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I. PURPOSS

During the past war, crystalline botulinus toxin,
tyre A was developed as a bacterial warfare wsavon.
Statements have bezsn made thzt tihe use of botulinus
tcxin as a wearwon could be as effective as an Atom
Zomb asg far as destruction of hunans 1s concerned.

“Yany met:iods of dissemination are cozsille such
as dusting cver heavily populated areas and con=-
tarinating water reservolirs a~d water distribution
gystaise.

Inasmuch as there 1s 1little data available on tae
destruction of botulinus toxin in water an exploratory
'study of chemical and physical met:.ods of destruction

an eared advisable (1). If 2 creaical met.od of des-
truction could be evolved t.:at would fit 1Into a2 water
treatment yrocess, prevantlve measures would be

vossible In case ¢f ensny attack.



II.
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The crystallization ana ilsolatlion of tyre A toxin
was accornpllisned simultansously and indeencently by
two different groups c! wcrkers. Lamannz et. al. (2,3)
revcrt=d crystalline toxin with an LD5O cf 235.9 x lO6
per millizsrzan of nitrogen. Toxin preocred by Abraas
et. 21l. (4) ccntained 220 x 10° M.L.D. cer milligran of
nitrczen. zota toxins, pr=pared by different met-ods,
met tne usuzl criteria cf -rotela purity.

Botulinus toxin 1s 15,000 timz=s as active on a welght
basgis as the most texic drug known, zcoritin, and a mole-
cule of toxin is 200 million ti:es as tcxic as & molecule
of tae druz (5). The .L.D. for a 20 grax mouse 1s
3 x 10711 grams cf crystalline toxin, ard if zen is as

e tae mouse, 0.25

]

susceptirle on a tody wei_ut bzeils
microsrans of the pure toxin wculd kill a 70 xilo_-rax
man (6). rinally, to ex-ress its activity in terus re-
cently used by an officilal cf an interrational health or-
zanlzaticn, seven ocunces clstributed prorerly weculd kill
tne entire ponulaztion of the werld (5).

The toxin molcculs nas a mecliecular wesi ht of 900,000.
This brin:s up the questicn: how doss this toxin injure
tae tissues of hizher animsls? Cheilcal analycsic huos falled
to answzr tals gqussticn. The toxin 1s made up ol protsins

connosed of tuz e-we anino acids found in tae nors-l tissue



proteins of tne host itself. 1In tne case of tyce A bot-
ulinus toxin, a comzlete anino acid analysis has resvezled
no unusual chemnical groupings tnat mizat nrovide a clue
as to why 1t 1s tcxiec.

The calculated element:ry Icrxula cof t.e toxin is:
Cuo,208 62,679 Y10,472 912,674 Fi5-17 S123°

Its amino acid comocsition 1s represented by tne ex-
pression:

Glycinel66’ Alanine394’ Valine4o6, Leucine708’ Iso-
lsuclinegpyg, Prolinepys, Phenylalanine64’ Cystine SHQO’
(Cystine S-)4o’ Yetalonineg, = Tryptophanegy — Arglninepsg
Histidine6o, Lysine477’ Asparagin9137o’ Glucine953’
Serineso,  Threonlnegy,s — Tyrosinegra (7).

Comparlison of the effects cf botulinus toxin and
curare (8) has appeared in the literature for many years
but Fuyton and “acConald (6) have recerntly presented work
walch indicates t-at its action 1is differznt from taat of
curare. :~cetylcnoline and nicotine injected intra-arteri-
allyAstill caused contraction of the muscle after btotullsa
poiscning. Wita curare polsoning such 1s rot tne cace.
This indicates 2 fundamental difference betweern cur:re
and wotulinus tecxin. Ziidence 1s pres:znted wailca indicates
that tae principal action of botulinus toxin 1s probatrly
at tae myoneureal Junction, thous.: possibly in tue tirminzl

nerve fibrils.



About tne treatment of botulism polsoning Guyton
and Maclonzld (6) said,

"Treatment of botulinus poisoning consists

of mzssive doses of antitoxin, the use of
artificial respiration and in czses cf ssvere
polsoning, tne adninistration of vasoconstric-
tor druzs. The fact that polsoning lasts for
many months makes the results of such treat-
ment discouraging. The use of artificial
respiration for several months or longer 1is
not practical, and if a patient 1s polsoned
sufficiently to require vasoconstrictor drugs
he will probably die anywaye. The only real
salvation seems to be the early use of antl-
toxin in doses greater than 100,000 units of
multivalent serum. Thougn antitoxin has been
shown to be of value for gulnea pigs as long
as two days after polsoninz, 1t 1s still true
that its effect decreases exponentially with
tinre. One must renember t.::at once toxlin has
reacned the nerve endin; and produced its
damaze tnls action is irreversible for many
montas."

