lmms of toxin . 

T he results obta ined in titrating 1 M.R.D. (0·01 c.c.) of ;n L 
toxin ag-ainst 0 · 1 <·.c . of normal sera and aga inst i1le antitoxins of 
oth er s porulating a naerobes may he Rummariserl a~ follows: ~The 
:;era of t h e following normal animals had no u euhali11iug effect~ 
4 h on;es, 10 sheep, 10 guinea-pigs, a nd 4 g-oats. 'J'lw "enn n of a 
t wo-month,;-old en lf and of b1·o one-year-old bu llor.ks was " ·ithout 
effect bu t t hat of n 2-ve:n'-ol d bovin e n eutral ized 4 hut not (j M: .R.D. 
O n P norma l ra bb it's sern m rt>duced greatly the r eaction prod tH·ed hy 
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l.Jl.H.IJ. C~i n g- an other toxin (:Hi .Jl.H. D. = O·(IJ;J) t h e~e n?sn lh \\'Pre 
obtained \\'it h 4 otl1 e r rabbits . 'l' l1e serum of rahhi t ( l ) nPn(ndi~ed 1 
to l t :\[.H .n ., th at ,>J rahhi t ( :2 ) :1 :\[ .]{.1) , thnt oi rabbit Cl):.! .Jl.RI>. 
<t JJ d tl1a t of r abbit (-!) r, to (i :JI.H. Jl. Th e follo,Ying- ant itoxi ns, 
p rPparP<l in h rll'.,es, rabb its a nd goab ha<l uo neu tr;lli~ i ng· Jlm\·er
CZ . welchii , T y pe:> . \ , B <J n d ]) , ocdenwLien:;, histolytu;u lll , t eluni and 
hot?tlinmn, 'l' ~· pes } ... B, C a nd ]). ll is interesting, in Yie\\' of t he 
r es ul ts ju s t gi \·Pu fur normal rahh it senu n, (o note that the lll stol y
linon anti tox in was ]Jrepa red in a rnhhit. 'l' he n•sull ,; \';i th 
( '1 . . ,cplzcu m a ntitoxin \\·ill he dt>ult \\·ith :>ep:Hately, bel'nnse Jt \Y<b 
l'apah le of nen t r;d iz in g a co rJ,;ide rnh],. ;nnount of to" iu. 

'l'ft e Snolo,ljt!'id H l'ird iollsh ijl ol tlt r 'i'o ,ri11s l'rorluccrl lut Fou .· 
IJI.ff erpnf S t NIIt ls .- 'l'o'\ in :; \\'t'J'f' p·n·p;ned fn!lll st rains (;4 (-12), 
D (:ll L), L (4-l: a) and H II (.J.O) au!l a n tito'\in:; JJI< J<l e i r1 slH'<'P an cl 
g-oal s. ln lhe l'ase of (j.J toxi n , a sbeep reee ive<l first ana<·nlture, 
sul)('u(;Jll f'Oll :>l:v, tl1 r> n li\·iu g r ul t ttre intnJmtts<·uln rl :v, l'ollm\·Pd by 
<tn antll'ure in i rJcr easiJJ g- hi-\n>e kly <lo.-;Ps .and fi nall.\· a11 injection of 
<tl1out IUtJ fat; Ji doses of cul ture i ntr;Jmu ::;vuLnlY. T h<' o(h<·r anti
to:; in s \l·er<· lll ;.J de in go;th 1> .1· i nj ectir tg, s uhcut:mpously, innP<Js ing
doses of toxoirl (form ol-filtnd f') . I u table G, the ncu traliziup: dosPs 
of tlw an t itoxins ag ai nst tes t doses of tlw four ioxin s are recor<l erl. 

T.I Hl~E G . 

. \'el!tmli zutioll of Cl. chnuYoei T o.l'ins, madr fro111 Fo11 r 
,'\lt rl uls, li .ff A. n tit;onns J!repo rerl 111 ,'\ fii' I'J! r;nd ( :ools. 
pi,IJ 1'1! /u l(/ermir· Jletlwrl. ) 

/JifferPIIf 
(!,' 1/f/l('{l -

= ===- - - -- --

Str>tin. 

ll (:17 L) 
64 (42) 
L (44a) 
R 77 (40) 

--·-

Toxin. Antitoxin (c.P.) (n<'lltralizin.!! do~r ) . 

-1 T . D. l l. 

-------- - -- --

C . <" . 

<1 ·01 

I 
0·015- 0 0:2 
11·01 
il·OFi- 0 ·0:2 

I 

(· .e . 

0 1 
0 1 
0 l 
0 I 

() ·0:3 
() 008 
0·06 
() 01 :2 

I (I 

(i4 I,. 

() 00:15 0 008 
() 0012 0 00:3 
() 008 0·0:! 
() 001 :! 0·00:?5 

Rat ios. 

-1 - ., -1 
:!J 
·)I 
- 2 
·) 

I{ 77. 

0 I 
0·04 
0. ]() 
0·0:2 

(T . D. = test close. Toxin a nd antitox in mixed , ldt for Oil<' hollr and injcct<'d ; nn ti. 
t ox ill IPvcls Yar icd hv 20- :lO per cent.) 
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The results given in table G shmY that, no matter w hich toxin was 
used, t he antitox ins were placed in the same order of Yalue . It will 
be uotieed t hat the ratios for an titoxin Jl 77 Yarv somewhat. The 
possibility exists that this antitox in wa,; very ;,ton-avid, as sonHe 
difficulty \Yas experien cell in obtaining a sh arp end point. A spla.\· 
of ± or trace reaehons from 0 · 01 c.c. to 0 · 02 c.c. was often got , 
indicatiug a loose u nnbiuation of toxin and ant ibody. 

U nder appropr iate headings, results will be presented showing 
th at the injection into guinea-pigs or sheep of filtrate or formal
filtrate ren dered them r efractory to the intravenous and int radermic 
a c1ministration of tox in or the intramuscular inoculation of liYing 
cu lture and that the serum of su ch animals conta ined neutralizing 
antiboc1ies . The abi lit y of the serum of a bovine of over 
t"·o years of age and of rabbits to n eutralize 1 to (j ~LR.J) . of t oxin 
is in aceon l " ·ith th e known insu sceptibility of these animals to the 
natural disease (bovines) or to the inoculation of li. ving culture (rabbit) . 
However , it is r ecognise<! that th e presence of antitoxin in t he blood 
m ay not be t he only faeto r in operation . The horse is relatively insu s
ceptible t o blaek quarter, yet. the sera of a number of norm al hor ses 
and of horses immu nized against the toxins of other anaerobes h ad 
no n en tralizing proper t ies. Again, as will be shmYn later, a sb eep 
nwJ' he re1Hlered hig hly immune to cultu re (and probably t o the 
n a tural cl1sease) IYithou t t here being cl emoustruble antitoxin in the 
blood stream . · 

Thus, on e may conelu c1e that the presen ce of Cl . chau?Joe'i aiJti

t oxin in t he bloo<l of au animal is u sually a strong indication of a 
stinmlu ,; wi th t he cor resvonding toxin (the wonl " usually " is pur
poEely ewp loyed, a;; it is diffienlt to coneeive of r abbits and nul 
g uinea-pigs r ece i,·ing t h e ,;timulus). Furt her, the toxins of hm 
Sout h A fri ean, one European and one Rhodesian stra in of Cl. 
cltmt roe £ are serologically indi stingu ishable. 

Flocculation.- A n umber of attempts to ti trat e toxin and anti
tox in by R amon's ( 1922) m etho<l faile(1. A fter estc'tblishin g t h e 
neutral point i nt radermically in guinea-pigs, a test IYas pu t up using 
1 · 0 c. c. of toxin a nd amounts of ant i t ox in vary ing from 100 per 
<:ent. more t han to 100 per cent. less t han the determined neutralizing· 
dose. T he mixt ures, at p H 7 ·0, 7·4 and 7·8, were h eated at 37° C. 
and at 50° C. r espectively for 5 hours and then left for 18 to 48 
hour s at 10° C. Ko fl oc;eulRtion visible through a x 8 hand lens was 
discernibl e . · 

THE STABIL I 'l'Y oF THE ToxrN. 

Dry toxins h ave retained their original Yalues (M .R.D. and Lr) 
for at least two yea rs . H mYever , in the dissohed state , the p recipi 
tated toxins appear t o be no more s table t han the liqui(l filt rates. 
In Tahle 7 , the effects on tox ieity of h eating pnlped filtra te pH 6· 0 
(Stra in 64, toxin 47) and of :1llowing it to st:1 ncl for clifft-r ent periods 
at ;) O C. \Yithout preserYa tiH~ are r ecorrlecl . 
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T ABLE 7. 

The E ffect of H eat and of S to?·age on Tox m (Toxin 47) . 

Orig inal. .. . . . . . . .... . . . . . .. .. ... . . . . . . . .. . ... . ... .. . . . . 
1 day 5° C . . ... . . . . . . .. . . ... .. ... . . . . . .. . . .. ..... . . . .. . . 
2 days 5° C .. . . . .. . .. ... ... .. • .. . . .. ....... . . .. .• . . . . . .. 
3 days 5° C . . ... .. . .. . . . . . .... . .. . .. . . . . .. . . .. .. ... ... . 
t hour 60° C .... . ... . . .. .. ........... . . . . . . . . .. .. . . . . .. . 
& hour 75° C . ... . . . . ... . ... . . . . .. . .. . . . ..... . . .. .. . ... . . 
J ho ur 95" C ...... ... . .... . . . . .. . . . .. . .. ... .. .. . . . . . . .. . 

M.RD. Lr. 

(c.c.). 
0 ·01;) 
0 ·025 
0 ·025 

? 0 ·025 
? 0 · 1 
> 0· 1 
>0·2 

le.c.) . 
>0·004 

0·002 
N.D. 
0·001 
0 0007 

<0·001 
<0·001 

(For th e Lr. t itrations, 0 2 c.c. of toxin was titra ted again st antitoxin, the levels of 
which d iffe red by 20- 30 per cen t . T he fig ures given under Lr= t he amounts of >L certain 
antitoxin req uired to neutra lize t he t est dose of t oxin.) 

The ret>u lt:; g iven in T able 7 show that t he toxin is t hermolabile 
and r esist s storage badly even at a low temperature an cl in sealed-off 
t ubes. This experiment was confirmed on many occasions when it 
\vas necessary to stor e toxin for 18 hours in case a r epeat test \Yas 
necessary. Ver_y often t he M. R .D. rose ancl t h e Lr fell several 
hunch ed per cent. in this sh ort time. 

PART II. 

THE PRODU CT I ON OF IMMUNITY. 

:PRODU CTION OF I MMUNITY " "ITH PRECIPITATED rl'OXTK . 

lt was anticipated that a rela tively small amount of precipitatefl 
toxin would produce immunity to t'he inocu lation of a lethal dose of 
virulent culture, because, if the immunity was broug ht abou t onl~· 
by the soluble toxin, then the inj ection of a fe,v milli grams of th e 
dry m aterial was equivaleiJt to t he administration of one to several 
cubic centimetres of th e liquid filtrate . H owever, as Henderson 
(1932) h as sh own in sm all anirn als and :Mason and Scheuber (J 906) 
in sh eep, immunity to culture floes not necessari ly depend entirely 
on th e presence of toxin or toxoid in th e vaccine iujecterl . Heat
killed bacilli ::. lon e produce a good immunity to cu ltu re . 

