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FOREWORD

This publication was prepared under contract for
the Joint Publications Research Service, an organization
. established to service the translation and foreign-lsngusge
research needs of the various federal government depert-
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" The contents of this materisl in no way represent B )
the policies, views, or sttitudes of the U, S, Government, i
or of the parties to any distribution srrangsments. :
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Scientific and technical reports may be obtained from:
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JPRS: 16,309

DISTRIBUTION OF A LABELLID PREPARATION OF BOTULISM
TOXIN IN THE BODY OF WHITE MICE

[Following is a translation of an.article by
Z.P. Pak and T.I, Bulatova, in Farmakologiya

1 Toksikologiya. (Pharmacology and %Q;Iqo§ogy),
Vol XXV, No 4, . :

\ oscow, July/August 1962,
pages 1,78-482.7 |

Chair of Pharmacology (Head -- Prof V.V,
Vasiltyeva) of the 2nd Moscow State Medical
Institute imeni N.I. Pirogov and Laboratory
of Indication (Head -~ Prof K.I. Matveyev)
of the Institute .of Epidemiology and Micro-
biology imeni N,F. Gamaleya

Up to the present time the distribution of botulism
toxin in the organism has been studied by the biological
method (I.Ne Morgunov, 1941; Peysakhis, 1953). For this
purpose, extracts from the organs of the poisoned animal
were injected in various dilutions to white mice and, by
the rate of the onset of their death, the quantitative con-
tent of the toxin in Investigated tissues was evaluated.

However, the biological mephod of determination of
the quantity of toxin has a. number of drawbacks., It does
not permit the determination of non=lethal concentrations
of the toxin, In addition, 1t has been established that the
toxin is stably fixed by the tissue of certain organs, thus
hampering its excretion. In such cases the results depend

~to. a largc extent on the method of preliminary processing of

the tissues (K.I. Matveyev and T.I. Bulatova, 1948).

In the present work we investigated tgg distribution
in the organism of white mice of & sulfur (S°°)-labelled .
proparation of the B-type botulism toxin which is widely .
used in research practice, as well as for .the preparation of
an anatoxin, S _

The laBglled toxin preparation was obtained by the
addition of 8-”-methionine to the nutritive medium .employed
in the growth of Clostridium botulinum culture, ]
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Radloactive methianine was selected as an initial
labelling product for the reason that sulfur is an ingre-
dient of the composition of the molecule of borulism toxin.
Besides, this aminoacid is always present in the nutritive
media employed in the growth of Clostridium botulinum,

'Mathods

1, Obtaining of labelled toxin preparation. To 500
ml of a caseinefungal medium wore added 0.5 percent glucose
and 37 mec of 83 -methionine; in it were seeded 10 ml of
freshly-grown culture of Type B No 175 Cl, botulinum, and
the mixture put in a thermostat at 37°, After five days of
growth, the cultural fluid was filtered through a cotton-
gauze filter and centrifuged at 3,000 revolutions per minutes
in order to scparate it from microbial bodies. After that,
the protein products containing thc botulism toxin were preo-
cipitated by means of ammonium sulfate at 60 percent satura-
tione

The film. formed after prccipitation, was dilssolved
in 100 ml of distilled water and dialyzed for 24 hours in
* punning fresh and distilled water at 169, in order to purify
it from the low-molecular labelled compounds. Following
dialysis, the radloactivity of the preparation decmeascd by
30 percenta o

The ropeeted precipitation of the fluid toxin was
carried out with ammonium sulfate at 4O percent saturation.
The resulting film, containing toxin, was pressed out with
filter paper and dried at room temporature in a microanacero-
stat under vacuum conditions. The dry toxin preparation was
triturated in a mortar which had been placed in a special
manually-operated box, and the titer and radiocactivity of the
preparation was then determined, As a result, 30 mg of a
dry proparation of labelled toxin wcre obtained of an acti-
vity of about one mc/mge. The toxicity of the preparation
comprised 5000 DIM (minimal lethal doses).

