
856 SEROLOGICAL SPECIFICITY OF BOTULINAL TOXINS 

utero or during the early postnatal life (total 
body or head alone) produced a supp?.ession 
of the development of hembarbital metahlis- 
ing enzyme system in liver. A k @  in- 
hibition of the hepatic enzyme system after 
x-irradiation was also noted in adult male 
rats, but with higher radiation doses, sug- 
gesting that the central nervous system plays 

but also in the maintenance of optimal level of 
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I .  " 01 enzyme activity in liver. 
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FIG. 3. The response of the h e x o k b k d  metab- 
lising enzyme system in adult male rat liver to a) 
1,OOo R head x-irradaaticm, b) 2,000 R head x-irradi- 
a4ion and d) hypophysectoany are compared. 

has to suppress the nd tance with the radiation plrocedure. 

Grateful xkmledgemerrt is made to the Uni- 
versity of Chiqo canceT ~~~w and 
the Deprtment of Radiology fm use of the radia- 
tion facilities arbd Mr. James Bland for his assis- 

developmental increase of enzyme activity 
s e n  in male rats( 8). I t  is shown in 4.he present 
studies (Fig. 3) that hypophysectomy in addt  
rats (65 days old) also results in an inhibiation 
of the hepatic enzyme system. Although the 
mechanisms underlying Ithe a- effects 
of head irradiation on liver enzyme activity 
cannot be outlined yet, collateral evidence 
suggests that radiation impairment af the hy- 
pophysea,l regulation may be responsible for 
the distamt effects observed. It is also apparent 
from our results that the central nervous sys- 
tem exerts a regulatory role not only in the 
development but also in the maintenance Olf an 
optimal level of enzyme activity in liver. 

Summary. Exposure to m5rradiation in 
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Types A and B botulinal toxins and anti- 
toxins appear to be quite specific as deter- 
mined by animal neutralization tests(1). 
Multiple precipitin bands and crossreactions 
have been observed, h m v e r ,  in gel-diffusion 
tests. Lamanna and Lowenthal(2) showed 
that type A crystalline botulinal toxin f m e d  
two precipitin bands with type A antitoxin in 

the Ouch geldiffusion test and one band 
with type B antitoxin. They demonstrated 
that one of the homologous bands and the 
cross-reacting band were attributable to the 
hemagglutinin in type A toxin and its anti- 
body present in the homologous and het- 
erologous antitoxins. Gendon( 3 ) demonstrated 
numerous bands between crude type A toxin 
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and antitoxin in the Oakley double-diffusio,n 
tube test. Because of the lack of purity of 
the reagents with which he worked, scme of 
these bands were probably produced by sub- 
stances other than toxin and antitoxin. 

Cross-readtions were observed in a study 
of types A and B botulinal toxins, employing 
the passive hemagglutination and bentonite 
flwculhon tests(4). Type B antitoxin ems- 
reacted with A toxoid in passive hemag- 
glutinations, and reciprocal cross-reactions 
were observed in bentonite flocculations. Ti- 
tration of A and B antitoxins in the presence 
of the hdterologous toxoids eliminated these 
cross-reactions without affecting the bolo- 
gous systems. Toxins from only one strain 
each af A and B toxin-producing organisms 
were used in these studies. This rep0a-t 
presents data on several strains each of types 
A and B Clostridium botulinum organisms 
in the passive hemagglutination and gel-dif- 
fusion tests. Rabbit antitoxins, equine anti- 
toxins fm the Nationlal C m u n i c a b l e  Dis- 
ease Center (NCDC) and equine Inter- 
m t i d  Standard antitoxins were used. The 
purpose of thlis study was to determine the 
serological relationships of types A and B 
botdinal itoxins and antitoxins obtained from 
different organisms and sources. Data of this 
mture are pertinent to the development of 
an in vitro assay procedure for botulinal 
toxins. 

Materials and methods. Toxoids. Purified 
botulinal bxoids types A and B, in approxi- 
mately 0.5% ‘fsnnalin, were obtained from 
Dr. George Wnight, U.S. Army Biological 
Laboratories. Toxoids were exhaustively 
dialyzed against phosphate-buffered d i n e  
(PBS), pH 7.2(5), before use in serological 
tests. 