Thr ee sheep r eceived, subcuta neously, 0 ·01 c. (~ . , 0·1 c.c. an d 
1 ·0 c .c ., r espectively of a dissolved dry t oxin (" S.C ." M.R.D. = 
0·01 6 c .c. t o 0 ·02 c.c. ). Three weeks l ater, one did not wit'hstand 
1 ) '.L H..D. of culture, inoculated intramuscularly, t he second died 
from 21 M .L .D. and t he thirrl from 10 M.L .D . (Sh eep :l8807, 36R78 , 
36856, ancl control sheep 37583, 37105.) One (;a unot say, from this 
result , if any immunity a t all was produced , b11 t it is definitt> th at 
it was not of a h igh order. 
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l<\om u n u mLer of gui nea-]Jigs ,,·hich ha<l beeu 11 se<l fm t l1e 
intradermic t itration of to:-;in a nd antitoxiu , four 11·en~ set aside a ud 
t hree wee ks later, all 1>Pcei1·e<l, ~uLc 11laneousl.Y, U<i c. c. of a <hy 
toxin (" :2Ua " , ~ll.H.D . ~ U·U I c .c.). Sixteen dflyo> after this 
inj ediou 0·4 c .c . of cult u.re \Y fls inocu btecl intra muscula rly in to ull . 
'f luee su n·iYed , aucl one tlietl "·it'll in JG hou r s; uor m a l control guiJiea
pigs which 1·ecei 1·ed ()·J r:.c . , O·FJ c .c., 0· '2 c .c . and 0 ·4 c .c. of t h e 
;;;nu e culture <lied i11 from I . to :j cla y ~ . 

In <Iii intraYeuous ti t ra tioJJ, ,heejJ 4101() re~.;eiYe <l l· o gm . a u d 
sh ee p 41.) ;!0 :2 gm. of tox in 4U. U oth s m·yi v e u . J' rior to l be 
inj edioJJ , U·l <:.c. o.l ueith <·r :;e rum JlPutndizecl I :JI.H.D. of tox in 
J7 I 1. 'l' lu·ee \1 eeks later , -HOJ () r e~.;e i 1·ecl :l gm. lii los i n .JD iulra
,·enousl)· ; :1n d sun· iH·d. T11·o 11·ee ks Li ter , \J ·U'.! 1·.c. <Jt th l' ;;e lli ili 
of 4 1010 il e uh:dize<l lO :JLR.D. of :J7 L toxin a ud 0 ·1 c .c . of th at 
of 4 L,-J:HJ Hl }J .H.D . Bol li s un·iye d Ll1e i nlralll uscular iujediou of 
I () ~\J. L . JJ. of cultme . 

Thu~ . i t is sh cmn tha t l.' n .!cipita le<l toxin can st imu late l'he 
fonli<ili on of a n titoxin, and iu l:nge d oses can i ii iiinmi ;:e s ltl'f'll a ncl 
guim•:i-p ig s Dga in st euHure. 

l'noJ> L.cTJUs OF bDJTsJTY IIT111 HolnJouz~-:u 1<'1 LT11Xr E. 

lt i ::; ,,·ell kuo11n t ha t fi ltrate or fOJ,LlOl-fi l trai,• is :1 sai i ;;
factor\· antige n . The liter<~ t u re hear~ IYitn P,-;s th at gUl lit·:t 
pigs, sheep a nd cDttle ma.\· b e sol ir1ly immunize cl agaiJJ sl c u lture or 
t he JJ:dmal <lisPase b.\ thP inject ion of the on e m lh e other of these 
an t ig<'us . '!'hen'rm·e. no good pu1·po:;e ,,·otdd be sPrYetl by pre~enti ng 
dab on thi:i p oi 1i l. JlmYPI· <' r , i'IH· 1·e.-; ul b gi1·en in Tahle 8 1lo proYe 
that. s hee p 11·hieh hu1·e r eceiYed fonnol-fi l Lrate deYel op c irc ulati n g 
:ullito:-;iJJ , rPsi s t th e inj .,.cli o n of c1ll t un• and d o n ot rea<.;( \\·h e n tos i11 
i.-; in.i<-'c ted in ( J ·ader nti<·:~lh. Str :~ in U.J. ,,.,l .s gorm1· n for Hl ho1u·,; in 
m eat brot h plus g·uint•:l- pi g l iYe r es tr:H· t and pnlJH' <l. 'J'o t h l' fi l trate 
at 11 i l 7·,1. c'llO ll ) .. di fornwlin 11·as :Hi rlt'd t0 lll <ike :1 l)·:l f'l'r l'Piil. CO JI
centraiioll and th e 1rhole i ;1cuhat ed :d ;)7 ° C. lor .:J.,') bo u r;;. 'J'hP 
dPbils of tlir esp<-·rint<'nt <II'<' recordrrl i11 TahiP X. 

Jl IYi l l b e ohsr ne<l t hat no sh eP p ha d d emo m;lrahi<' c i rculall ll g' 
antitox in pri or to thP injPdion of llw an ti .!..! Pll h n t t hat 0 ·1 c.c . of 
sertllii " ·Ds able to ne u tra[i,.;e h om 2 to more t hm1 G M.R. JJ. of a 
CPrtai n to:-;in en L ) in hmn 13 lo 20 da~-s a fter th P SP('()Il (l inj ecli oll 
of formal-toxoid. The :Jl.lLD . test 11·Ds n ot carrie<l out prior to 
imm 11 nizat ion h 11 t r·ef\ll l t s in mnn.1· ot h er n ormal sh eep sh o" ·e<l t hat 
onh a Yl'J 1 oc<·fhinnn l on e \nts :1hl e to ,,.ifh -;tnnd ] .M.H .D. Tt ,,·i ll 
be .seen t I; a t fl 11 8 s heep t est ed d id n ot r ea ct io th e injection of 
2 M: .ll .D. of tox in. T hr ee of fo ur sh eep r es isted l )LL.D. (i.v.) of 
toxin and t \YO sho\Ye(l onh· min imal 1·eactions after receiYing 10 
M:.L.D . of cult ure intrmmtscularly . 
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'l'Al lf.E S. 
l nwwn·ization of S heezJ with Fonnol-totcoid (F ornwl-fi l trate). :iheezJ 

received 5 c .c . on 12.2.25 and ] 0 c .c. on 5.3 .:35 (E a-perim.cnt 48). 
- --

K umbcr Number 

~l.R .D. Number ~LL.D. M.L.D. 
N umber M.R.D. toxin neutra!izccl tox in (i. v .) t oxin with~tood (i.m. ) 

by 0· 1 c .c . sennn. withstood hy sh l'ep. culture 
S heep. by shee-p . 

withstood 
by s heep. 

ll / 2/ il5. 
I 

l 8/ 3/ 3ii. 
I 

27/ 3/ 35. 
I 

:~0/3/35 . 27 / 3j:{i) . 28j :3 j 3fi. I :lOj:l/ 3:>. :ll/ 3/ 35. 

--- -- -

39777 < I > fl > ~ at lenKt I 
39782 < 1 :l- 4 > ~ < 1''' 
4009R < l 2- 0 > 10 
40701 < I 3- :) 1-~ at lea't I 
40899 < I 2- 5 
409:3 .~ < I 2-f) > lO 
40941 < l 2- G 
4 1003 < l 4 - :) > ~ at lcaBt l 
4106:) < I > (1 > ~ 
4 1082 < I > 6 -· ) 

---- -41522 < I 3- G > 2 
41:)82 < I > 6 

I 
- ·> 

I 
/ -

I 

* This sheep was a live and wel l at t he 30th hour after injection, wh en it suddenly stm·tcd t o blow. 
to d ie in 6 hours . At p ost-mortem , t he lungs were oedematous with a bloody effu sion in t he pleura 
cavity. 

These r esults p row tha t t l1e injection of formol-loxoid sti mulate:; 
t he forma tion of anti toxi n , res nlhng- in the sh eep bein g- able to 
wit hstand t oxin admi ui:;tered in tr.adermically o1· intravenously. 
Furt h er , ;:; uch sh eep resist culture, inoculated intra nw:scnlarly . The 
results of so me do:.~en s of tests 'haTe sh o" ·n t hat the presence in 
0 ·1 c.c. of serum of sufficien t an titoxin to neu trali;,e <1 J to 2 M .lLD. 
of 37 L toxin will 1·entl er a ~ heep insu sceptible to th e ncln1inistrat ion 
of 1 to 10 ~LL.D. of cultu re . HoiYever , a~ result:; \\'ill prese ntly 
be pre:-;ented fihowing- t hat. sheep Dl<l.y be solidly immunized against 
cult ur e .an d _yet haYe no (' irculat in g- an titoxin ( inJmuni~atio n with 
boiled bacill i), one ca mwt he cer! a in that t heir hi g-h cleg-reP of 
immuni ty to cultu re i,; J I Pce~K<Hi l~- de pend ent on th e antitoxin. 

PltODUCT IO~ OJ-" I:, t ~r t - :\ITY 1\lTII \\' .-l sHE tl Ho1t.1·:n B .-I Clt.J. I. 

T his experi1ne n t 11·as on p of t he la ~t to hP carriPd out, but i:-; 
inser te!l at t l1is poi nt :so t hut t hP sect- ion 011 l'hP tit raiion of loxoid s 
by t he total-an t itox in -cOJ nbining--power test 1nay be ma de clearer . 
Several worker s, Robe rtson .and Felix (1930), Uree n ( 192B) , bu t. in 
particctlar H enderson (1902 , 19:33 , 1934), h ave s lwwn t hat mi ce, 
g-uinea-pig-s and sh eep ma_v be immunized against Cl . chmwoe1: baeilli 
and / or spores by th e subcu taneous inj ecti on of the kill ed or g-aniRm s. 
Hencler soH tested th e immuu ih- of hi s imnmnizPcl mice and o·ui n ea
p ig-s by inj ectin g washed spdres .a ctlYalecl wit h cakium r.l7loricle . 
r~e <t SO ili llg- Oil hypo lh etiC<ll gTO U!l cl~, the 11·ri te1· C'O II Sider ed t hat t he 
immunity producecl by t oxiu-(ag-gressin) frep k illecl g erllls wonlcl h e 
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broken <lown with cul t ure. \\'hen uct i,-a t ecl spures are used 
for test purposes the a nt ibodies t o t h e baderia would be 
suffi cient to J estroy most of t he ,;p or e.-; (or t he Yeget a l ive form~ 
resulting therefrom) hut 11·h en cult u re is inoeula ted , t. be bac
len<~ could t·ontinue lo nttdti ply und er t he act i,-a lin g i nH uence 
of the toxin , aga in st which no anti toxin is available . A s reported 
by Mason and Scheuber ( 19 ~lG) te,; t~ iu sheep showed t hat t'h e inj ec tion 
of ki lleJ, washe<l bacilli produced a powerful i mm unit.y agains t 
cult u re, but only when a dense ~ li SlJeu sion of su ch bac illi " ·as g iven. 
Usually h·O c .<:. of for moli;r.ed-11· hole culture, in j eci ed s1tbcut.a neously, 
is suff1 cient to inJJnuni;r.e a sh eep aga inst 1 to 20 ~I.L .D. of c11 lture; 
the i nj ection of th e 'vash etl boiled g erms of !') · () <:.c . of e ullure <1 id 
not immt111ize against 1 sure ~LL .D. 