Lamanna (9) observed that type A botulinus toxin will
cause hemazglutination of a red cell suspensicn. After
this work was published many belleved that this method of
determining toxin activity would rerlace the experimental
animal. Since then Lamanna (10) has found a lack of iden-
tity between hemagzlutination activity and toxicity of the
toxin.

There have been previous reports in the literature
of attempts to inactivate tie toxin. Abrams (4) found
that at room tempsrature the toxin was most stable between
p? 1.0 and 6.0 wita maximum stability between pi 4.0 - 5.0,
wnile above pd 7.0 the toxin was rapidly destroyed. He

found also tnat a temperature cf 60 C. at pd 5.0 was



sufficient to destroy its activity. Thelr metncd was

most pecullar in that they treated the toxin wita form-
&lin for one hour at room tempzrature and t.en refrig-
erated 1t for 13 hours bzfore tzsstin;. Samples treated
with hydrochloric acid were koert at room tcrperaturs for
one hour and a half and t.en refrigerated for 18 nours.
This may have been done because they were testing
henagslutinating activity of the toxin as well as toxicity.
Jude et. al. (11) reported on taeir efforts to inactivate
tne type D botulinus tcxin. Tygse D toxln was sensitive to
potassium periansanrate, to an orginic form of locdine, and
a quaternary ammonium derlvative.

Sellinger et. al. (12) reported that after stending
for 12 hours at 18 C. neither patulin, streponmycin,
penicillin, hydroqulnone, benzalacetonetilosemnicarbazcone,
patulin thiocsemicerbazone, 4-formylantipurine thlosemi-
carbazone, antihestimic drugs nor vitamin D2 had any
effect on the botulinus toxin. The oxidizing agents
potassium permanzanate and a solution of elementary bro-
mine in distilled water nsutralized tals toxin while
quinone, quinhydrore, and hydrogen peroxlde as well as
aldenyde compounds failed to do so. Of the numerous dyes
tested, only crystal violet detoxified totulinus toxin

after one hours czomtination.



A recent comnunication by Littauer (12) indlcates that
five percent ccprer sulfate and silver lons were used
with no adverse eifscts on the tyce A toxin. Potassium
lodomercurate in concentrations o:f one znd two-tentins

percent caused inactivation.



ITI. MATERIALS AND MZITHCDS

A, Medlium and Crganism

The work by Lewis and Hill (14) has szuown that
clarified corn steep liquor (two-tz=nths to four-tenths
percent total solids), two psrcernt powdered skim
milk or one-half percent casein (tecnnical grade),
two-tentas to six-tentiis psrcent comnercial grade
glucose (cerilose) at a pq of 6.8 to 7.5 glves a high
yield of toxin. This medium 1s inoculated witih two
percent of an actively growing culture of the "Hall

strain" of Clostridium botulinui, type A, and in-

cubated at 35 C. for 43 to 72 hours.

Experlmental Animals

The mouse was cseclected because of 1ts sensitivity
to tne toxin. The mice used were from 15 to 24 grams
for prelimincry work and 18 to 22 graams for fincl de-

terminations.

Dosage
Five-tentns of a ml. inoculated intraperiton-
eally was used because 1t is bteslleved that this 1s

the most seansitive method for determining toxlicity.



D. Dilution of Toxin fcr Injecticn
A buffer made up of two-tenths percent gelatin
vhosphate solution adjusted to pH 6.5 was used in
the early exneriments. In tae later experiments all
dilutions were made wilta sterile distilled water be-
cauge under the conditions cf tarese experlaeats no

appreciable lcss in texin titer was observed.

E. Toxlicity
The toxicity was detsrxzined on a LD5O basis
rataer tnan the M.L.D. because 1t is statistically
more valid (3). Eight aninals were used at a given

point but fcr preliminary work three animals were

uged. The animals were checksd dally for five days.

