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ooocetion with Dotulina) Toxin in tho

Oroanian

of White Mien

By: Z.P. PAC

znd T.I, BULATOVA

(Rccoived Dccoaber 23, 1961)

2.0, GRLISI’S Inotitute of Tpideaiology and Microdlology, Pharsa-
ccloziocal Dopt. (director: prof. V.V, VASILEVA), IId Moscow Stcte
Zedieal Institute, dedicated to L.I. PIROGOV; Tracing Labdboratory
(Cizcetor: prof. K.I. MATVITV).

(rcuclated by: Tiwerd Lachowicesz, Marylend, Medical-lLegal Foun-
datioa, Inc.,, 700 Flsot Stroet, Baltiwmoro, Maryland, 21202)

Up %to now the distribution of botulinal toxin in organism

has boon atudied with the aid of the biological teset (I.N. UOR-

GUNOV, 16.1; L.A. PEISAKHIS

, 1953). Ucuclly,the extractions of

roisonsd anicalo’ organs are gsdministored in various dilutions

to waitec mice and then, sccording to the rapidity of resulting

d:_.th, the quantitative capacity of the toxin is estimated in

exanined tissues.

But, the method of quantitative determination of toxin by

way of the biological test has a numder of disadvantages; it does

not permit to determime nonfatal concentrations ef toxin, It has

been estadblished that tissues of sose organs expghe the toxin to

a lasting pexis and $his hinders the oxtraotion "
cases the results 40pend largely ea the nethed

toxin., In such
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retion of tisswse (K.I. MATVERY and T.I. BULATOVA, 1948).

Ve used in our ourremt research a sulfur traser (l”) prepa~
ration with edded dotulimal toxin type B to study its distridutien
in the orgenisa of white mice. The preparation is commonly used
for exploratory research and in the production of amatoxin,

The tracer preparetion with toxin was formed with edamixture
of 335 asthicnine %o & medium selected for growing Cl. botulima
sulture,

S | Radicactive methionine was selected for tracing as the

starting product in sscordance with the idea that sulfur is a
coaponent of the dotulimal toxin’s molecule. Also, this saino
acid is always available in culture media used for growing bdotu- -
1isa bacteris. i

Bxperinental Method

1. Rredustion of the Sracer preperation with toxis. ve ssdes  ©
to S00 ml of casein-fungous medium 0.5% of glucose and 37 mo of
83%-wethionine, supplementing it with 10 ml of freshly grown
culture of C1. botwlimua type B, etrein No.175, and then we placed
this under thermostatio comtrol at 37°C. After 5 days of gerai-
nation, we filtered the culture fluid through a cotton-gause
filter and centrifuged it at 3,000 revolutions per ;umto for
20 minutes in oxder to liderate it froa sicroorganisms. Pollowing
this, proteic substamces containing botulinal toxinm precipitated
on the bottom after a 60% saturation with ammonium sulfste.

The f41la resulting froa preeipitation was diluted with 100
al of distilled water and then dialysed for seversl days in tap
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water and in distilled water at 16°%C in order to purify 1t from
low molecular tracer éombinations. The redicectivity of the
preparation decreased by 0% after dialyeis. ’

The second precipitation of the fluid toxin was sccoaplished

after & 40% saturation with ammonius sulfate., The sudbsequently 1
formed film that contained botulinal toxin wes passed through a ‘:
filter paper and left to 4ry at rooa temperature in a nnﬁ of
a maicroanserostat. Then, the dry preparation of the toxin was
pulverigsed in a mortar plaged in a special sanually operated bdox-
1ike receptacle and sfter this we detersmined the toxin’s titer
and 1its redicactivity. Thus, we odtained 30 mg of a dry mﬁ-
ration of the tracer toxin with the aotivity approximating | mo/mg.
The toxicity of the preparation eyualled 5,000 Dla (minimum lethal
doaes, . |

O , 2. Measurepsnt of redioactivity in tissyes. The experiments
were conduoted on )0 white mice, each weighing 15 to 18 ga., Alto-
gether we resclved 246 determinations. The toxin diluted ss a
.upiulon in 0,5 ml of physiological solution was edainistered
;ntunuuly in & quantity of 1,000 Dls per animal. This dose
corresponded to 71 »250 pulses per sinute according to radiocec-
tivity.

The anissls were decapitated at various time intervals in
order t0 measure the radicactivity ia their tissues, The first
group (1) mice) was killed after 20 mimutes, the second (10 mice)

- sfter GO minutes and the third group (9 mice) - after 150
ninutes. The latter time interval coimoided with a developaent of
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poor conditions in poisonsd animels, which was manifested by
infrequent breathing, paralysis of extreaities ‘m relaxation
of all muscles, Ve examined the following tisswes: Ddlood, dwrainm,
muscles, liver, kidneys, lungs, heart and intestines.

