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The folloeing repuvt summarizes the L2l work completad nnder
Contrast DA 16-035-ART-143LA) threough 30 April 1967, Althuugh 0
ty the work is currently beisg continucd
in the Neurotoxicology laboratory of Pennsylvania Hospital  Subsequent
reports on unsupported work will be forthcoming.

Studies have bsen made on the binding of Botulinus toxin to iis

presum d sites of action; .n the absozption of the toxin from various

"

rase af v ~ondeeimicgliies tracc) and on tnose phvsical and chemical

properties of the toxin which are relevant to its node of action. This

b

final report does not present sxperimental details bui is 2 summary of
the results obtained in the various stages of the investigation. Previous
reports submitted during the period of the contract contain detailed
accounts of the experiments performed and th. results obtained., The

swst of thesc reports wes submlited up to Pecemsr of last year an! the
contrazt ran for a further 6 weeks. Work carried out in this parizd will
be included in a later report.

Section I deals with an attempt to confirm the specific binding of
toxin'at the neuromusculsr junhtion by use of fluorescent labsllied loxin
and antitoxin., Sectiong III and IV summarize the regults of studies in
which very smail doses of Botulinum A toxin were used to produce either
a chronic general:.zed Intoxication or a localized paralysis. In these
"mild" cases, the pariod of intoxication was of the order of days and
hente we looked particularly for ultrastructurai ch;nges in the neuro-
srascular junction which might be expected to develop in a lony term
neuromugcular defect. In gectlion V, we report our studies on the sgbsorption
of Botulirmm toxin from the glttrointastinal'tract. Thege studles were made

on direct wvigualization of fluorochrome labelled botullinum toxin and we have

been zble to show that toxin is epparently absorbed from the oropharyngeal cavity.
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o0 Vitge Binding of Flucrascers Labo led Botull s & Toxin and Toxin

e fme’~r gltes of binding of fluorescein or rhedamine lahelled

botulinus tuxin eccurred im stristed muscle where e Lizzolemma was

stalned and feocal pitches of fluorescence consictent in siie and shape

milionetor endplates were observed. The central nervous system and viscera

felled to bind the toxin unéer the conditions employed. 1In small lintestin-,

structures congsictent with sympathetic or parasympathetic ganglia were

llco_stained.‘ labelled fractions prepared from dissoclated toxin (M.W, 77,000

to 150,000) whowed soms staining of ecentral nervous system as well as staining

of motor endplates. In jndirect experiments utilizing fluorescein labelled

botuiinus gptitoxin, no binding sites were obgarved in the central nervous

syétem but motor endplates were prominentily and'seiectively stained, Studies

performead with femitin-labelled botulinus toxin fructions showed ‘ocalizatien

within the subneural apparatus as previously observed with botullinus B toxin.
From these studies, it Is clear that there is selective in vitro and

i viye bimding of botuiinus toxin in motor endplates. However, the

limitations of resolution with fluorsscence micrescopy did not permit. us

to distinguish a precige site of localization. Work currantly in progress

utilizing a2 new method based on paroxidase labelled antitoxin should halp

us to decide if terminal axcn or subneural spparatus is the major site of

toxin binding.

Feuromusculax Junctien,
A diaco' ary of Savay end Csillik (1948) that lead was selectively bound

in the neuromurcular junction has been confirmed by ourselves arnd other
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investigators. 1t =zsems l::ely that the anifonic sites that bind lezd in
this type of experiment ire related to the specific properties of the

Junctional membranes. In a series of esxperimants tasting the effect of
botulinug toxin on the binding of lrad to sandplates, no ziterations ware

found.

ITT _Covonic Potij iiva 0 X ied s

In a serie; of experiments with groups of mice, minute doses of
botulinus torin were ini=cted by variows routes. The animals were observed
for up to 20 days during wh!cﬁ a syndrome -of severe generalized wo.kness
occurred. Muscles from these animals were studied after perfusion with
glutaraldehsde in the electren microscope. Even after 16 tc 20 davs, no
changes in the neuromuscular junctions were found although non-specific
thanges were cbzerved In the mitochondria of the skelatal muscie. These
changes are tentatively attribgted te anoxia rather than to a specific

, s 3 3 - = - pryg. -l X - TP T [
I ine Toyin, fnpe the “Chemical dendivallon’ produced Dy

botulinus toxin does not result in cegenerative changes in endplates such
as those seen after nerve section,

In gnalegy with the situstion with tetanus exotoxin, it was found that

injzction of minute doses {0.00% gamma in 1 ml.) directly in'o gastrocnemius
miscle of mice produced’a syndrome of local betulinus intoxication. These
animals showed localized paralysis that Qas raximally devoloped in 4 to 6
days after injection, By 15 days, recovsry of muscle f.nction was observed,
Ultrastructure studies of these muscles showed nig abnormalities in the
motor endplates. This reversibls uhenomenan iz of congidsrabls lnterest
and is worthy of additional investigation.
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dgsdntant Animalsd