2. Determination of the radioactivity of the tissues,
Experiments were staged on 30 white mice woighing 15 to 18 mg,
A total of 2Lh6 determinations wore carried outs The diluted
toxin in the form of & suspension in 0,5 ml of a physiologi-
cal solution was injected intravcnously in the amount of
1000 DIM por animale, In its radicactivity this dose corros-
ponded to 71,250 pulses per minute, B

In order to determine the radiocactivity of tissues,
the animals woere behecaded at verious time intervals., The 1st
group (11 mice) -~ within 20 minutes, the 2nd (10 mice) ==
within 60 minutes, and the 3rd (nine mice) == within 150 min-
utess The last period coincided with the onset in the poi-
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soﬁsd.animals of a grave condition, accompanied by rare res-
pifation, paralysis of the extremities, and weakeéning of the
entire musculature, ‘The following tissues were examined:
blood, brain,muscles, liver, kidneys, lungs, heart, and in-
testines,

Weighted portions of tissues (50-100 mg) were tritu-
rated in glass homogenizers with 0,5 ml of distilled water;
0.2 mg of the homogenate were then placed on an aluminum
foil target. After drying the targets in a thermostat, the
radioacitvity determination was carried out on a B device By
means of a surface counter of about 15 to 17 percent of 835
effectivenesse The welght of dry substance on the target of
the size of 2,27 em? did not exceed 10 mge Thus, the moca-
surements were carried out in a "thin layer" of the substanco,
where the self-absorption of radioactivity is practically neg-
ligibles The activity was recounted per gram of fresh tissue,

Results

The results of investigations are shown in diagrams
in the form of mean indexes (see Fig. a and b), Each point
on the diagrem curve represents thc arithmetical mean of 8
to 11 mcasiurements. '

The experimental data show that, within 20 minutes fol-
lowing the injection of the labellecd toxin preparation, the
investigated tissues were arranged in the following decrcas-
ing order in regard to the radloactivity level ammxussod inpwubes
por mnto por grmmilungs ~- 2,690, liver -- 2,230, heart =--
2,107, kidneys -- 1,586, intestine - 1,362, muscle -~ h}9,
brain ~-- 429, blood -- 287,

Within 60 minutes a reduction of radlioactivity was
noted in the liver, lungs; heart, intestines, brain, and
bloods In the kidneys and muscles, on the contrary, theo
radioactivity level increased (sce Fig, a).

Prior to the death of the animals, in some tissues
(blood, heart, lungs, intestine) a rise in the concentration
of the radlotag was observed, in others (1iver, muscles, kid-
neys =-- reduction)

Thus, during intoxication a redistribution between
various tissues takes place in the orgenism of the labelled
toxin preparation, or of some labelled produscts of its trans-
formation, ' ' '

In some tissues (blood, intestine, heart, and lungs),
the dynamics of radiotag accumulation represents a ocurvwe with
the lowest level reached within an hour. In other organs
(kidneys and muscles), the highest radiocactivity level was
noted within an hour, In the liver the tag concentration
gradually decreased (see Fig, 2)e
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Chanzes . in the radiosctivity of tissues and the %ﬁﬁﬁh‘coné 

centration zredient in the orgzsnlsm of white mice follow-
ing intrsvenous injection of a iabelled preparation of
botulizm toxdn. , .

a and bt 1 ~= blood} 2 =« brain; 3 «= musoles; {f ==
kidneys; &5 == liver; 6 == Intestine; 7 ee hsart;
8 == Lungs.

8] -« Acbavity of tissues in puls/min gm
Dy == ‘ime 1in minutes : .
a; -« Concentreétion gredlent: tissue/blooed

In tne brain, in contrast to cther tissues, the con-
tent of labelled products remsained virtually unchanged dure
ing the poriod of 150 minutes. Tne Llowest concentration
of tne iavelled toxin preparation was observed in the hlood,
It turned out that between tha rsdioactivity level ot tha

blooa and other investigated tissucs there is a definite re-
lationship., The M concentration gradient or the radio-

tag repéats in the majority of cases the daynsmios
of changes of an absolute concentration (see Fig., a and o),

|
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Discussion of résults

Determination of the radiocaétivity of tissues showed
that; following injection of the Yotulism'toxin and up to ..
the moment of the animal's death, ifs .coitent in all organs
18 considerably higher than in the 'blood, ‘fe., the concent- .
ration gradient is higher than 1. This correlation indicates
a rapid penetration of the toxin from the blood stream into
various organic tissues, This, in its turn, attests to the
fact that the botulism toxin easily passes through the cellu-
lar membranes,