F. Time of Contact of 4Lgent wit: Toxin

All iractivating agents except tne metahylene
blue chlcride, ultra-violet 1lisnt, and lon-exc:ange
resins were allowed to reziin in contact wita tie
botulinus toxin fer 30 minutes at room teamp.rature
(22 - 25 C.). Samples that were treated with calorine
were kept at room temperature for 30 minutes with
enouga chlorine to give a solution tnat nad & no
chlorine denznd, then they were treated wita the
experinental dosage and allcwed to stard for 30

minutes.



In all experliments excent with the use of active
carbon and lon-excnange resins the caemlcals were
added to 10 ml. of toxin-water sclution.

To 100 ml. of toxin-water sclution active car-
bon (2ctivated caarcoal) was added to give the desired
concentrations. The solutlion was suaken in a diluticn
blani 25 tires, tien poured into centrifuge bottles
and centrifu;ed at 100 x G for 30 minutes.

Methylene-blue chlecride prhotodynamic efiect was
deternined by exposing tae toxin-dys solution in a
Bloassay Petri cdish to a 200 watt electric 1li_ht
bulb at a distarnce of 15 centimeters for 15 zinutes.

T-e ultraviolet 1izht (General Electric Zermi-
cidal Laap - 15 watts) was plzced two centimeters
away from the tcxin in a FElocassay Petrl disa and
was exXxrosed fer reriods of cne and ten minutes.

Tne column teciinigque was ussd for mocst ol tue
ex.erlmznts wita icn-exciar e resins. T.irty groas
of resin was pleced in tie coluxn &nd then resgeaerated.
The resin was t:en was:ed well with water to get rid
of tne excess regererant. The toxin-water solution
was tiaen poured turou_h t.as cclumn very slowly.

In the batca tecanique 10 groms of resin was re-
generated, tuen wasaed well with water, and all of the

excess water poured off. The toxin-water coluticn



was added to the resin in a dilution blank -nd then
shalien 25 tines. The suprcrnatant was withdrawn for

A

testing after 15 minutes.

Controls
All chemical compounds were tested intrareritone-
ally tne saie as tae toxine. Jontrocle were allowed

to stend for 30 minutes ard the hi;;aest concentration

used In tie exweriment was used as a control.

Calorine Leterminations

Concentrations of tie cilorine scluticns were de-
ternined by the amrerometric msthod cf titration (15).
Caleorine demand of tue toxin was found by tie Ortno-

Tolidine-Arsenits Test (16).
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Tae first caszlcz2l ziven censiderction was culorine te-
cause it is beinz used in tils country for treatlisg miny water
upclies. Tarlss I, IT, and III shcow that it weculd taize 200
ppm to inuctlvote toe te:xin, Thls would te too muca chlerire

to use In watsr trecctrent.

Tctassium noruanomate was th2 rext chieriesl cersidaired

ect. I ny of tie ccurournds cculd ot be used in trsating
watar tacaucs ol texleliy «nd thc olaces could net be uced
until lorns term texicities were dstcoruined.

Tablzs I, II, ard III indliccte t.ot IJcrrnaldsiycde et

200 pon ¢id not incctivite betvlinus toxin.

t
[y
O
l
[
v
[{1]

The rest:lts i» Iaklsc I, II, ard II7 rzvezl tlo
2t 10 vrm ket cone effesct cen 300 LISO s cnd 1C7 pam luncctivatzd

150 L s but 50 rra dld rot innctivots 20,000 LLsy's.

™ 1
A —
50
wnils Iznls I descnostraics tort Lcceal iractivated 150
IC_'s 1t trrasd thz texin-waters golution miliy.
indicutzz t.zt 10 “vm o uo effsct on 520 LIgp's. 1uble III

dizeloges that 200 pon of Loccel wes toxi: for the mou.e.

Teble IV coows bt zets rre-icliciene (20 2o ) =4 1o

s ¢’ tonin.
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Table VI
zffect of 400 ppm of Beta-Fropliolgctore on 10,000 Mouse LL5O's

Tilution
of Sarrle 1071 10-2 103 10-4
Ceaths 3/3 3/3 3/3 3/3

Eeta-Frorliolactone was of interest because 1t nas been
saown to be erfective agalinst bacteriz and viruses 1in nlasnwa
and blood (17). It is an acylating agent possessing a low
dezree of texicity (13). owever, 1t nz2d rno zctivity aza’rst

t-.e toxin at the coircentraticn used in t:.ess experlusnts.