The experimen t, th e result ,; of \\·h ich are recorded in 'f able 9, 
was eoncluctetl along wit h that noted under " t h e prod uction of 
tlllmunity wi t h fonnolizecl-filtra te" (T alJle 8) . Str ain G4 wa s g rown 
in th e same lot of medium a n ll und er t h e sam e eonditions as no ted , 
and t he b acilli hom 0 litrec; IYere >Ya ~he <l :3 t imes in di stilled water , 
boile<l for 2 h ours ancl e noug·h XnCl adcl t- cl t o ma ke a 0· 8;) p er cen t. 
coucAntra tion . Th e op.aeity of t he su spension <:on esponded to t ube 9 
of a. Hunnug ]Js, \Vellcolll e and Cout]J<llly ',.; nepb elometel'. The detail;; 
of t he iJJjections and lest ,; are reeordecl in T ahle 9 , and sh oul<l he 
com pa rerl 11·it h those giYell in 'J':1hlP R. 

TAuLJc 9 . 

lmmv.n'izal;lo l! of S heezJ 'll'l t/, !V ush erl , /Jailed B u c/ /1, . S h eeJ' Tcr;e,uerl 

10 r:.r·. 011 12.2.:);) !!li d '!() r·.r·. Oil ;) .:3. :30 ( E.DJWr/ lll r: llt 41'\ ) . 

i Nu mber i N 11 m ber 
"\ftnn bc-r l\I.L. ll. lli.L .D. 

~umber M.R.D. toxin neut ra lizcrl :\L R D . (i. \ . ) tox in withst ood (i .m. ) of toxin by O·l<·.c. S<' I' IITI1 . wit hstood by sheep. cu lt ure 
Sheep. by sheep. wi t hstood 

by sheep. 

11/~ :35. 

I 
lS,':l 13 ;"\. 

I 
27 ':l 35. 

I 
:30, :l; 35. :!0 :l :3'i . 28 ':l / ;3;1 , 

I 
3/ 4/ 35. 28/ 3/ 35. 

----· 

:!4301 < I < I I < l 
:!0741 < I < l -10 
:!0761 < I < I < I 
:19748 < I < I 10 
4068 1 < l < I 
40684 < I < I : rni :-: :-; 1.* 
407 lJ < I < l < I 
4-0951 < l < l < l 
4095:2 < l < I 1 not 1 ~ < I 
41018 

I 
< l < l 

4 l070 < l < 1 ...-:: 1 
41110 < l < l < 1 < l 

- - -
* [tis doubtfu l if t his sheep received n full dose . [t surviw d , afte r t he injection of ' J l\1.L.n. 

459 



'I' ll I·: T O XIX 01' " CT.. CILICVOE1 ". 

'l'lt1· r e:-; ults are qlllte different from those reconled in 'l'ablt• 8. 
Althoug-h the sheep were immu ne !o t hP intram uscular inoc ulation 
of li1·ing- culture, no anh-to.--;in \Yas prese nt i n the bloo1l mtd Lhe s heep 
1lid uot r esis t the intradertu il' o1· intn11·eJt Olb injel'tion of tosin . 
'l'h u ~ it is obviou s that inm nm it .1· to cullm·p (a nd ntosl ]Jrobah]_,. to 
t hP 11 a 1 11 rn l disease) is 11 ot 11 ee:Ps . ..;ari 1.1· tl cpen deu 1 o 11 Uw prPseu('P of 
t·i r l' ul ating- :mii!o:s:in . f n th e t11·o foreg'oing ex per int entfi , on ly two 
,.;hPI'P it t P:t('h group 11·ere lhted \Yith l'nlturc . H O II'E'Y P l' , hun (hPrls 
ot l·xuntple;; coulrl he giYen of ihP ah ilit.~· of one inj ection of formol
fil!ratP to i tttlll1ll ti :tP aguin:<! I to -1:0 ~[. L.D. of ('JLltl tre and :;u{fic·ien! 
!latu \I' ('I'P g·in-' n in !lw pH]>!'!' 1,_,. :Jl:tson and Sf'heu hPr to sho11· thai 
n s in g·]p s timulus 11·ith ho ilPd h:t('illi prorlur·Ps solid imtuunit.l·. 
Ful'!lwr, in t lwsp t•xpl'rinl!'n l':i thP rea dion of all -J. s hc•ep to tlu· 
:ll l ntinis tra! ion of 10 :JI.L.D . 11·:1s ltt inimal. ::'lorlll:t l ('nnirol shPep 
WPn• ine·llllkd in e:wh intmu nih· \Pst. 'l' h (• .\I.L.U. toxin (i .Y. ) !Psi 
11·as not absolut e ly sati sfne·tor)·. ThP ldhal dosP of thr toxi n (48) 
nsc-•d ll':ts ·l ·i't g nt. , a ne1 from !h e• '.'.'"idom;; sh01n1 <Jlntost inm1 Pelin tel:: 
hy nt os t s he•cp, it 11·ould :1ppc:11· that t·he• tosin t·onbin e•d a c·on,;i dPr
:tltl i• n tnoun t of non-s pPI' ifir· 111 :1\ eri:d. TlH•re 11'01tld :lppear to he 
tLO t'P:I:iO!I 11·h_1' th e· furtht·r pur ifi l':t!iun of t lH· lll:\ill shottld not 
elint inn1P th e :tp]JP:II·anr·e of t lt r~f' l':nh· ~nnldoms . 

TJ t 'l':thlP 10 :ti'P I'P(' Ol'liecl ~omr • furtlH•r tP~t' 0 11 tlt e · • l){)i l Pel 
h:tl'i lli ·· sheep . 

J'.IIIU: 10. 

lJerelOJJinCIIt of A nt ito.rin in . anrl R c.•i.,fntiCC to T o.rin I1.1J S!Jrefl 
First 'l'1'en Lcrl 'tritl1 Boiled lJacilli ( 12.:2 :}) nnd :J.:) .:l:') ) 11 11tl tl1e71 

it/1 ( 'u ltllll' (t .II I . J 11 1' T /J ./'1!1 (i.i . \ 

:!S :l . :;:; 

Sht><'P· I 

Pl'ev ious trC'atlll<'llt. 

::? ., ·n I 
.;- ·.; .~ :!:? . :!. :3.) 

~-.:::._ 1 __ -
:{!)i7H \' i I {) :; ;:_!. Ill. 

Ul to.\jn 
1. \' . 

-· 
:;'11·11 ~ LO \I. L. ll . 

"' c·11 lt11n' 
H i.lll. 

:{!17-Pl ·- LO \I. L. ll. 
.,_ (· 11l tu rc 
"' i.m. -:{!17lil '<j 

::? 

-:J 40!)51 ~ 
c 
~ 

I :w 

I gn1 . 
-IR toxi n 

1.\", 

I p.m. 
~s toxin 

i , \' , 

4GO 

\'o . C\1 ILIJ. tox in 
neut raliz<·d bv 
n · I c.c. :-;pnnlL 

1.). ~. :;.; 

I~ 

I 
I 
\' o . :\Lil.Tl . 

t OX lll 

"itll't ood 
hv ' h""P· 
1.). -1. :;.; 
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A s would b e expected , the in Lra Y('llO Ul:i i11 j ection oJ: tox i 11 stinm
lat ecl the forma tion of antitoxin . It i :; r emarkable thal sh eep :J!:J74l , 
,,·hi ch receiYecl culture, intramu:;c ula rly , r espollllt>tl ::>0 \1 tdl , 0 · 020 c .c. 
of i t s ReruJJJ nt> tilrali~ing ltl .JI.lLD . of :l7 L tox in ( t•n cl point not 
reach ed ) . 

PH O Dl" CT I Ol\ 01-' bDIL'SITY .t G A JS S T Cl. clui'U/"0('1 \\TJ'li 

Cl . septic m n TOXOl D . 

l' ncler · · T l1P :;ppt· ific it_,. of t h e t os in it " ·,u.; ~tat ecl that 
Ct . :;e;Jtic u m a ntitoxin n euhali ~ed Cl . clw uroc1 toxi n . The relation 
ship of C'l. sepltl' llm and Ct . cllrw t·oei ba :; occasio ned discu :;;:;iOJI antl 
eYen contro 1 e r~ .'· ho n1 th e l i llie t h t>~- 11 e1e fi 1·:;t isola h·d 1ig ht t q ) t o 
t he pr<'::;e ut d a y . .Ji iha il t> ;:;co (J !):l.f) di ;:;cu ;:;~c,; tl1e li t er;dme :~nd t.h e 
pros 111/U I'OIIs Yt·r·,\· f ully . J.n th e \\Titer · ~ opin ion , <I con s itlerah le 
amoun t of lh t> t·urJ h r,; io n h ;1s b ee n ca u:;ed b~- \\·orke r ;; relyi ng 11 pu n 
mor plmlog ical and c u ltu r al c h ~! ra ctei·i s ti c:.; and J :~i lin g lo condu e t a 
t.oxin -Ju·o(lu ct ion tb l. Tlw :; up e rn a hm t f!ui (l m· fi l hai e of a 24 lo 
4S hours ' 111ei1t brot h culture ul CL. sej! t'lc u m v.· ill ki ll a nlo use in 
fro m J t o 2-± ho ur;:; nf ter t'bt• in t. raYen o11:; i n _j ectio1r of f r om 0 ·OJ c .c . 
to O·J c .c . Ko t·h a u Yoei filtra te of t he '1Hi1 P r '~ h;~ s hdwYed in t hi s 
way. F urth er , ;mel of g n •;Jt i rn v or b nce , s u t·h SP]It ic um t oxin i s 
s pecificall.' · ueu1rnl iza ule !,_,. t hP h o nw log·ous ;~n ti toxin , 11·h er ens 
ch auvoei an t i tox in h a c; n o el'tect o n it. .\ ~ "ill ])(' sh tJ\1 n shortly, t he 
reYerst~ does u ot 'hold goo1l . 