During the studies with micé, we &iscovered that in any batch of randomly
brad white mice, 5 ¢ 12 of the seimals showsd 2 remarkable resiztance to
botulinug toxin. These animals lived 20 4c 20 times longer thasn the other
sxperimentesl animals in the grovp and soms survived indafinitely. DBreeding
through 5 generations of mice which had survived a toxic dose yieided a group
»f gnimals large encugh to be tested against & cuntrel group fir the peossible
presence of acguired resiszance, It was foumnd that unlike the original group
nere of the =5 genaration had total resistance te the toxin although the
control group of 100 mice €id have mombers showing resktance. Howevar, the
mean death time of the experimental group was slightly higher tha~ the mean
deatn time for the control group when animals surviving more éhan 10 times the
"mean were sxcluded. These result we have previously reported. The possibility
arises that a pumber of gesnes are responsible for resistance and that Inter-

breeding has digpersed these qenes among the whole group. The possibility of

a resistance strain in mice is intriguing and might perhaps be made the olLject

of a future study. These resistant mice would be of considerable value in

s‘udying the jasic physiclogy of botullnus intoxication, '

Y. Absorptien of Botulinus Toxins 4
In 3 séries of experiments with Tiucrescein-igbeiied botulinus toxin, we

found that the toxin was rapldly destroyed in the stomach. Abscrption could

be traced in the oropharynx and proximal 'small intestine In the intestine, 5
fluorescein-labelled material was seen batwemen the epithelial qalls and in the
submucosyl lymphatics. Theres was no evidence of 2 pinocytotic transjort of the

protein. Further studles schowed that "stomach tube” experinnnis were frequently
invalidated by the merked regurgitation whifh occurred leading, in our opinion, 1 J

to significant oropharyngexl absorption. }t may be that the feedino hibits '

of intoxicated huma.s may bear importantly on the degree and severity of

e
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intexication,  Thi; oroblam has cuzzled py svious workers because Individuals
eating sprarently comparat ie amounts of contaminated food have chown markad
vartatios n their sensitivities to intexication,

VI: Phyelical and Chemical Expeximentss

Under this heading we Include sxperiments of tna bicassay of the toxin.
Our original Intent was to fractionaite the crystalline toxin fellowing previens
msthods raporied by other workers and to obtain {rom these fragments spacific
mrlecular units of conaistent size and toxicity which could then be used for our
studies., The use of polydisperée tox in makes it more difficuit to follow ithe
pathway of the melecule In the development of intoxication and makes analogles
between the naturally occurring .ntexication and the experimental situation

difficvlt,

Congiderable time was therefore spent on column chromategraphy using the

va;ious grades 0i Sephadex and a variety of electrophoretic tecnnigues in order

to define a particular molecular unit which we then intended t¢ use experirmgntally.
This attempt was unsuccessful. In brief summary, we found that although any

given technique would yleld an Identical fractionation of the toxin when applied
under standard conditions of pH and feonic strength, eny further hanéling of the
toxin would alte:r the relative proportion of the components, F:c% ¢ rats of
elution of such components from Sephadex columns, we found that the range of

mlecular sizes for toxic botulinum A molecules is from perhaps 5 to 10 thousand i

up to somewhere of the ordar of 800 thousand to 1 mlllion. Furthermore, these

molecular fragments gppear to exist in a dynamic eguiiibrium with each other,
Application of immunoelectrophoretic techniques, comparisons of toxicity amd U.V.

absorption at 280mp, and e=leiirophorstic separation of flucrochrome labelled toxin

$rzgments (for all of which experimenial details have been previcusly given)

led us to the conclusion that not only were these molecular components in 2

state of dynimic equilibrium but the - were zlgo, in their toxic‘and labelling



i ffeyent, Ouchtalony plate studies show no
toving gne comnercially produced antitoxins
e correct toxin/antitoxin pair.

sl beinlinue texint
sxway the binding of botulinum toxin to brain
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% out . seriey of exneriments in which the toxin

ey

+tions with and without suspended homogenates of
‘r= experiments showed that although little toxin
cier Incubation with tissues, the decre;se in
i: the control vesgels, Thus, the presence :f

1o be protective of toxin rather than responsible
utien, A geries of experiments was therefcre’
~iarify the nature of the louss of toxicity in
. face denaturation at gasfliquid interfaces was
.= tive of the natura of the gas., However, it
- the denaturation, particularly in dilute solutions,

..0f the toxin on alass surfaces. In a serles

e - -siously detalled, we have ghown that the
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‘2ces in large amounts and that this binding
~2ing at a minimum at pH 5.0 - 5.5, that is, at
he toxin,  Sipce such binding is electrostatic

. residual chiarges on the surface of the glass,

aw impeortance of salt linkages in the physical
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‘the prepai=tien of solutions for the tes*ing of toxicity ¢ir.e it places
& limitatinn of aceurscy on meihods empii ving se-I.1 dilutions. Further
axperiments showed Liat albumin will priveont fne iess or foricity ai
all pe tested but is, of courss, most effective at the iso-electric
poirt, Wa do not find any positive or negative synergistic effects

between the toxin and the albumin and beslieve that it is as affective

as gelatin as a "protective" addition to sol: tions of toxin.