Toole VII

Photodynimlc aifect of lletiylene Zluz Jllcride on 10,000
louse Ligg's

setngylene “lue Jlilceride 1:52,C00

Dilution 1 - J
of 3ample 10~ 107< 10-2 10~

Deaths 3/3 3/3 3/3 0/3

methiylene Zlue J.aloride 1:100,000

Cilution )
of Szawle 1071 10-2 10™3 10-%
Leatas 3/3 3/3 3/3 3/3

l.etnylene blue ciiloride was saown to be capable of ine-
activating tetanus toxin by an oxidatlon phencmenz (139). It
snowed a sli:sht effect against botulinus tcxin at a concen-

tration of 1:2,000 of tns dye.
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Tatle VITII

Effect of Active Zarbon (iqua Luchar A) con 5,012 ouse LD,O's
-~

70 prm of Letive Carton

Cilution
of Sarrle 109 10-1 10-2 1073
Lea“as 3/3 3/3 3/3 3/3

140 ppm of Active Carton

Dilution
of Sacnle 10° 10°1 10-2 10-2
Deaths 3/3 3/3 3/3 3/3

Under tue experimental conditions active carbon did

not remove any of tae bctullnus toxin frca water.

The use of active carbon was of particular interest be-
cause it 1sg used 1in soue watsr treatamsnt plants to renove

particulate matter a.d excess culorine.
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Table IX

Lffect of Ultraviolet Light on 1,000 louas LDBO'S

One Lilnute ZIxrvosure at a Distznce of Two Centlrneters

Dilution
of Saaple 10° 107t 1072 1072
Deaths 3/3 3/3 3/3 3/3

10 Minutes Zxnosure at 2 Dictance of Two Centimetlers

Dilution
of Somple 10° 1071 10-2 10-3
Deatns 3/3 3/3 3/3 3/3

Ultraviolet 1i:ut was used because 1t was tiought 1t

might denature t..e »proteln but 1t aad no apparent eiiect.
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Table X
Effect of Fassins 100 milliliters of 1,000 liouse LD5o's of

Toxin Tarouzan 30 grcoms of Strony 3ass wxchanse hiesin=-
Hydroxy Form (Amberlite XE2-98) in a Column.

Dilutlon

of Sarple 100 10-1 102 103 10°%
Deaths 0/3 0/3 0/3 0/3 0/3
Tabls XI

Effect of Passing 100 milliliters of 10,000 liouse LD O's of
Toxin through 30 grams of Strong Base Excaange Resln=:Hdydroxy
Form (Amberlite Xi-98) in a Column.

Dilution
of Sample 10° 10°1 10-2 10-3 10-4
Deaths 0/3 0/3 0/3 0/3 0/3

An anion exchange resin was repcerted by LoGrippo (20)
to absorb the Lansing strain of the Pollomyelitis virus

and Theller virus (TO).
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Final Results

Table XTI

Effect of Passing 100 milliliters of 10,000 Mouse LD-O's of
Toxin Throush 30 graas of Stronzg Base Ixchange kesin-idydroXxy
Form (Amberlite XE-98) in a Column.

Dilution 5
of Sample 100 10-1 10~
Deatns 0/8 0/8 048

Table XIII

Effect of Using the Batch lethod of Ion Zxchange on 100 milli-
liters of 10,000 ifouse LDgn's with 10 grams of Strong Sase
Anion Exchange Resin-Hydrgxy Form (Amberlite XE-98).

Dilution 0
of Sample 10

Deaths 0/8 1/6% 0/8
* Not a typlcal botulism death

10-1 102

A strong base anlon excuaanser used in the hydroxy [lorm
proved to be successful in removing tae toxin frcam water.
Slnce stronz base anion excnange resins are used in water
conditionling for the removal of silica froa water fed to hish-
pressure boilers (21) tals should prove to be a practical

metiiod for removing tyce A botulinus texin fron a water supvly.



V. STOLE

l. A study has been n. ¢c of 2 nuubsr of creuiicals in an
attenpt to inuctivate Totullnus toxin ty.= 4. Lone of
tne c.enicals usad were sfiective in low encu. 1 ccn-
centraticos to e cof practicel value for use in tresat-
ing a water sup=ly because cf toxicity. Cialcrine was
cf rrinzry interest becouse 1t is used bty meny water

treatisut plants.

2. Zvicence 1= glven which indicztes that a stronz base
anion exchenge resin renoves type A totulinus toxin from

water.

5. Further research should be dons toc deteruine i1f ion
exchange resins could be used to ccicentrats the toxin
and purify it. T..e ccancentraticn of tae tcxin weuld
be helpful in detection 1n cazse of attics during war-

time.
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