It is difficult to say as to what extent the high pene-
trating property is specific for the given toxin which is of .
protein nature, It is known that cells of many organs are
generally easily penetrable to homologous- and heterologous- .
proteins, = - - - ' oo , :
The latter are detected in the cytoplasm and cellular.
nuclei of the liver, central nervous system, and other organs
as early as within lo minutes following their intravenous ad-
ministration (Coons, Leduc, Kaplan, 1951; Coons, Kaplan, 1950;
Gittlin and Whipple, 1953; Hurowitz and Crampton, 1952).

The redistribution of the toxin preparation in the or-
ganism of mice, which we have elicited, is of non-uniform na-
ture in various tissues, The reduction of concentration in
the tissues of the heart, lungs, intestines, and blood is ac-
compaenlcd by a rise of the toxin level in the muscles and
kidneys. Hence, simultaneously with the toxin excretion from
some organs, its acumulation takes place Iin other organs. The
poasibility is not excluded that the toxin redistribuytion is
caused by its chemicel transformations within the . structurcs
of the organisn, L .

Changes in toxemie dynamics which are characterized
by a rise, fall, and anothoer rise of the botulism toxin con-
centration were desoribed in the literature (L.A. Peysakhis,
1953). This author employed the biologicel method in his
study of botullsm .toxemia in white mice, ,

The presence in the brain of a fairly constant level -
of -the toxin content conforms with the report of T.I. Bula-
tova and K.I. Matveyev (1948), who point out the property of .
cerebral tissue of incorporating relatively firmly the botu-
1lism toxine . : ‘ e : .

It should be noted that our data on the dynamics of
distribution in the organism of white mice of the labelled
botulism toxin preparation differ considerably from the dist-
ribution of homologous and heterologous proteins in the or-. .
ganism (31ttlin and Whipple, 1953; Hurowitz and Crampton,
1952), including also the proteins of baggerial origin (A.I.
.Grishenkov, 1960), as well as from the 8°°-methionine distri-
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bution (I.Yes¢ Malakhov, 1655; LiFs Panchenko, 1956).

This may indiredtly attest to the fact that in our
experiments the radiotlg distributioh; following administ-
ration of the labelled étull! toxin preparation, is speci-
fic to some extent and apparently reflgcts .the location of
toxin molecule in the organism, especially In view of the
fact that the distribution character of the labelled prepara-
tion of the botulism toxin corresponds in many respects to
its determination by means of. the biological method (I.Ne
Morgunov; 1941; L.As Peysakhis, 1953),

The study of the distribution of a labelled botulism
toxin preparation offers an objective idea of 1ts gquantita-
tive content in the organs of animals, .

However, one cannot come to a coneclusion, based on
this fact alone, as to the principal location of the toxin
effect, since the gravity of toxin-induced affections may de-
pend not only on its quantity, but also on the senaitivity of
tissues to 1it, :

The employment of labelled toxin does not exclude the ‘
biological methods of its determination. .

At the seme time, in the elicitation of the distribu-
tion dynamics of the botulism toxin in the organism in 1its
non-fatal concentrations, as well as in regard to the problems
of its interrelations with tissue microstructures, the method
of radioactive indication offers grcater prospects.

Conclusions

le Growing of Cl. botulinum on a nutritive medium
containing S35-methionine makes possible the obtainment of a
labelled preparation of type B botulsim toxin with a firm
fixation of the radiotage.

2 Investigation of the distribution in the organism
of white mice of the labelled toxin preparation following its
intravenous administration, showed thet it penetrates rapidly
into the tissues of the lungs, liver, heart, muscles, brain,
and intestines,

The highest concentration of the radiotag takes place
in the lungs, The lowest radioactivity level is found in the
blood at all investigation periods,

3, During 150 minutes, following intravenous administ-
ration of the labelled botulism toxin preparation, a redistri-
bution of radioactivity takes place in the organism of white
mice with a peripdic reduction of the radiotag concentration
in soqe orgens end its incrcase in others.
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