Antitoxins. Types A and B equine anti- 
toxins were obtained from the National Corn- 
rnunicable Disease Center, Atlanta, Georgia. 
Equine International St!anda~rds for types A 
and B antitoxins were obtained from the 
%tens Semminstitut, World Health Organi- 
mtion, Copenhagen, Denmark. The Inter- 
n a t i d  antitoxins were received in the dried 
state a.nd were dissolved in 0.25% bovine se- 
rum albumin in PBS to a concentration of 
100 units per ml and stored in the f r w n  state 
prior to use. Hyperimmune rabbit antitoxins 

types A and B were produced as previously 
described (4). 

Toxu cultures. Stock cultures were d > t a i d  
orginally kom NCDC and ,the U. S. Axmy 
Biological h h t a r i e s .  They were grown for 
toxin production in a medium developed by 
Dr. Francis Crisley, Milk and Food Research. 
The medium, designated medium B, was p 
pared by adding 50.0 grams oxaid pepton@ 
and 5 grams ((Ba~to’’ yeast extract to 1,ooO 
ml distilled water. The pH was adjusted ta 
7.0-7.2, and the medium was autoclawxi. Be 
fore seeding with a culture, dextme was 
added to a find concentration of 0.5%. The 
medium was heavily inoculated with the cul- 
ture, which had been p r i d  in thioglydate 
broth. The culture was incubated for 4 days art 
35OC and centrifuged at  5,OOO rpm for 30 
f i n  in a high speed centrifuge (Sorvdl 
RC-2). The supernatant fluid was assayed for 
toxin as previously described(4) and e m  
ployed in hemagglutination inhibition and gel- 
diffusion tes~ts. 

Hemagglutinations ( H A ) .  HA with tmdds 
coupled to f o r m a h i d  sheep red Mood 
(SRBC) by bisdiazotized bendhe were 
performed as previously described (4). 

Hemugglutination inhibitions ( H I ) .  HI 
were performed by adding 0.25 d od variolus 
dilutions of supernatant culture fluids to equal 
volumes of 2-fold serially diluted antitoxin. 
T’he dilution of antitoxin was based on a final 
volume of 0.5 ml. Following incubatim at 
room temperature for 20 min, hemaggluti- 
nations were carried out. The central consisted 
of serially diluted antiserum titrated in the 
presence of culture medium. An 8 4 d d  or 
greater redudtion in titer over that of the con- 
trol was considered as specific inhibition. 

Gel-diflusions. Micro-Ouchterlony gd-af -  
fusions were p e r f o r d  as previously de- 
scribed ( 6 ) .  

Results. Data on comparative hemaggluti- 
nations with A and B b t u l i m l  tomids and 
the 3 sources af corresgonding antitoxins are 
presented in Table I. In all sys-, the 
homologous reactians were strongm than the 
hetemlwus. The degree of c m p r a t i v e  CTO~SC 

*Mention af oammerca produds throughart haa 
been made ody bo identify items that amnot be 
completely desdbed and is not to be construed as 
endorseanent ‘by t h e  Public H W  Service. 
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TABLE I. Pasaive Hemagglutination with Types A and B Bdulinal Antitoxins. 

Antitoxin* (reciprocal of dilution) 
Toxoid Antitoxin source A B 

A Rabbit 67,000,000 524,000 
B 65,500 8,400,000 
A NCDC, equine 25,600 (0.0004) 3,200 (0.003) 
B <loo (>0.1) 51,200 (0.0002) 
A International Standard, equine 1,640,000 (0.00006) 102,400 (0.001) 
B 3,200 (0.03) 820,000 (0.00012) 

~~ -~ ~~ ~~ 

V a l u a  in  parentheme indicate the units of antitoxin per ml in  the end point tubes. The 
neutralizing capacities of the rabbit a n t i t o h  were not quantitated. 

reactivity is illustrated in the determination of 
the mtio of the homologous to heterologous 
titers (Table 11). In all system, the ratio of 
homologous to heteralogous reaction was 
much greater than 1, demonstrating the speci- 
ficity of the HA. The degree od cross-reactivity 
was similar for the different antitoxin sydtems. 
The crcrss-reactivity of A toxoid-SRBC and 
B antitoxin was much greater than the recip- 
r d  mas-reaction. A similar pattern was also 
noted with the antitoxins used in a previous 
study (4). 

