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THE EFFECT OF BACTERIAL TOXINS ON TISSUE CULTURE

io (Jouwrnal of G. Ye. Arkad'yeva (Leningrad
%&M; Vo%. %, No. 8, 1965, Chemical-Pharmaceutical
Pages 67-72 Institute)

The study of the mechanism of the pathogenic effect of microbial
toxins on an entire arganisa and its tissues and cells is extremely
importsnt for understanding and specifying the pathogenesis of infectious
diseases, In so doing, the procedure of cultivating tissues and cells
of animals greatly facilitates the study of the problems of infectious
pathology in vitro,

In Soviet and foreign literature there are few well-known works
dewoted to the study of the effect of bacterial toxins on tissus cultures
(Saltykov et al., 1961; Penso and Vicari, 1957 and 1958; Pelton and
Pomrat, 1962; ete.).

The goal of our work narrowed down to explaining the problem of
whether bacterial toxins act in tissue cultures as selectively as in the
whole organimm. A positive solution of this problem would provide an
opportmity for the detailed investigation of the mechanisms specifically
injuring cells and tissues of laboratory models through various toxins,

As models we employed tissue cultures of human, ret, and mouse
embryos and tumorel cells of Erlich's carcinoma, The investigation was
conducted with staphylococcic streptococcic, diphtherial, and tetsnic
«xotoxins and endotoxins of microbes of the dysenteric-typhous group.

The injurious action of the toxins on the cells of the tissue
culture was determined by the cytotoxic effect resulting from the intro-
duction of various amounts of toxins into the nuirional environment with
the cells, We provisionally individuated, in accordance with the mummber
of pathologic changes predominant in the cells, four degeneration levels
of the tissue culture: 1) the shape of the cells and nucled’ was not changed
and grenulation was observed in the cytoplasm; 2) the cells to lose
their original shapes and cytoplssm was distinotly grenular; 3) the wiform
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growth of cells was disrupted, they were rounded, the nuclei within them
were shriveled, and the cytoplasm was at times vacuolated; and 4) cells

degenerated into fragments (detritus) and dropped to the bottom of the
test tube,

The following degenerative changes were distinguished in the tumoral
cells: 1) sharply pronounced granulation; 2) loss of shape, and granulation
located closer to the membrane; and 3) a break in cell membrances and the
egress of cytoplasm from cells,

The results of the testa indicated that all the toxins, excepting the
tetanic, caused the degeneration of cells of the tissue culture of human
eabryos in the range of the minimum of the applied amount of toxins ($0-4),
Stapholoccoccic and streptococeic toxins exerted a harmful influence on the
cells within 4 hours, and the remaining toxins, within 24~48 hours, As the
amounts of toxins and incubation time increased, changes in the cells became
more pronounced, Tetanic toxin, even in large doses and with prolonged
action, did not cause any apparent cytotoxic effect in the cells., This cor-
responded with data contained in literature and confirmed the assumption
that this toxin is a specifically neural poison,

The cytotoxic effect of the endotoxins was manifested within a day,
and cellular degeneration basically consisted of the appearance of sharply
pronounced granulation and vacuolation of cytoplasm, and only on the fourth
to the fifth day was the of the cells disrupted, their conglutination
observed, and nuclear begun.

Thus, the dynamics of the pathologic changes in tissue ocultures of
the fibroblasts of human embryos varied under the influence of different
bacterial toxins,

In order to determine whether there were any variations in the sensi-
tivity of different kinds of tissue cultures to the action of microbial
toxins, we studied the effect of exotoxins and endotoxins on cultures of the
tissuas of mouse and rat embryos, as well as on tumoral ascitic cells,

Data obtained from comparative experiments indicated that rat fibro-
blasts were insensitive to diphtherial toxins, and the mouse fibroblasts
were slightly sensitive, This fact concurs with what has long been imowm
regarding the heightened resistance of mice and especially rats to
diphtherial toxin,

The endotoxins of the bacteria of the dysenteric-typhous group did
not cause any degeneration of the tumoral ascitic cells - - a phenomenon
apparently connected with the metabolic characteristics of ascitic cells,
as well as with the nature of the chemical structure of endotoxins, which
are lipopolysaccharide complexes, .

In the whole organism, microblal exotoxins selectively injured
specific organs and tissues, We studied the effect of some taxins on the
oells of a culture of tissues from various organs of & human embryo - «
the intestine and kidneys.
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Table 1 makes evident that diphtherial ¢t oxin caused a more
pronounced degeneration of cells of renal tissue than the other toxins,
The cytotoxic effect of streptococcic toxin and endotoxin on the remal

culture was less pronowiced than on f_broblasts. Both toxins injured
the intestinal tissue culture more severely,

Thus, even in tissue cultures the microbial toxins are observed
to be selective in injwring cells of various tissues, The results of
these tests confim the conclusions of a mmber of researchers (Messore .
and Careco, 1957; Gabliks and Zolotorovskiy, 1962),
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Ons of the conditions affecting the infectious process is the
association of microorganisms in the pathologic foci - - a situation
whdich, perhaps, most frequently intensifies the basic diseases. Mixed
infections frequently proceed severely, and this distinguishes them
from infectious processes caused by a specific single microorganism,