Ltecl ainche and V allee (19002
) fo nnd t l1 <1 t Cl . ,)uwroei an tiserum 

a clmiuistererl t o g uin ea-p igs 1lid n ot i JJ Jillllll ize ih em ag ai nst 
(:f. Si'/JfiCII J/1 I' UJt UI'l' <111d (]IO'P <ldi Yely i llllllU II ize ll <lg"<till,t 
Cl . cluwvocl w e re n o t res is t ;< n t io Cl. sep ticmn. T hey state t h a t 1h e 
nntiscntm (prot echYe a n d ;rgglu tinatiYe.) ol' each ger m is ri gor ou sly 
·' llecifil' . Go,;;; et al . (1 921) n otP t h ;li l' h<1llnJei ;111tise1 Ulll p rott•t· l s 
again st Cl . 1·haunJei hut n ol a g a in s t Cl . se; Jt/c/1111 nncl th a t c ha uvoei 
a g g lu t inating serum i s w i t h ou t f' fi ed 0 11 ;pptic u m h a c illi . Ba sset 
(1 92 -1) n oterl no cross immnn i t)~, and Oi n s ;~ ncl H ussei n (1927 , l 9:!R) 
coul(l n ot d emo nstrnte er os:; ngg lu t i n<t 1ion. \YPinber g· antl 'his t·o-
" ·or\;!' rs (\Yt> inhPI Q' <ln cl ~l i h ;~i ] t>,; l' n 19:2H, \\'i'i nlw rg, l);l \·p:;nP , 
Milhn. il eseo and Snnl'hez, 1929 , \ Y e i1 rh el'g a n(l Dawsne . 1935 ', 2

) 

m ni n tai n t h;l t Ct. cluw roei a n d sep tiC/1111 an· allird m ino-o rg·;ul is lll;:;. 
They S<l,l' ih at· (,' t. cl/(/ u roei p rollul'es Y;J r ia n ls and po;.;.s!'sses r l' (:ep tor .~ 
i n co mmo n "·it-h Cl . sl ' jilicum . An t i-se pti l'llill SP nlm nP<Hly ah1·a.1 S 
n eu t nd izes Cl . ,),ouroei an (l alt hon g h n J Pl atiYP]_,. Ln ge Yolume is 
n ecessa r y, l h is i,.; u s ually l ess t ha n f or non n a l :.;er u111. F ur l'her, 
t h ey s tate , then· i s n eorrebtion b e h 1een lh e a m oun t uf 1'11auYoei 
a n titoxin i n sep i in 1m :m ti sPnlm n.n tl t h t> ]IO\\'er of th is t o ll(' ll tra li ze 
eh auvopi C1JlturP. A lso , th ey n ot·e (l cross (·ompl em Pnt fixnii on 
b ehYPP il th e t ' "o ger m s . 

E x perim ents tc ilh Cl. ~e p 1 ic um antito.n·n . 

Us ing <:hauraei t" xin 27. it was l iw nd t ?ta t (1 ·1 t o O· l u c:.c . o f u 
eed a in septicum nn ti t oxiu (G·.G . 27F)G, prPpnred i n u h orsP at ih P 
\Yellrome L a b orntori es) n eu ira li zP<l 10 .JI.R. D . A gon t (304!11) 11'<1' 
im m uni zerl a t Oruler si e11oor l by in j ec t in g sPptic nnl n nnc11llnre sn h
c uta n eou sl:'i· oYer a p er iocl of hTo and a h a lf m on t h s, u si ng- t h e sn m e 
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strain of Cl . septic·u rn (K .F. ) as was employed to prepare G.G. 2756. 
Between 0 ·15 c.c. and 0 · 2 c.c. of this animal's serum neutralized 
10 :M.R .D. of chau voei toxin 27. About 15 mouse (i .v.) 
~LL.D . of a certain sept icum toxin (Batch E) was neutralized 
by bet \Yeen 0·005 c.c. and 0 ·01 e.c. of each of these sera. A rathe1· 
low value septicum antitoxin prepared in a gout by the writer's 
eolleague, Dr. Scheuber , " ·ith a loeal strai n (R 27) also neutralized 
27 toxin (0 ·1 c.c . neutmlized a to :) )i.R.D.) . On these results, an 
experiment was set up to ch eck the matter thoroughly. 

Stra in K .F. was " single-celled " twiee in the manner described 
by the \\Titer (198G"). The morphological , cultural and pathogenic 
properties of the r esultant culture were those given under " purity 
of cultures " . It was t hen grown for 36 hours in meat broth, plus 
serum, haemolysed cells and liver extract. After removal the meat 
particles, enough formalin was added to make a 0· 45 per cent. 
concent r ation, and then incubated for 48 hours at 37° C. The value 
of the toxin and the toxoirl (anaculture) was as follows: -

)LL.D. of tox in (mouse i.v.) = 0·005 c .c . to 0·01 c. e. 
111.L.D. of toxoid (mouse i.v. ) = >0 · 6 e.c. 
LY of toxin = 0·1 c .c . bound 0·01 c.c. of .antitoxin G.G. 2756. 
T otal antitoxin-binding value of toxoid = 0 ·1 c.c. bound 

0 ·0075 c.c . of antitoxin G.G. 2756. 

One certain fatal dose of the toxin (mouse i.v. ) was not 
neutralized by 0 · 1 c .c . of the antitoxins of Cl . welchii , histolyticum, 
oedemat1;en s, botu l·im tm (A , B , C and D ), smrlelli1; and cha1tvowi 
(serurn of sheep 37281) . 

E.tjJeli lltrll t ,:n .Sheep-(1) .- Eig-ht normal sheep were set aside 
and their sera t ested for neutralizing power against the above septi
cum. tox in anfl against ch auvoei toxin (37 L ). One M .I ... D. of 
septicum toxin and one M. R .D. of chauvoei toxin was n ot neutralized 
b.v 0 ·1 c.c . of the serum of any sheep . The an imals were then 
trea,t ecl as noted in T able II , which also giYes the results of various 
t ests . 

'l'he spore suspension was prepared from a Dorset's egg medium 
r;ulture as tlescri bed by Henderson (1932) . The adrenalin was usecl 
ns an activator of the spores because of the results obtained by the 
writer (19361

) wi th the spor es of Cl. welch11:, Type B. In the second 
test , the adrenalin 'vas omitted because i t was found that toxin , alone, 
was a su itable activator and did not introduce a non-specific factor. 

The results show that bYo subcutaneous injecti.ons of Cl. se]Jhcu m 
anacult ur e stimula ted t he formation of considerable amounts of 
septicum antitoxin and small amounts of ehauvoei antitoxin. After 
three injections, chauvoei antitoxin was demonstrable in the sera of 
all five sheep t ested. N o indication was got of a eorrelation between 
the amount of septicum and chauYoei antitoxins in t he various sheep. 
However, t here is t he clefinite indication that the amount of circu
lating chauvoei antitoxin bore a close r elation to the amount of toxin 
(con tained in the activated spore s uspension) tolerated by the sheep . 
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THE TOXI ~ OJ:' ' ' CL . CR.~ L"VOlcl ' ' . 

Sheep 40116, U ·1 c. c . of t he serum of which barely neuhalizPd 1 
.M:.H.D. of 37 L toxin succumbed to the injection of the spme sus
pension plus 10 mg. of toxin, whereas sheep 40390, 0 ·1 c .c. of the 
sen1m of ''"hich neutralir.ed a t least 10 U .ll.D. of 07 L toxin , ,,·i th
stooc-1 spore :>u spe nsion plu~ ]()() mg . of toxin . 

T .u3LE 11 (a). 

) ) ptoif .s of ih P lrn·rntwi ty T es t s (aya·inst Cl. chauYoei) noted ·in 
Table 11. 

Sheep. 

40308 . . . .. . .. .. ... ... . 
40439 ....... ' ...... . . . 
4046:!. . .... . ... . 

Controls . 
4045S . . ....... . . . 
404t3 ...... . . .. . 

394U .... . ........... . 
40116 .. . . . . ... ..... . . . 
40390 ....... . .. . 
404!\2 ..... . .... . 
405!\8 . ..... . . .. . 

Con t ro tH. 
34477 . ......... . 
37518 ..... . . . ........ . 
~9745 .... . . . . . ..... .. . 

Spore 
suspension. 

·0 c.c. 
·0 c.c. 
·0 c.c. 

0 C.f•. 

·0 C.<·. 

0 ·5 c.c. 
0 ·5 c.r . 
0 ·5 c .c . 
0 ·5 c.c. 
0 ·5 C.('. 

0 ·5 c.c. 
0 ·5 c.c. 
0 ·5 c.c. 

Adrena lin. 

ll / 9/ 34. 
0 · l c.c. 
0 ·l c.e. 
0 ·l C.c . 

0 ·1 c.c. 
0 ·l c.c . 

6/ 10/ 34. 

not. 

IISf'd. 

Clunn·o~i 
toxin (:n L \. 

·Om£. 
·0 mg. 
·Om:;. 

l ·Omg. 
l ·Omg. 

100 mg. 
10 mg. 

100 mg. 
50 mg: . 
50 mg. 

;) ·0 mg . 
1·0 ill" 

N il. c .. 

Result. 

-, oj n. _, 2+ h. 
-:-- :i6 h . 

+ o/ n. 
+ o/ n. 

L. 
+ :!6 h. 
L. 
L. 
L. 

T 24 h. 
+ o/ n. 
L. 

------------------~---------------------------------------------

E.c p en me1d ~· n ~'-i hee,_p (2) .--Twv sheep recei Yecl, ;; u hc·u taneousl y, 
in lh e course of six \Yeeks, 10 inj ections of a Cl . sezJtL c um (K .F .) 
anaculture. Prior to injection, 0 ·1 c.c. of t he serum of neither animal 
neutralized 1 M .L .D. of a dry septicum toxin or 1 nf.lt.D. of a dry 
chauvoei toxin (37 L) . At the end of the course of immunization, 
the following results were obtained: -

Se ptic um antitoxiu 

Chauvoe i anti t oxin 

R es is tance t o 
eu la tion of 
<"nlture .. . . . 

l.ill. lll ()

ehauvoei 

Sheep 37322. Sli eep 35540. 
0 ·015 c .c . and O·lll. c .c . to 0 ·015 c .c . 

of serum n e u t rali zed 20 ?.I.L.D. of a septicum 
toxi n (Batch E). 

0·02.5 c.e. to 0 ·05 c.c. and 0· 02,) c.c. to 0 ·05 c.f' . 
of scr 11 m neutralized i) l\f.R.D. of ill L tox i n. 

5 M.L.D. (0·i5 c.c.) .) 1VLL.D . (0 ·5 .:: .c.> 
liYed. lin d. 

Controb to culture : Norm al Sheep 33849 1 :\f.L.D. (0 ·1 c .c.) died 36 hours . 
Norm a l Sheep 37734 2~ l\'LL.D . (0·25 <; .c.) d ied 24 hours. 
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(As pointed out by Mason and Scheuber (193G), 0 · 1 e.c. of a11 
18 h.ours' meat-broth culture of Cl. chauv oei is usuallv an )LL. D . for 
a sheep .) · 

E rcperiment in S heep (a) .- T"·o sh eep 1·eceiYed 12 suhcuta ueou s 
injections of septicum anaculture (str ain R 27), at bi-\Yeekly inter
vals. .Prior to commencing immun iz:at ion, uo sep t i<:um or cbanvoPi 
:mtito:xin \HIS demon strable in 0 · 1 e . e . of the serulll of eitJ1er . . A t th f> 
f>nd of the eomse t he follo" ·in g r esult;; IYPl'e obtainetl : -

Chn ul·oe i anti t oxin 

H esistance to J.lll. mo· 
culat ion of cha uvoei 
culture .. 

Sheez! .'37457. S h eep 371:11:~ . 

0 ·015 c .c. and 0· 015 c.c. 
n e ut ra lized 20 JI.L.D . of lla t<:h E tox in (made 

fr om strai n K .F .) . 
0 ·07 r .e . to 0·1 c .c. an: l 0·06 c.r. to 0·07 c.c. 

neut ra li zed [) M. ILD. of 29 toxin . 

10 JI.L.D. (1 ·0 c.c.) 
l ived . 

10 Jl.L.D . (1 0 e.c.) 
d ied. 

Controls t o ('U[ture : Normal S heep 38066 1 J'.LL.D . died . 
Immune S heep 36552 10 l\LL.D . liYed. 