The suspensions of organs (50 to 100 mg) were tu.tmtu in
glass homogenisers with 0.5 ml of distilled water, them 0.2 ml of
homogenate were applied on a target made of aluminua foil. Pol‘lt.i'.;.
ing the 4rying of targets under thermostatic control, the dete
of redicactivity in B setting were acoomplished with the aid of
the end-type ommg‘ they disclosed the effectiveness of 833 at
approximsately 15 to 17%. The weight of dry sudstance on the target
surface of 2.27 ea® did mot exceed 10 ng. Consequently, She measure-
asnte were ascertained in a "thin layer of the substance” , where,
in actuality, s self-adeorption of radicactivity seemed very un-
lisely. The activity wae recalculsted per 1 gm of ram tisesue.

Resulte
The results of the inveatigations were presented in charte

as mean exponents (see figures A snd B). Bach point on the chart’s
ourve represcnted the arithmetical mean of 8 t0 11 deterasinations.

The experimental data imdicate that, 20 sinutes after adsinis-
tration of the tracer preparation with toxin, the investigated
tissues effectuated the radicactivity level expreseed in pulses/
ainute per graa in the following deocreasing order: lungs -'2.6903
liver - 2,2)0; heart - 2,107; kidneys - 1,586; intestines - 1,362;
suscles - 449; dreia - 429; dlood - 287,




A deocresse in radiosctivity was noted after 60 minutes in
the liver, heart, intestines, brain and ®lood. Ou the other hand,
the rediocactivity lovel advanced in kidneys and in muscles (see
tigure A).

a = activity of tissues in pulse/minute per gram; b amd 4 = time
in ainutes; o = concentration rate of tissue/dlood.

Pigure A and B - Rediocactivity changes in tissues, also concent-
ration rate of Sue in the organiem of white mice after
intravenous sdminiesration of tracer preparation with dotu-

"1inal toxin. A end B: 1 - dlood; 2 - breim 3 - muscles;
4 - xidneys; 5 - liver; 6 - intestines; 7 - liurt; 8 - lungs,

Prior to death, animals showed an inoreased oconcentration of
redicactivity traces in soas tissues (blood, heart, lungse, in-
testines) and a decrease in other (liver, musoles, kidneys) tissuss,

Thus, a redistridution of the tracer preparation with toxin
takes plece in sm orgamisa during intoxieation time along with @
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redistribution of any tracer products that aight result from the
toxin's conversion between various tissues.

The dynaaics of acocumulation of radiosctive tracer in some
tissues (blood, intestines, heart and lungs) represent per se a
curve with the lowest level after 1 hour. But, in other organs
(kidneys and muscles), we observed the highest level of radio-
aotivity after 1 hour., The comcentration of tracer gradually
decreased in the iiver (see figure A).

Unlike in other tissues, the capacity of tracer products in
the brain aotuslly did not change ufter 150 minutes. But, a Qory
low concentration of the tracer preparation with toxin was obd-
served in the blood. It was found that some positive dependence
existed between the radiocective level in the blood and that in
other investigated tissues, In modt instances the concentration
rate of radiocactive tracer in %i—%‘-‘- oceurred again with changes
in tae dynamics up to adbsolute concentration (see figures A and
B).

: Byaluation ef the Resulte

The measuresents of radiocsctivity in tissues proved that,
following the sdainistration of dotulinal toxin and yp to the
soment of animels’ death, the contents of rediocactivity in all
organs were consideradly higher than in the dlood, namely the
concentration rate exceeded one unit, This correlation implied a
quick penetration of the toxin from a blood streaa into various
tissues in organiss., And this, in turn, indicates that botulinal
toxin passes freely through cellular memdranes,




It is difficult to state to wha' extent a high pensetradility
oan bc'upoqitio with relation to the toxin in question, which, by

its nature, bappens to dbe s protein, As we kmow, cells of many

organs are generslly highly penstradble by homologous and hetero-
logous proteins,

The latter are detected in the cytoplasa aiﬂ in cellular
nuclei of the liver, also in nuclei of the central noron- systea
and in other organs, even in 10 minutes after. their intravenous
administration (COONS, LEDUS and KAPLAN, 1951), (HUROWITZ and
CRAMPTON , 1952).

The detected by us redistridbution of the toxin’s preparation
in the organism of mice showed uneven trend in various tissues.