TABLE 11. Ratio of Homologous to Heterologous 
Hemagglutination (HA) Titers with Typea A and 

B Botulind Antitoxins. 

HA titer, 
homologous 

source Toxoid heterologoue 
Antitoxin, 

A, Rabbit A/B 1024 
B, ” W A  16 
A, NCDC A m  >256 
B, ” B/A 16 
A, International A/B 512 
B, B/A 8 9 s  

Hemagglutination inhibition data with types 
A and B btulinal cultures and the 3 sources 
of antitoxins are presented in Table 111. The 
patterns of inhibition for the different anti- 
toxins were quite similar. 3 type A cultures 
(Hall, CAA, 33), for example, specifically 
inhibited hemagglutinations with A antitoxins, 
although the results with CAA and rabbit 
anti B were equivocal. Cul4mes 297 and 
1 156, although of considerable toxicity, failed 
to inhibit hemagglutination with the 3 A anti- 
toxins. These inhibitions were repeated nu- 
merous times with essentilally the same results. 
All B cultures with sufficient toxicity (Beans, 
770, 1541) gave significant and specific in- 
hibitions with B antitoxins. Culture 41, which 
was of extremely low toxicity, did not inhibit 
eilther the A or B systems. This is in agree- 
ment with the limits of sensitivity of inhibi- 
tions that were estirblished previously( 4). 
The possible significance of these data will 
be discussed. 

Specificities and serological relationships 
among types A and B toxins and antitoxins 
were further studied by micro-ouchterlony 

TABLE 111. Hemagglutination Inhibitions with Botulinal Cultures. 

Fold reduction in titer” \ 

NCDC equine International 
Rabbit antitoxin antitoxin equine antitoxin 

Culture, type LDJ0.25 ml A B A B A B 

Hall, A t  
CAA, A 
33, A 
297, A 
1156, A 
Beans, Bt 
770, B 
1541, B 
41, B 

14,000 , 

.6,000 

6,000 
535 

6 , W  

10,000 
790 

6 

>512 
64-1 28 
32-64 

2 
0 
0 

2-4 
0 
2-4 

2 
4-8 
4 
4 

2-4 
>512 

128-512 
256 
2-4 

>512 
32 

16-32 
b 2  

0 
0 
2 
0 
2-4 

2 
2-4 

2 
2 

0-2 
>512 
128 
256 
0-2 

>512 
32-64 
64-128 

0-2 
0 
0 
2-4 
0 

0-4 

2 
2-4 
0-4 
@4 

0 
>512 

128-512 
64 

0-2 

* Eight-fold or greater reductim in titer is mnaidmed m specific inhibition. 
t Straine employed in previous hemagglutinations(4). 
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FIG. 1. Diagraanmtic representation of gel-diffusion macthns of types A amd B rabbit 
anaoxhs  and their c-nding Coxoids. A, rabbit A antitoxin; B, rabbit B antitoxb; 1, 2, 3, 
B tomid; 4, 5 ,  6 ,  A tmoid. 

gel-diff usions. Fig. 1 presents gel-diff usion 
patterns obtained with rabbit hypes A and B 
antitoxins and A and B toxoids. The toxoids 
were from the same lot used in HA. Type 
A antitoxin produced 2 lines with its homolo- 
gous toxoid, the innermost of which showed 
identity with B toxoid. Type B antitoxin, 
on the &her I b d ,  produced 3 lines with 
its homologous toxoid. The middle line 
showed identity with A toxoid. The inner- 
most line was quite weak and could not 
be reproduced with consistency. The line of 
identity between the heterologous systems is 
probably due to the Bemagglutinin referred 
to by Lamanna and Lowenthal(2). NCDC 
and International antitoxins gave reactions 
similar to those of rabbit antitoxins, although 
they were weaker. The innermost line with 
rabbit type B antitoxin could not be produced 
with the NCDC and International antitoxins. 