The r esults of the tlnee exper im en ts just presented p1·oye that i11 
Cl. septicwrn an aculture , there is an an t igen capable of stimulating 
the formation in sheep of Cl . cha1tvoei antitoxin and of rendering 
t hese animals insusceptible t o t h e inoculation of seYeral lethal dose" 
of Cl. cii auYoei culture ( 01· activated spore suspen si011) . 

Having shown that Cl . se
1
pticum an t igens immunized against 

Cl . chauvoei, i t becam e n ecessary to proYe or disprove that the reverse 
h eld good. 

E .xzJeri m en L ] . 

E ight sheep n·hieh h ad r eeeiYed subcu taneou sly from 2 to 20 c.c. 
of Cl. chauvoe1: anaculture an d bad surviYed th e intramuseu lnr inor:n
lation of one or more :!\L L .D. of cultur e " ·ere bled an d t h eir ser a 
titrated for the presen ce of septic;um anti toxin . One su re fatal cl oRe 
(0·01 c .c. ) of a certain septic:um toxin (B at ch E) ''"as not neutralized 
by 0·1 c.c . of any serum, an d a doubtful leth al am ount, 0·007 e.c . , 
was n eutra li11ecl by only 2 sera . 1n a m me detailed t est . it was foun d 
that the sera ·of four of these 1>h ee1J had no more n eutralizing effect 
upon fra etional :!\'LL.D. of septicum toxin t han ha d the sera of 4 
normal sh eep. 

E :cJJerimen t 2. 

Three sh eep \\"ere t r eated as follows. One (37534) receiYell 
chauvoei an aculture a n d t h en livin g· culture (1 to 2 :Jf.L.D.) an d hYo 
others (a7827, 3G552) filtrated black quarter oedema fluid (from sheep) 
and then living culture (10 :M .L.D .) . B ebYeen 5 .4.34 and 2l.G.:~-t 
each r eceived 9 g m. of a dry cha.uYoei toxin and 1 ,550 c.c. of a form ol
filtrate subcutan eou sly . On t he 4. 7.34, 0 · 1 c.e. of the serum of uo 
sheep neutralized 1 J\LL.D . of septieum (Batch E) toxin . Of tlw 
pooled sera of the three animals 0 ·005 r.c. n eutralized 10 l\LTL D . of 
l'hauvoei 37 L toxin . On th e 10.7 .34 ea~;h sh eep r eceived a lethal dose 
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of septicurn toxin intravenously, and all died within 12 hours. 'l'he 
amount given was 3·5 mg. of dry toxin per kilogram body weight. 
Using the same batch (E) of t oxin, :Mason (1935) fou nd t h at the lethal 
dose was about 3 mg. per kilogra m body weight. 

These t wo experiments and especially the second one sho·w that 
sheep highly immune to Cl. chauv oe1; have no more immunity than 
normal sh eep to the toxin of Cl. septicum. 

PART III. 

THE TITRATION OF Cl. CHAUVOEI ANTICENS. 

It is accepted in immunology th at, with a few exceptions, 
the more anti toxin a toxin or toxoid bin ds, t he greater is its antigenic 
l1(mer. vVith diphtheria toxoid, the flocculat ion t itre is closely re
late(l to immunizing po\\·er and the \\Titer (19361

) sho"·ecl t hat the 
total-antitoxin-binding-power of Cl. welcln i, Type n toxoid bears a 
dose r elation to i ts po"·er of immunizing- guinea-pigs. 'l' hus, t here 
was con ::;iderable a ptiori grounds for assuming that the sam e woulrl 
hold good for Cl. chauvoei formol-toxoid or anaculture. 

Scott (192iP) eYalua ted filtrates by their power of activating non
lethal doses of Cl. chaurvoei spor es or baci lli . Anoth er m ethod h e 
employed (19232

) was t o estimate the value of the ±iltrate m terms of 
ant i toxin. Filtrat e and serum wer e mixed , and living spores added , 
and the whole inoculated into guinea-pigs . A " good " fitlra te would 
bind more antitoxin than a · ' bad " one and t hus less an titoxin would 
be left over to " neutralize " the spores and the anim als would die. 
Apart hom the fact of " ·h ether or not this is a suitable method of 
t·itrating filtrates for antigenieity (and the results to be presente(l do 
not support the contention), the 1niter (unpublish ecl work) was unable 
to ohtain eonsistent r esults with Scott's method ; the guinea-pigs died 
in a most irregular fash ion, irrespective of t he amounts of antiserum 
or fil trate giYen . In a la ter article, Scott (1930) states tha t gu inea
pigs a re unsuitable test animals since th ey vary in susceptibility to 
Cl. cluwv oei. H e also says that th e addit ion of formalin t o filtrate 
increases its potency, but Zschokke (1932) shows i.h at this is due to 
the irritating effect of the formalin , i t self. 

At th ese laboratories, t he method of t esting the inununi1-in g value 
of hlaek quar ter vaecines is to inj ect 2 c.c. to 20 c.c. into sheep and 
to test 1Yi t h living culture after 14 to 21 clays. This method gives a 
r esult, suffieient fo r practical purposes-a vaceine ''"hich so immunizes 
a group of si:s: sh eep that they 1Yithstantl 1 to 5 lethal doses of eulture 
is suitable for field u se. However, only the roughest of comparisons 
between two vaecines is possible, unless an unwieldly number of 
animals is used for the test. One does not knmv t he value of the 
antigen prior to injection so that i t is mer e ehanee if the eorrect 
amount of culture to show u p a difference is i noeulated at the test. 
This point was brought hom e forcibly to the wri ter and h is colleague, 
Dr. Scheuber , in a series of exper iments with black f[Uarter vaceines. 
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About all that the method does tell is whether a vaccine is good or 
had, i.e . it is good if 5 or 6 of G injected sheep withstand 1 to 10 
~I.L.D. of culture and bad if 4 to 6 of 6 sheep die after the 
inoculation of 1 or 2 1\'f.L.D. 

To use guinea-pigs instead of sheep "·ould not help, if t he method 
of test was to be the inoculation of living culture. However , on the 
assumption that immunity production was bound up with the amount 
of antitoxin an antigen could stimulate into formation , the guinea
pig promised to be a handier , hu t no better, animal than the sheep. 

E :cperiment 1. 

An experiment was carried out in the following way: -One group 
of guinea-pigs received, as their primary stimulus , the injection of n 
dry toxin, and as their secondary stimulus, a good or a bad vaccine . 
A second group received, a& their primary and their secondary 
stimulus, the good or the bad vaccines and a third lot, the dialysed 
ammonium sulphate precipitates of these vaccines. (For the meaning 
of" good" and" bad ", see above.) The results of the tests are 
given below. 

Urou.p 1: 

l
l'rimary stimulus-a(J wgrn. of chauYoei ioxiu (S .C.) 

S h subcutaneously. 
c eme. S d t . l 2 5 of d b d · , econ ary s 1mu us- · c .c. goo or a vacc1ne 

subcutaneously . 
5.1.34 : S.C. toxin inj ected. All animals dHeloped a swelling with 

reddening and 3 diec1 . 
25.1.34: 6 guinea-pigs bled and the sera pooled; 0 ·1 c.c. of serum 

did not neutralir.e 1 M .R.D. of toxin 29. Two-guinea 
pigs each received 1 M.RD. of toxin 29; both reacted. 

26.1.34: Half of the group received the good vaccine and the other 
half the bad vaccine. 

5 .2.34: 'l'he guinea-pigs of each sub-group were bled and sera 
pooled; 0 ·1 c.c. of erum was titrated against toxin 29. 
From 3 to G M .R .D. were neu tralir.ed by the serum of 
the " good vaccine " group and 2 to 3 M.R.D. by the 
"' bad vaecinf; " group. Each guinea-pig now received 
intradermic injections of toxin 29, 1, It, 2, 2t, 3t 
and 5 M .ILD. 1' here \Yas no significant difference as 
groups: most animals re~i~ted 2 :M:.R.D . and some 
5 M.H.D. If a ditterenee ''"as to he read into the 
reaetions, it was in favour of t he "bad Yaecine " group. 

Grou.p ~: 
Scheme. :Primary and secondary stimulus- good or bad Yaccine. 

5.1.34: Guinea-pigs received subcutaneously 2·5 c.e . of vaccine. 
25.1.34: Animals hled as sub-gro ups and sera pooled; 0·1 c.c. of the 

" good " sera almost neutralized 1 M .R.D. of 29 toxin 
and 0 ·1 c. c. of t he " bad " sera. gave a doubtful reaction. 
Two guinea-pigs from each sub-group which received 
1 M.R.D. of 29 toxin reacted . 
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2G. 1.:}1 : \'a ccine Je-i njeded into t he gmnea-p1gs (2 ·5 c.c.). 

o.:z .:l4: Ani nlUI ::; hled as sub-groups and 0·1 c.c. of serum tested 
against 29 toxin; between 2 and 3 :M.ILD. were 
ueu i1 ali11e<l by the " bad group " ::;erum an<l J to 4 
l\I. lt.D. by the' · goo<l group "serum. The four guillea
pigs of each sub-group now re<'eiYed 1, ] ! and 2 ~f.R.D. 
of 29 toxin intra clenn i (·n 11 v. 'J'lnee of the '· bad " lot 
r eacted to 1 l\I.R.D . and " one doubtfully ; tiY·O of the 
" good " lo t 1·eachecl io 1 'JI.R.D. , one r esisted 1l\1.H.D. 
and reaeted clonbtfu llv to 2 l\:LH.J). and the fourtl1 
g uinea-pig t eacte<l clmibtfully to 1 and 2 :M.RD 

(:hou p ::_ 

(
.Primary and ,;econdary stimulus- the dried d1alysed 

ammonium sulphate precipitates of the bncl an<l the goo<l 
8chenw 1 Yacc~n:s . The sDI}Je Yolumes of anacultnrps \Yen· 

pree1pltated. '['he yield of powder from the good vaccme 
" ·as G gm. and of th e bad vaccine O·G gm. 

0.1.34: Gu inea-pigs received, subeutaneously, 40 mg. of dry 
vaccine. 

25 .1.34 : Animals bled as sub-groups and sera poole<l; 0·1 e.e. of 
t he "bad " sera partially neutralized 1 and 1~ :M.R.D. 
of 29 toxin and 0 ·1 c.c. of t he " good " sera did not 
neutra li~~;e 1 1\.I.ll.D. T1Yo guinea -pigs from each grouv 
\Yere tested intradermically, with 1 l\I.lLD. of 29 toxin-
the two bad vaccine animals partially resisteC! this 
amount and the good vaccine guinea-pig·s (li<l not. 

2G.l.34 : He-injechcins of Yaccine (40 mg.) carried out. 

5.2.34 : Guinea-pig hle<l as sub-groups and sera pooled; 0 ·1 e.G. 
t i trated against 29 toxin. The " ba d " sera neutralized 
b .M.H..D. and the " good " sera 1 'JI.lLD . On testing 
each anim al " ·ith i.ox in intradermically, one of the 
" bad " group resisted 2 'M.lLJ)., :mother doubtfully 
2 M .R.D. and the thinl doubtfulh 1 )I.H .D.; not one 
of the four a nimals of t he " g-'oocl " g roup resiste<1 
1 ~f.RD. 