According to the data awvailable in Soviet and foreign literature,
the combined effect of wvarious microbial toxins has been inadequately
studied , The hemolytic activity of toxins has basically been studied in
tests in vitro (Zhak, 1957; Levenshtamm, 1956; Minervin, 1956; Khait,
1960), Some data have been obtained from the study of the joint effect
of toxins in vivo (Kirilenko, 1959; Khait, 1962),

We studied the combined effect of a number of exotoxins and
endotoxins on tissue cultures of fibroblasts of human embryos and on
renal and intestinal tissues, Table 2 indicates that, with the combined
action of toxine, their cytotoxic effect on cells is intensified, PFor
example, staphylocococic, streptococoic, and diphtherial toxins taken
separately caused no cytotoxic effect on the cells within a four-hour
period., Conversely, with the combined action of 4 and 2 of the minimal
cytotoxic dose (Dcm), the degeneration of the cells ensued, With the
oombined action of staphylococcic, streptococcic, and diphtherial toxins
(4 the dose), cytotoxic effect attained the second level within four
hours. As a result of the combined action of st-~phylococcic, streptqcoccis
mwbﬁmmtmmofiwouMcmcdou, the
second~level degeneretion of cells occurred within 4 hours and the third-
level degeneration, within 2i-48 hours,

Pathologic changes were substantially increased in fibroblasts
upon the combined action of exotoxins taken in doses which by themsclves
aid not cause cellular degenerstion (1/k, 1/8, and even 1/16 of the minimal
cytotoxic dose).

Poar the purpose of studying the problem of which of the taxins
strengthens the cytotoxic effect of another, we arrenged the following
tests: a dose of one taxin which exerted no oytotoxic influence was
dntroduwed into soms test tubes with tissue cultwre (3 Dom). This was
followed by adding diminishing smounts of another toxin,

The tests indicated that a reciprocal strengthening by the toxins

of the oytotoxic effect on the tissue culture did not occur., For examplse,
' upon the combined action of the staphylococcic and streptococcic toxine,

the intensification of cellular degeneration took place through the

streptococcic toxin, The combined action of streptococcic and

as well as of staphylocoocic and diptherial, toxins oaused in the cells a
, aytotaxic effect whioch was intensified in both cases under the influnence

of diphtherial toxin, ‘
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Key: (1) Combined Effect of Staphyolococcic, Streptococcic, and Diphtherial
Toxins on a Tissue Culture of Fibroblasts of Human Easbryos, (2) Toxins,

(3) Bach toxin separstely, (4) lococcic and streptococcis, (5)
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for various periods (1? hours), (10) staphyloococcis, (11) streptoccoscis,
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cause & oytotaxic effect within 24, hgm.
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Taking into account the totality of the effect of the endotoxina
of the bacteris of the dysenteric-typhous group on the organs and tissues
of the whols organism, one would have expected an intensification of the
ytotoxic effect on tissue cultures upon the combined action of these
toxins, However, the experimental data obtalned indicated that the combined
action of the endotoxins of the dysenteric~typhous group of microbes did
not cause an intensification of the cytotcxic effect in tissue cultures
of the fibroblasts of human embryos.

Because a selective sensitivity to some bacterial toxins was
observed in specific types of cells in tissue cultures, we thought it
would be of interest to study the combined effect of a mumber of microbe
toxins on tissue cultures of the kidneys and intestines of human embryos,

The results of the tests demonstrated that, with the combined
action of staphylococcic and diphtherial and streptococcic and diptherial,
as well as all the thres, toxins, it was possible to observe a cytotoxic
effect in the renal tissue culture within four hours. Even such doses of
staphylococeic and streptococcic toxins, whose effect on the cells cannot
be detected visually (1/4 and 1/8 Dem), exerted a cytotoxic influence when
combined with diphtherial toxin,

Diphtherial toxin intensified the taxic effect: while staphylococcic
and strentococcic toxins by themselves did not cause a pronounced degeneration
of the renal tissue cultuwre, the addition of diphtherial toxin resulted in
significant pathologic changes in the culture,

The above-mentioned data confirmed the selectivity of diphtherial
toxin to injure remal tissue of human embryos, since even small doses of
it, ocombined with other exotoxins, stimulated the cytotoxic effect,

In tests rwn on intestinal tissue culture of human embryos, as
well as on fibroblasts, no intensification of cytotoxic effect was
observed upon the combined sotion of endotoxins,

Conclusions

- 1, Bacterial toxins (excepting tetanic) caused various degrees of
degenarative changes in the cells of a tissus culture of human embryos,
The dynamiocs and charecteristics of these changes seemed to be heterogensous,
when the effects of exotoxins and endotoxins were compared,

2, Specific and selective effects of bacterial taxins on the cells
of various kinds of tissue culture were noted,

3. With the combined action of exotoxins on & culture of human
embryo fibroblasts, the cytotoxic effect was intensified, and pa
changes in the cells occurred before those taking place in the control
0011'0 .
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he The combined effect of endotoxins of dysenteric (Flexner)
ard abdominal-typhous microbes did not intensify degeneration of the
tissus cultwré of human embryo fibroblasts,
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