Supernatant fluids from the type A cul- 
tures employed in the inhibitions in Table I11 
were also examined by gel-diffusion against 
rabbit type A antitoxin (Fig. 2 ) .  The A toxoid 
as well as strains CAA and 33 gave identical 
reactions. No lines were observed with cul- 
tures 297 and 1156 even atter numerous ratios 
of culture and antitoxin were tested. The 
precipitin reactions, then, are in agreement 
with the HI data for these cultures. Although 
not shown, the Hall strain produced results 
identical to A toxoid. 

Rabbit type B antitoxin and the B cultures 
used in H I  were also examined by gel-diffusion 
(Fig. 3). Culture 770 gave 3 bands, a re- 
action identical with that of B toxoid. Al- 

though not shown, Bean strain also gave this 
type of reaction. Culture 1541 produced 
only 1 band, the innermost, with B antitoxin. 
It is possi'ble that this is the system involved 
in HA and HI, since 1541 was an effective 
inhibitor of HA. Culture 41, which was vir- 
tually non-toxic and non-inhibi tory, produced 
1 precipitin band, which corresponded to the 
hemagglutinin-an ti-hemagglutinin. 

Discussion. In  general, the behavior of the 
mbbit, NCDC equiae, and International 

FIG. 2. Diagrammatic representation of g e l d -  
fusion rwtians 04 type A rabbit ar,titoxin and type 
A botulinal culture fluids. A, rabbit A antitoxin; 
1, cukture CAA; 2, 5, A toxoid; 3, cukw 33; 4, 
culture 1156; 6, culture 297. 
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W 
FIG. 3. Diagrammatic rapresentation of gd-dif- 

fusion reaations of type B rabbit antitoxin and 
type B botulinal culture fluids. B, rabbit B d- 
toxin; 1, oulture 7 7 0 ;  2 ,  4, 6, B toxoid; 3, 0uhtus-e 
1541; 5,  culture 41. 

Standard equine antitoxins was quite similar 
in HA, HI, and geldiff usions. The cross-reac- 
tions observed in HA and gel-diffusions were 
prvbably due to the hemagglutinins present 
in A and B toxins, which have been s h m  
to be antigenically similar ( 2 ) .  The V i f i c i t y  
of the HA reactions suggested that the hem- 
agglutinin was not the most significant anti- 
genic component of the Itoxin molecule. The 
patterns of HI and gel-diffusions with type 
A toxins indicated that the in vitro serological 
specificity of A toxin was not associated with 
neutralizing antibodies. Type A culjtures 297 
and 1156, for example, did not inhibit HA 
and failed to precipitate with type A anti- 
toxins in geldiffusions. This cannot be at- 
tributed to low toxicity of the cultures, since 
297 was as toxic as cultures CAA and 33, 
both of which inhibited HA and formed 2 
bands in geldiffusions with A antitoxins. 

The data on HI with B toxic cultures did 
not eliminate the possibility that neutralizing 
antibodies played a significant role in the HA 
reaction, since HI was obtained with all of 
the moderately to highly toxic cultures, but 
not with 41, which was of extremely low 
toxicity. Type B cultures Bean and 770, and 
B toxoid produced 3 lines of identity against 

B antitoxin. Culture 41 formed only 1 line, 
which corresponded to the hemagglutinin-anti- 
hemagglutinin shown to be of no significance 
in the HI reaction. Culture 1541, which was 
highly effective in the HI reaction, formed 
only 1 line of precipitate in the gel-diffusion 
test. This was the innermost line which 
showed identity with the innermost line of 
the other cultures that were effective in HI. 
It is possilble that the innermost line repre- 
sented the significant system in HA. Data 
presented here did not indicate its definite 
relationship with the toxic moiety of the B 
toxin and the neutralizing antibody. 

Supernatant fluids from cultures of a non- 
toxic variant of the Beans strain of C. botu- 
linum inhibited B toxoid HA (H. M. Johnson, 
unpublished data), when reagents employed 
in an earlier study(4) were used. Some recent 
cultures of this non-toxic variant were found 
to have no effect on the toxoids and anti- 
toxins that were used in obtaining the data 
reported here. Unfortunately, the reagents 
employed in the earlier study are no longer 
available. Studies are continuing with other 
non-toxic variants in an attempt to explain 
this phenomenon. 