Comment.- -'L'he resuli.s of this experiment are unsahsiactor_y. 
Apparently, the prnnary stimulus of toxin (Group 1) produce(l such a 
high basal immunity t hat the relatiYely 1veak antig-enic Yaecines did 
not stimulate the production of ani.itoxin to an exten t suffi cient for 
difference, to be shown up. T1vo injPc:tions of the anaeultures (Group 
2) sho11·ed up no significant clifferences in antitoxin production. A 
significant difference " ·as g'·Ot when the dialysed am monium sulphate 
precipitates of t he good and the bad Yaceines " ·ere used , the had 
vaccines stimulating the produetion of more antitoxin than the good 
one . 'l'he reason for this lies p robably in the yields of dry powdm 
obtained. Although equ al volumes were precipita(erl, the weight of 
the " bad " dry vaccine was ten times less than that of the good. 
'l'hus, the probability exists that, as equ al amounts of each dry vacGine 
were injeetPd, 10 times more " haC!" tha n " goofl " antigen \vas 
administered. However , no indication \Yas got that an anaculture 
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which immunized sheep well against the inoculati on of cu lture 
s timulatecl t h e production in gu inea-pigs of mOl'e antitoxin than di fl 
a n anaculture 1Yhich im rnu nized sheep badly . 

E :r:p eri m ent 2. 

Four Yaccines ''"en• chosen on the bas is of their haYing proclucecl 
b ad, fair , fairly g ood ancl good imm unity (to culture) in slieeJ>. In to 
4 g roupe; of gu inea-pigs, th ese vaccines 1Yere in_j erted (2 · 0 c.c. su b
cu taneo usly , t1Yice, at :..>1 days' intern;l). Ten days after t he see01ul 
inj ection , th e anim als were bled as groups an rl ea('h indiYi(lual test(~ d 
in traclen nically \Yith t oxin. Significant difte1 enee::; \Yere noL go(. 
l<'m ther, 4 g rou ps of 1 sheep each (12 sh eep in all) r eceiYed Ruhcu
taneo usly ;J-0 c.c. of one or t h e oth er Yaccine (t11·ice at 1() days' 
iuterYall. 'l'eu day" aHer the sec·on!l inject ion t he sh eep wPre t h en 
hled· as g roup :=; , i heir sera pooled, :u ul titrated agai nsi t oxin 27, intru
cl ermica lly i n guinea-pigs. The n•sults of t hese titrationo; and of i. IH' 
final immunity test " ·ith C;1.d t ure a re g·iyen iu Tabl e 12. 

T .·\I IJ.E 12. 

T h e cimount of Antd o.xin P.J·od~"ced by S heep a/lei' T wo Subc~ttaneov., 
l nject ,:ons of Dud , Fai l' , Fairly Good rmd Good Fa cci11es . d lso 
t h il Tesistance of these S hrep to the i.1n . l noc?tlation of CultuTe . 

f)hcnp. 

Ha.d ,-accine--
37000 
3770:1 
377:31 

l~a ir -·,;:l('(·ine-
37877 
38183 
38188 

F a irly good vaccine--
38189 
:>8196 
38198 

Good vaccine-
38212 
38214 
382Hi 

Contro ls to cult ure injection-
34732 
34721 

OQ 

. ;;; 
0 
0 

~ 

l~ 

I 

3+- 1 

8/ 1/ 35. 
Group 
ser um 
pooled 
0 ·l c .c. 
ncntra ~ 

lizcd 
~7 tox in 
. H.R.D. 

l -1 ~ 

10 

16/ l / 35. 
Rcsi,tancP to culture 

i.n1 . 

!Jose 
(' . (' . 

2·0 -l- 2-~ hr. 
2·0 _._ .) d . 
2 () " ll. 

6 ·0 Lanwoerle nw. f. 
6·0 + o / n . 
+ 0 + 3d . 

2·0 L. 
2 0 L. 
4·0 L. 

4·0 L . 
6 0 L . 
4 0 L . 

0 2 + o/n. 
() 1 + 20 h. 

(+=died, L = Ji,·ed , hr. = h ours, d = days. o j n = o vcrnigh t. ) 
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THE TOXI N OF '' CL. CHAUVOEI ". 

If only t he good .and t he bad vaccines h ad been used, the result 
of th e t est would h ave been considered highly satisfactory ; 0 ·1 e .r.;. 
of t he "bad" serum neutralized only 1 to It :M .H.D. of toxin aud 
not one of th e 3 sh eep was immune to 20 111.L.D. of culture whereat> 
0·1 c.c. of " good" sen.un neutralized 10 M .R .D . of toxin and the 
shee p resisted 40 to 60 1\II.L.D. of culture . However, the introduet1011 
of the fair an d fairly good vaccin es shows t hat a correlation between 
the amount of circulating an titox in and the amount of culture 
resisted does not exist. 'l'he pooled serum (0 ·1 c .c.) of the shee1J 
immunized with t he fairly good vaccine did not neutralize 2 M.R.D. 
of toxin (and, from the i ntensity of the reaction , probably would not 
neutrali ze 1 M.H.D .), yet the sheep withstood 20 to 40 M.L.D. of 
culture . It should be stated that the val ues (" good " , " bad " , 
et c.) placed uvon the vaccines were arrived at from the r esults of a 
preliminary culture im munity test on sheep. Furth er, the reason 
why th e same amount of culture (see 'l'.able 12) " ·as not inoculated 
into each sheep was because it was anticipated that the antitoxin 
t itration would run parallel to t'he culture-resistance test. 

/ta;perirnent 0 

If immunity to Cl. cha·uvoei culture depended on the presence 
of circulating ant itoxin , then one could, \vith ju stification, .assume 
that the amount of antitoxin a formol-toxoid (anaculture) bound 
would bear a r elation to the immunity produced by it. Attempts 
to ascertain the total-anti toxin-combining-power ('l' . C. P .) of liquid 
toxoids were not altogether satisfactory, because, in many cases, too 
little antitoxin, to allow uLacr.:w::aie__r:e.s.ults..-. .:xv.as...bourul. However, 
by using dialysed ammonium sulphate precipi tates, values coulcl 
he placed on the toxoids. 'l'he technique was as follows. 'rhe Lr 
of a dry t ox in was accurately established, and this toxin and the 
antitoxin were used th roughou t t h e tests . 'l'he dry toxoid , dissolvecl 
in saline, was left in contact for one hour at room temperature 
with a cert ain amount of antitoxin . Thereupon , to a series of t ubes 
containing this mixture, fractions of an Lr dose of toxin were .added 
and after a further h alf-hour at room t emperature , the toxoid-anti
toxin-toxin Tnixtures were injected, intraclerrnically , in to guinea
pigs. I n a typical titration, t h ose mixtures containing- Rmall .amounts 
of t ox in produced no reactions, whereas those with larger amount,; 
did so. Knowing the Lr of t he t oxin , a simple calculation showed 
how m uch antitoxin the toxoid had bouncl. Further, knowing the 
volume of toxoid originally precipitated and the weight of t he dry 
powder, one could calcul ate the amount of antitoxin that 1 · 0 c .c . 
of liq ui d toxoid woultl hixul. In the first half of this experiment one 
lot of sheep r eceived, subcu taneously, 5 · 0 c.c. of anaculture, 86 C, 
and t he oth er lot :)· 0 c.e. of anaculture 87. 'l'he details of the test 
are g- iYen in 'l'able 13. 

'roxoid 86 C bound more antitoxin than toxoicl 87 and stimulated 
the formation of more antitoxin 1:n vivo. However, the immunity 
test with spores allows of no conclusion being drawn . All the sheep 
survived the test. 
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T H E T OXl K OJ:' 

E rcpe1"iment 4. 

The details of this test .are g iven in T able 14. J ( \Y.as car r ied 
out as noted u nrler Experiment 13, wit h t11e di ffereu ce t hat culture, 
instPa<l of actiYa!ecl spor-es, \nl ~ u sed to t es t imlmllli t~· -

T .H!LE 14. 

E.<perim ent to Ascerlw n if there is a Co·l'7'e lation bet1.ceen t f1 e T.C .F. 
of a T o.roid, th e T oleran ce f;o Cult11n of Sheep l rnmunized 'with 
it and t l1e Am01m t of C iTc?tfatin,r; fl ntito.Tin ·in t he Sheep . 

T oxoid. 

88 

89A 

Sheep. L <luc of toxoid. 

:No. M.R.D. 
37 L toxin 
ne ut ralized 
by 0 ·1 c.c. 

sernm . 

Kcsistance to 
culture c.c. 

:{6881 11 0 t· l . . l 'd \J-5 L. 38934 ' c .c. 0 l C[U l ( t OXOl 1 ·0 L . 
38937 bound 0 000;) c.c. of 0 .5 L. 

-- ~{89~~------1- - :~-~~~~-~~-~-~ --------- --- - -~~ ---·- 1 ~!-~ ----
38881 , < 1 0 ii L . 
40241 I > H 1 0 L. 

____ !igg~~ ------~-:~:-_____ __ _!U __ _[_i_l t. ____ _ 
41008 I 0 c.c. of l iq uicl toxoid < 1 1 · 0 L . 

------!)-~--- --~~!j __ \__~:,~~c~S-~-~~~0-~6 c.:~ __ j~ ·- .IJ~_t _ ----
Cont rol' :lg~~ I ~ ~· I g ~//~2 · hr. 

(SC'c notes under Table 1;{.) 

'l'h e r es ults do n ot iu<licate t hat t h er e is a correlation b etween 
the a mou nt of ci rculating anti toxin, the T.C.P . of t h e toxoid a u <l 
th e a mount of culture borne by th e sh eep . 'l'oxoi cl 91. houn <l abou t 
one-t h ird of tha t of toxoi Ll SUA, ('ireulating- antdo:-.:i n ''as n o( demon 
strat ed in th e immunized sh eep , yet th ese ,.;heep r esisted 5 to 20 
M.L.D. of culture. It is r ealized that all t h e sh eep n •sist ecl t h e 
cn lture inonulation and t ints a t n 1e comparison ca nnot be ma de. 
However , some year s' exp eri ence wi th toxoi ds as n oted in T:.~ble 14 
lu-1s sh own t l1at it is umtsnal to fin d t'h em immun izing against mol'P 
th<lll :20 M.L.D. , the u su al amou n t h ei11 g between 2 an<l 10 ~LL .D . 

E xrERDIEKT G. 

T o ht- certa in of haYin g- toxoicls of widely differing .-aln es 
('L' .C.P.) , a liq nid fon nol-filtra te \ \'.aS u sed in th e foll o" ·ing mann er. 
Sheep r eceived , subcu taneou sly, 5 · 0 c. c . of th e toxoid, unheated, 
h eated (60° C. h alf-an-hou r ) , boiled (95° C. h alf-an-h our) and auto
('Ln·ed (120° C .. 15 poun ds pressure, h alf-an-ho \1 r ) . T h e 'l '.C. P . was 
worked ou t in the manner cl escribecl . 'f able 15 records th e experi
me nt. 
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J. H . . \L\SUN. 

'l'ABLE 15. 

Th e Corre fatwn between Lhe 
of Antito./'111. bjj, nnd 
illlm ·uni.zed wdh the'lll . 

J'.C .L) . of To.&oids !ll/(l t h e Froductwn 
the R e;;/stance t;u ( 'ulture of .Slt ee zJ 

T oxoid . 