4 concentration decrease in tissues of heart, lungs, intestines
and blood wae aoeéipcniod by an increase in the level of toxin

in auscles and in kidneys, Thus, simultaneously with the elimi-
nation of toxin from somse organs, its accuaulation ocourred in
other organs, Hence, a poesibility is not excluded that the redis-
tribution of toxin is conditioned by its chemiocal conversion in
structures of the organies.

The changes in the dymamios of toxemia that manifest thea-
selves by an inorease, or by decrease and again %y an increase
in the concentration of botulinal toxin, are reported in the
ltfornturo (L.A.PRISAKHRIS, 1953). The author used biological
aethod to study botulinal toxemia in white amioce,

The presence of a rather steady level of toxic contents in
the brain oconforas with the report of ?.I.BULATOVA and K.l . MAT-
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VREV (1948), who explained this by the properties of brain tissues
that are ocapadle to bind botulinal toxin relatively firsly.

It should be mentioned that our findings as to the 4dynaamiocs
of distridution of a tracer preparation with botulinal toxim in
the organisa of white mice differ consideradly from the distri-
bution of homologous snd heterologous proteins in the organisa
(GITTLIN and WHIPPLE, 195); HUROWITZ and CRAMPTON, 1952) sfter
inclusion of proteins of bdacterial origin (A.I.GRISHENKOV,1960),
and also from the distribution of S39-sethionine (I.B.MALAKHOV,
1955 and L.P ,PANCHENKO,1956).

This fact say indicate indirectly that, in ~ur experiments,
after administration of the tracer preparation with dbotulinal
toxia, the distribution of radiocactive tracer was specific to
some extent and, apparently, the position of the toxin’s mole-
cule in the organisam was indicated, especially when the essence
of the distribution of the tracer preparation with dbotulinal toxin
agreed in sany reepects with the distribution evidenced by bio-
‘logical method (I1.N.MORGUNOV, 19413 L.A PBISAKHIS, 1953).

The atudy of distribution of the tracer preparation with
botulinal toxin offered an objective idea adout the gunnttt.tivo
contents of the toxin in anisal organs.

Yet, on the basis of this alone, it is impossidle to con-
clude any preferential spot of the toxin’s action, because the
severity of the toxin’s invasion may depend not only on ite
quantity, but also on the sensitivity of tissues to the toxin,

The utilisation of a tracer toxim does not exclude the use
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of biological tests for toxin’s indicants.

Moreever, the radiocactive method of indication is more
proaising for exposing the dynamics of botulinal toxin’s distri-
bution in an organiea in the presence of nonfatal oconcentrations,
and alsc in prodlems comnected with the toxin’s interrelation
with the aicrostructures in tissues.

Conolusions

1. The cultivation of Cl. botulinua in a nutrient medius
that contained 335-othioaino euabled us to odbtain a tracer
preparation with botulinal toxin type B that maintained a stadle
recording of the radiosctive tracing,

2, After intravencus adainistration of the trscer prepa-
retion with toxin, our study of its distribution in the organiss
of white mice proved that the tracer readily penetrated into
tissues of the lungs, liver, heart, suscles, brain and intestines,

The highest c;noontr.tton of redicactive tracing was found
in the lungs. The lowest level of radicsctivity was recorded in
the blood during all periods of research.

- 3. During 150 miputes after intravenous administration of
tLe tracer preparation with dotulinal toxi!,'o observed in the
organisa of white mice.a redistridution of radiocactivity with a
periodic decreasse of the tracing concentration in some organs and

!

Yheon with an increase in other organs, ‘
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\ Summary (c

The labelled preparation of the "B" type dotulismotoxin prepes
ratvion was obtained fros the cultural fluid sfter growing "Cl.
botulinua® on a medium containing s”-.thtonino. The preparation
was purified by a two-fold precipitation with ammoniua sulfate
and subsequent dialysis in the running fresh and distilled water.
The obtained preparation of dry tagged botulismotoxin was rsdio-
active in the range of 1 mc/mg, while its toxicity equalled 5,000
Dln/mg. The distribution of the labelled preparation was studied
on white mice every 20, 60 and 150 minutes after an intravenous
injeotion of 1,000 Dlms. The investigation covered: bdlood, brain,
muscles, liver, kidpeys, lungs, heart and intestines. The toxia
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preparation was found to rapidly find its way from the dlood flow
into body tissues. The highest radiosctivity rate at all periods
0f the intoxication was recorded in the lungs, and the lowest -~
in the dlood. The radiotag concentration in the examined tissues
ochanges along with the developing intoxication, except for the
brain, where the redio-labe:. level remains fairly stadle,

/ ‘ ; (

e 11 e