Botulinal toxins purified in the manner as 
described for the toxoids used in the present 
study consist of toxic and non-toxic fractions 
( 7 ) .  Recent studies have been conducted to 
isolate the toxic fractions. Gerwing et al( 8,9), 
employing chromatographic techniques, iso- 
lated toxic moieties of molecular weights ap- 
proximating 10,OOO from types A and B, 
C. botdinum cultures. Boroff et &(lo) em- 
pIoyed chromatographic procedures for the 
fractionation of crystalline type A toxin into 
a highly toxic moiety of molecular weight 
128,OOO and a feebly toxic moiety that had 
a sedimentation coefficient of &, W = 13. 
It would be of considerable interest to observe 
the in vitro serological behavior of these toxic 
substances. Such studies might result in the 
improvement in correlating data obtained by 
in vitro and in vivo procedures. 

Summary. Rabbit, National Communicable 
Disease Center (NCDC) equine, and Interna- 
tional Standard antitoxins to types A and B 
botulinal toxins were compared by passive 
hemagglutination ( HdA) , hemagglu tination in- 
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hibition (HI) ,  and gel-diffusion. The HA 
reactions in general were quite spedic, al- 
though cross-reactions were observed. The 
extent of cross-reaction was greater with B 
antitoxins and A botulinal toxoid-sensitized 
red blood cells. The different antitoxins be- 
haved similarly in H I  and gel-diffusions, 
though the reactions of the NCDC and Inter- 
national antitoxins were weaker than those 
of rabbit antitoxins in gel-diffusions. Hemag- 
glutination inhibition and gel-diff usion reac- 
tions with ~bxic  cultures suggested that the 
in vitro specificity of the A toxin-antitoxin 
did not involve neutralizing antibodies. Hem- 
agglutination inhibitions and geldiff usions 
with B toxins did n d  resolve the question 
of the involvement of neutralizing antibodies 
in in vitro specificity, since fairly toxic cul- 
tures inhibited HA and formed bands believed 
to *be associated with type specificity, whereas 
a virtually non-toxic B culture neither in- 
hibited HA nor formed a line of identity with 

the type specific systems in geldiffusion. 
~ ~ ~ ~~~ 
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Thyroid State and Vascular Reactivity in Rats.* (32589) 
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The assumptian that changing the thyroid 
state alters the responsiveness of the organism 
to catecholamines has been prevalent for many 
years ( 1 ) . Alrrterial blood pressure studies have 
suggested that the vascular responses to 
catecholamina, and perhaps to other agents as 
well, are d a n c e d  by hyperthyroidism and 
diminished in hypothyroidism( 1,2). H o m e r ,  
recent reports indicate that the responsiveness 
of myocardial and vascular smooth muscle to 
catecholamines may not always be augmented 
by hyperthyroidism in dogs (3,4). 

The following studies describe the effects 

* Supponted in ,pant by USPHS gmnts: HE 10521- 

t Summer medical student fellow supported in put 

$Recipient of USPHS Research Career Develop- 
ment Award 5 X3 AM 5928 from the N ~ t i ~ n a l  In- 
stitute of AItthritis and Matstbolk Diseases. 

01, HE 05435-P8, HD 2200, and FR 05425. 

by USP8H.S g m t :  HE 5703. 

of altered thyroid state on the sensitivity of 
rats to the vasoconstrictor actions of nor- 
epinephrine and angiotensin. Changes iln 
vascular resistance, independent of changes in 
systemic arterial blood pressure, were es- 
timated usling an auteperfusd hindquarter 
prqxra t ion. 

Materials and methods. Male Sprague- 
Dawley rats (initially weighing 2 0 0  to 250 g) 
were used in this study. Hypothyroidism was 
produced in 9 rats by radiothpidectumy 
(850 ,pc Na1131 I.P.) at le& 2 weeks prior to 
the experiments. These rats were fed a 
Rmington iodine deficient diet for 1 week 
prim to radiothyraidactmy and F’unina Lab 
Chow thereafter. Rats of other groups were 
similarly fed the iodine deficient and then the 
standard diet. ,4t autopsy, no functional 
thyroid tissue could be detected histologidly 
in these animals. Hyperthyroidism was in- 