:\ot hc·atcd 

H catecl r;oo C, 
1 ho ur 

H eated !J:'i° C, 
j- hou r 

Autocla.vecl, 
t hour 

Sheep . 

:l 9:J ;j.~ 

410!)0 
409.J.!J 
41058 

-W\J-~,; 

40!)!):; 
407:!!) 
4JO!i0 

4 101l7 
4 10!)7 
409:'ifl 
40976 

4 10(;:{ 
41020 
:396.~:! 
40514 

0 c.r·. hou nd O·OOO:'i 
... c. A.T . :3S:? l:2 

·0 c.c. bounrl 0·000 1 
c·.e. A .T. 38:21:2 . 

Oe.c . bound <0 ·000 1 
r· .c . . ·\ .1'. :3821:2 

As 9;) ° C. toxoid. 

:\o. :ILI-{.D. 
:17 L t·oxin 
II L'ut r·al izcd 
by 0 I c.c. 

S('rt Jil1 . 

< I 
< I 
'I I 
< I 

., I 
< I 
< I 
< I 

I 
.~ [ 

< I 
< I 

< I 
< I 
.,._ [ 

< l 

lh•sisLurcc to 
cultrr re c .r·. 

0 · .) oed. L. 
I ·0 ocd. L. 
·> 0 .. ;) d . 
-~ 0 + :! <1. 

0 -;) L. 
I 0 L . 
:! 0 -·- ;) d . 
4 0 L * 

-- --·-·-

() ;) I :! d. 
I ·0 L * 
I 0 T I d . 
:! 0 + o / n. 

() ;) + :! d. 
I 0 ..L :! cl. 
I 0 ,. 0 / 11 . 

:! 0 .L o l n . 

--;;~,.(;j;:-- --4- 112-,:;-- ·- ----- -----~- ·-·< ~---'01~-ld~ ---

4llO:l < I 0 · :!5 + 1 d. 

----

(L = li v·ed, +-died , d = days , ocd . = oedcma.) 

* S heep 41050 and 4l097 had oedema of tl1c leg (the site of inoculation ) clml'll to the 
fet lock. t he ski n " ·a .-; b lue in p laces and a hac morrhag ic flrrirl Pxrrdcd ft·om the sl<in. Ca reful 
nurs ing prevented t heir· d eath. 

The s hee p r ec<' iv·ccl :'i ·0 c .c· . of toxoid ;; rrlJ<'rr ta ncousl.\·, t: h C' sr•rrr nr ne utrali zat io1> t <·s t vras 
d o ne 2 1 d ays >tftN ;tnd t he c rr lt urc tes t :! days nfter t his . 

The l'esuli ;; g1Ye11 in T ab le L) ::;h mY t hat the an t itoxi n-b incli1tg 
power of a toxoi<l 'has 110 hear ing on its ahild .v i.o i llllttUu ize sh eep 
against t h<·) inoculation of t·ltllure . Th P he~d ing· of t lte toxoid at 
60° C. r erlucerl i ts b i n<liug- po,rer G t i!ll es, ,1·et ib imnl ll!liz in g llOW<'l' 

(to culture) 1v<t :> n ot cl l i e retl. F urt her, it i ~ o f tldi n it e ~ ig·ui fiC'<t t H·e 
th at sh eep 41087, 41063 antl 410'20 d ied afh-' r ':1-R llO nr s and tha t 
sheep 41097 su rviYed . A d o~p of (l · l <· .c. of l'ultn re kille< l a con trol 
a nimnl iu 24 hours ; 5 t o 10 t imes th is amount \\·ould kill. wi t h 
certain t~-, oYern ig-h L U n fortunately, the au ti to:s:iH 1n·od udion , e.-en 
by the unheatPrl toxoid , \Yas so feebl P t11nt :1 < · Ol llJl::ll'i~on cann ot he 
made . 'l' h e exper i m ent i nrliC'a tes t hat, in Cl. rlwuvoei formal
filtrat es, t h er e is an anti gen nm ch more stable tha tl toxin capable of 
immunizing again st culture . (It wi ll h e r eca ll ed th:d, toxin is 
cl estro)·e r1 after h alf-an -hour's he::ttiug :1t GOO ('.). 
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T HE T OXlK 0.1.' " CL . CH AUVOEI " . 

Experiment 6. 

In th is experiment, t'he L strain of Cl . chau1:oei '"as used. As 
lJreviously stated, this cultur e, as or iginally r eceived , Yl'as nearly 
non-pathogen ic for g uinea-pigs but by pa sing it through guin ea-p igs 
( r;ult1ue a diva ted with adrenalin) a virulent str ain ·was o btaineu . 
Toxin was made from a 36 hours' culture of the avirulent and of the 
virulent st rain. T oxoids were made from each by adding 0 · 4 per 
cent . for mol a nd incubating for 48 hours. The T. O.J:>. of t h e toxoids 
\Ter e establish ed , sheep received 6 · 0 c.c. subcutaneou sly, wer e b led 
21 clays later and 2 clays later still were tested wit'h culture . Table Hi 
recor ds th e r esults. 

T ABLE 16. 

The C01Telation between ilf.L .D . and Lr of the Original T oxin, t he 
T. C. P. of t he F ornw l-to.:nn:d Prodtwed f rom it, t he Ammtnt of 
A ntitoxin f ormed in SheezJ into w h?"ch the T oxoid is I njected 
and the amcmnt of Culttt?'e R esisted by the S heep. 

Xo. 
M.R..D. Resist-

M.R.D . 37 L a nee 
Toxoid. toxin. '''*Lr toxin . \ 'a.Iue of toxoid . Sheep. toxin to 

neut. by culture 
0 ·1 c.c. l\LL.D. 
serum. 

I I 
I I F rom a. v irulent ? 0 ·1 c.c. < 0. 0003 c.c. 1 ·0 c.c. bound 41510 < l 5 + 2 d. 

I 
cult ure 0 ·0001 c.c., A.T . 41054 < 1 10 + 2d 

38212 41513 < 1 20 L. 
41521 I < 1 20 L . 

-----·- - ---- ----- - ----- - - ----- -
l<'rom viru lent cui- a.t least > 0. 00:{ c.c. 1 ·0 c.c. bound 41527 

I 
< 1 10 + 2 r!.. 

t urc 0 ·01 c.c. 0 ·0045 c.c., A.T . 41534 ? l 20 + l d, 
38212 41500 I > 1t 30 + 1 d . 

i 
41088 ! > l t 40 L.* 

I i 

(+=died , L = lived, cl = days.) 

* The leg of this sheep was ocdema.tous, the skin blue and oozing a. haemorrhagic fluid . 

**Liq uid toxin used ; t est d ose = 0 ·2 c.c. ; the figure given is t he amount of antitoxin 38212 
req uired to neutralize t-his amount. 

The r esults show t h at th er e i s no cor relation between the a nti
toxin-binding- value of a toxoid and the r esistan ce to culture produced 
by it in sh eep. The toxoid from the virulen t culture bound 46 times 
more antitoxin th an t hat fr om the avirulent, 3 of 4 sh eep h ad 
demonstrable circulating antitox in, yet (although the closes of culture 
inoculated are not exactly th e same) the sheep were no more immune 
to culture th an th ose in to which th e " avirulen t " toxoid was 
inj ected. 

E :cpe1·im ent 1 . 

In T able 13 (experimen t 3) i t is shown that toxoid 86 0, 1 · 0 c.c. 
of which bound 0 · 0008 c.c. of antitoxin 38212, stimulated the form a
tion of m ore an titoxin , in sheep, t h an toxoid 87, 1 ·0 c.c. of which 
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bound 0·0004 c.c. of the same antitoxin. Also in experiment 6, it 
is s'hown that th e toxoid of the virulent strain bouncl 45 t imes more 
an t i tox in than that of the avirulent strain and stimulated the forma
tion, in sheep, of mor e antitoxin. In the experiment now to b e 
noted, 3 precipitated toxoids were used. 'l'heir T .C.P . were estab
lished , guinea-pigs received 2 inj ection;; (200 mg. each time) sub
cutaneously (23 days' int erval), their pooled sera (as groups) tit rated 
for antitoxin 14 days after the second injection and three clays after 
this, .all guinea-pigs r eceiYed a lethal dose of toxin intraYenously. 
The object was to ascertain if there was a correlation between the 
binding-value of a toxoid, fhe amount of a ntitoxin produced, and 
toxin tolerance . 'fable 17 records the results. 

TABLE 17. 

T h e Co1'relation betw een th e T.C.P. of a Toxo£d, Antitoxin 
F onnat?:o11 and To.xin Tol enmce. 

No. M.L.D. Toxin (37 L) 37 L tox in nent. Toxoid . *Value. byO ·l c.c. tolerance 

pooled sen1m. l ~1.L .D. 

90 autocla.vcd < 0·0001 c.c. < 1 4 + 1 L. 
91 0 ·0001 c.c. < l 3 + l L. 
46 0 ·0035 c.c. 5 0 + 5 L . 

(+ = died, L = livcd .) 
* Valne = 20 mg. toxoid bonnd t he amount of antitoxin 38212 noted. 

This experiment proves that the total-antitoxin-comhining-Yalue 
of a toxoid i s closely bound with the amount of antitoxin stimulat ed 
into formation aml with the toxin tolerance of animals immunized . 

E .r:pe1·irnent 8. 

This experiment concerns the production of immunit~- in sh eep 
with oedema :fluid, the so-called natural aggressin. It is well known 
th at the oedematous :fluid produced by inoculating CZ. cham ;oei into 
cattle, is a powerful immunizing agent. 

In this experiment, oedema :fluid was collected from a number 
of sheep, just dea d from experimental black quarter . After filtra tion 
though a Berkefeld N candle, an attempt was made t o earry ou t a 
binding-power test . No antitoxin was hound.. The cli.alysed 
rtmmonium sulphate precipitate hound no antitoxin. No antitoxic 
property "·as deteded in the :fluid . H owever, as was to be expected, 
both th e oedema B.nid and it s preeipitate immunize(] sheep- of 8 
sh eep which received the one or the ot'her material , h ·o withstood 
5 ~LL.D . of culture, three 10 ~LL.D ., one 20 )LL.D., one cli ed 
from 20 M.L.D. and on e from 10 ~LL.D. 
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THE TOXTK OF " CL . CHA"G VOEI " . 

ExpeTiment 9. 

A t the t ime this experiment was star ted, it was known that boiled 
bacilli produced a solid immunity, that heated toxoid produced a 
certain degree of immunity and that th e binding pmYer of a toxoid 
and th e amount of circulating antitoxin in an animal had no, 
connection with the amount of culture that would be borne. It 
was clifficult to apportion to the toxin (or it~ atoxic modification) and 
the heat stable antigen in a toxoid their r espective antigenic values 
but the indications were that the heat stable fraction \Y.as the more 
important. Therefore, an attempt \Yas m ade to titrate the stable 
antigen. The bacilli from 25 litres of a 24 hours' culture were 
obtained. The culture \yas passed through .a pulp, the pulp soaked 
in a small volum e of sa line and th e bacilli squeezed ou t in a press . 
The bacilli were t hen wash ed by spinning three times (with changes 
of saline solution) at 4,000 revolutions per minute. 'rhe dense 
washed suspension, 200 c.c. in amount, \Yas frozen ( -15° C.) and 
thawed (20°-26° C.) 5 times in 5 days, and spun unt il clear. A 
slightly opalescent fluid was obtainec1. No reaction was produced 
wh en 0 ·1 c.c ., in 0 · 3 c.c. of 1/100 adrenalin, was inj ected, intra
dermically, into guinea-pigs nor did 0 · 5 c.c. kill a mouse on intra
venous inj ection . The fluicl was fanned clown to 80 c.c . Of this 
0 ·2 c .c. produced no reaction in a guinea-pig, nor did 0 ·5 c.c. kill 
a mouse. Reduction with sodium- hydrosulphite did not produce 
a reacting or toxic product . No antitoxin-binding-power could be 
demonstr ated. Using an antitoxic serum (38212) no specific precipi
tation could b e shown up. This antitoxin probably contained plenty 
of the an t ibody to the h eat stable antigen. No precipitation was got 
on mix ing th e fluid with sera produced in sheep by injections of 
boiled bacilli . 

An imniunity test 'Y.as carried out in sheep . One lo t of sheep 
re(~eivecl t he supernatant fluid , and the other lot the supern atant 
>Yhich had been boilerl for 2 hours. 

K o precedent existed for the amount of culture that a sheep 
immunized with supern atant fluid \Youlcl " ·it hstand. Thus, it is 
possible that sheep 41523 and 41555 \Yould have surviYed more than 
2~ and l :M.L.D. r espeetiYely. Furth er, since one inj ection prolluced 
ru solid immunity, the testing of th e immunity after 2 iuj ections was 
not carried out. One injection of the boiled supernatant did not so 
immunize 2 sheep that t hey withstood 2} and 1 M.L.D. of cnlture 
respectively . HmYever , 2 inj ections produced a solid immunity. One 
injection of neither antigen stimulated the formation of antitoxin; 
two stimuli with the unboilecl supernatant led to the formation of a 
considerable amount of antit oxin but with the boiled material , two 
injections did not h ave this effect. 

Thus, from this experiment one may infer th e Jnesence, in the 
frozen and thawed supernatant fluid of a washed Cl . chauvoei 
suspension, of t>Yo antigens, viz. , one which is heat labile and capable 
of stimulating- the formation of antitoxin and the oth er, heat stable, 
incapable of inducing the forma tion of antitoxin but capable of 
immunizin g sheep again st culture . The possibility exists that the 
h eating of the antigen destroyed some of t he h eat stable material. 
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THE TOXIK O:F " CL . CI-IAUVOEI " . 

It is t o be noted that although unheatecl supernatant stimulated anti
toxin for mation, no t ox in or toxoid " ·as demonstrable in it by the 
'l' .C.P . titration . An absolutely satisfactory explanation for this can
not be given. It may be that the amount of antigen was too small to 
allow of i t s being detected by the method of test . Some little support 
for this is offered by th e fact that after one injection , not a trace of 
ant itoxin " ·as detectable in any one of th e four sheep. 

DISCUSSION. 

'l'he results presen ted in P art I, p roYe th at, in th e filtrates of 
18 to 24 h ours' cultur es of Cl. ch aVIvoei, a toxin is present. Th is t oxin 
has been demonstrated on pr eviou s occasions, in par ticular by Kojima 
and by K er rin, bu t t heir method of t itrating it , viz. the intravenous 
injection of mice, was, in the writer's opinion , unsatisfactory . vVh en 
from 0 ·1 c.c. to 0 · 5 c. c. is necessary t o cause death in mice and \Yhen 
death may occur in a few seconds or minutes, great difficulty is 
experienced in conducting neut ralization test s. The in tradermic 
titration method in guinea-pigs, u sing dried dialysed ammonium 
sul phate precipitates, allowed of t he obtaining of a satisfactory 
minimum reacting dose and further , a conYenient ly sized test dose, 
con tainin g 5 to 10 react ing doses, cm1ld be used. H mYever, satisfac
tion was not obtained unt il adrenalin was added to- the toxin or the 
toxin-an t itoxin mixtures . The effect of this substance appeare<l to be 
the localization of the toxin in the tissues for a time sufficiently long 
for it t o produce visible damage. vVithout it, t he toxin cau sed an 
early-appearing intense reddening of t he dermis , t his disappearing to 
a greater or less extent in a few hours, so that after 18 or 24 hours, 
on ly a red flush m arked t he site of in jection. With adrenalin, t h e 
reaction was clearly r eadable as an intense red mark . 'l'hat this toxin 
wa!'l t he p roduct of Cl. chmcvoei \\"aS shown by i t s being neutral izable 
by homologous antitoxin . 'l' he specificity of th e toxin is not detracted 
f rom because the ser a of some normal r abbits and bovines \Yer e able 
t o neu t ralize a fe,,. :M .R .D . vVeinberg an<l his colleagues have 
already noted this fact . It is possible and even probable that in the 
case of bovines their antitoxin is the result of stimuli with 
Cl . chauvoei bu t \Yith r abbits this explpnation can hardly he invoked 
since gu inea-pigs, living under the sap1e conditions do not develop 
an ti toxin. However , it is difficult to understan d ,,-hy bovines receiYe 
stimuli a nd sh eep do not. It may be that i t is an inher ent 
characterist ic of t h e animal to produce ant itoxin and not the effect 
of specifi c stimuli but this, i t is agreed , 'is merely a hypoth etical stat e
ment aud not an explanation. 

\ :V einber g- h as insisted for many years that C l. sezJti cu rn an tr 
tox in may neutralize Cl. chmtvowi culture . Th e r esults presented 
confirm th is, in as mu ch as septicum antitoxin neutralizes chauyoei 
tox in and sh eep may be solidly immuni 7.ed against Cl . chmt?JOPi 
culture by th e use of septicum antigens. 

\:Vhilst a haemolysin " ·as demonstrable in filtr ates, it >>"as u su ally 
of low titre, wh ereas oth er workers, for example Kerrin , obtained 
mueh 'high er values . Possibly th is is t o be explainec1 by the u se of 
differen t media . H o,..·ever, the m·iter could not sh ow that th e 
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haemolysin was the same as the toxin- more antiserum was r equired 
to neutralize the same volume of lysin as toxin. However, it is 
admitted that the same attention was not given to the study of the 
lysin as of the toxin. 

rr he study on the production of immunity was disappointing 
because a method of titrating antigens a1Jart from their 
immunizing ]10\Yer ~was not obtained. The writer had the pre
conceived idea that th e toxin (or toxoid) of Cl. chauvoei would be, 
in great measure, responsible for the produ ction of immunity . If 
such ' '"ere the case th e filtrate or toxoid binding most .antitoxin woul d 
produce the strongest immunity . Experiments showed that t h e 
total-antitoxin-binding-value of a toxoid h ad a direct bearing on the 
amount of antitoxin produced in an animal into w'hich it ''"as injected 
but was not correlated " ·ith the resistance produced to living culture . 
Boiled , \Yashed Cl. chawvoei which bound no an titoxin produced a 
high degree of immunity in sheep when th ey were tested with culture , 
but no antitoxin was demonstrable nor \\·ere the sheep resistant to 
toxin in jected intradermically or intravenously. Thus one eould 
conclude that t"·o antigens were involved in the production of 
immunity, one a 'heat labile toxin and the other a heat stable antigen. 
Basset (1925 2

) pointed out that the heating of formol-toxoids at 
60° C. for one hour did not <lestroy their antigenic value and Vil joen 
and Seheuber (1926) found that artificial aggr essin (filtrate) does 
not lose all of its immunizing value even when exposed to 95° C . 
for half-an-hour . Hamon (1928) , Van Gerderen (1933) and Povitzky 
(1935) show that tetanus and diphtheria toxoids may be heated at 
60° C. to 70° C. without demonst1·able loss in immunizing valu e . 
This has been borne out in the present investigation with Cl. cha~woe-i 
formol-toxoids . H eating at 60° C. for h alf-an-hour had no detrimen
tal effeet on immunity prod uct ion and even boiled toxoid had a slight 
immunizing value . As toxin and toxoid after half-an-hour at 60° C. 
bind no or only a trace of antitoxin, it would appear that the heat 
stable antigen is of gr eat importan ce in the produ ction of immunity 
to Cl. chan?:oei. Lourens (1935) expressed the inter esting view that, 
as the old spore vaccin es for black quarter "·ere made from heated 
infected muscle, the immunity produced was due to the aggressins 
in the dry powder . The present work would tend to confirm this 
v1ew. The r elatively small number of killed germs in the dry 
muscle powder would h ardly be sufficient to set up immunity and 
it is a very moot point if the immunity " ·as due to the in vivo 
germination of an odd, so-called attenuated spore. 

F inally, the virulence of a CZ . cha-iwoei culture need not neces
sarily have a bearing on the antigenici ty of a formol-filtrate prepar ed 
from it. The immunity produced by th e toxoids of a virulent and 
of a relatively avirulent culture of the same strain " ·as of about t h e 
same order. This is supported by HaRlam and L amb (1919) and 
Gri:i.ub and Zschokke (1910) who stated that the immunizing- power 
of filtrates was independent of their. toxicitieR. 

It " ·ould appear that no finality can be reach ed on t he product ion 
of immunity to Cl . chattvoet· unt il a method is devised for titrat ing 
the hea t stable antigen and the antibody prorluced by it . Since 
(1) antigen s, such as boilerl barilii and h eated toxoids free from 
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demonstrable toxin or toxoid can produce a high degree of immunity 
to culture, (2) since there is no correlation between the antitoxin
binding power of an antigen and its ability to produce resistance 
to culture and (3) since the absence of circulating antitoxin is no 
indication of the inability of an animal to resist cu lture, it is probable 
that the heat stable antigen is the important one. 

Until toxin (aggressin) or toxoid free from the heat stable 
antigen is obtained, one cannot say whether it plays any part in the 
production of immunity to the inoculation of living culture or to 
the natural disease. 

Although the writer has gained t'he impression, from a study 
of the literature, that many workers suspected the presence o£ a 
heat stable antigen, credit must go to Henderson for having so 
clearly shown that the antigen in boiled bacilli is such a powerful 
immunizing agent. 

CONCLUSIONS. 

(1) In culture filtrates of Cl. chauvoei two antigens h ave been 
demonstrated (a) a toxin, and (b) a heat stable antigen. The toxin 
can best be demonstrated by injecting filtrate intradermically into 
guinea-pigs, particularly if adrenalin is incorporated in the filtrate. 
The presence of the heat stable antigen is proved if toxin-free 
(heated) bacilli are injected into sheep; after a suitable interval 
tnese are immune to the inoculation of living culture. 

(2) The toxin, or its atoxic modification, stimulates the forma
tion of antitoxin when injected into animals, whereas the heat stable 
antigen does not do so. 

(3) Tne toxin is neutralizable by homologous antitoxin, by 
Cl. septicmn antitoxin and to a slight extent by the sera of some 
normal bovines and rabbits . 

(4) The toxins of four different strains of Cl. chauvoei have 
been found to be indistinguishable serologically. 

(5) There is no correlation between the amount of circulating 
antitoxin in an animal and the power of the animal to resist the 
inoculation of living culture. 

(6) There is a correlation between the amount of circulating 
antitoxin in an animal and its power of resisting toxin, injected 
intravenously or intradermically. 

(7) The evidence points to the heat stable antigen being the 
important one in the production of immunity to Cl cha1tvoei culture. 
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