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TABLE 1
ONCOLYSISOF A VARIETY OF MOUSE TUMORS BY CL. BUTYSICÃœMM-55 ALONE AND

IN COMBINATIONWITH IRON DEXTRAN COMPLEX

Group1.2.3.4.5.6.7.8.9.10.TumorEhrlich

carcinoma,solidMethylcholanthrene-in-duced

fibrosarcomaMethylcholanthrene-in-duced

fibrosarcomasMethylcholanthrene-in-duced

fibrosarcomasMethylcholanthrene-in-duced

fibrosarcomasSpontaneous

mammarytumorsSpontaneous

mammarytumorsLymphosarcoma

L4946Methylcholanthrene-in-duced

fibrosarcoma,transplantedHarding-Passey

mela
nomaTreatment*SS

+ I(5X)0sS

+ I(5X)0sS

+ I(5X)0sS

+ I(5X)0SS

+ I(5X)0sS

+ I(3X)0sS

+ I(5X)0sS

+ I(5X)0sS

+ I(5X)0SS

+ I(5X)0Tumor

diametert
(mm.)10-1410-1410-1412-2214-2012-2044488812121212-1712-244-204-106-106-1010-1410-1210-1411-1612-1611-1612-1612-1412-16No.

with
lysis9/1010/100/101/55/50/50/102/100/101/103/90/104/108/100/106/99/90/104/108/100/100/1010/100/105/109/100/104/55/50/5Extent

of
lysis

(percent)2763â€”462â€”^20â€”620.2â€”2855â€”3051â€”2373â€”â€”82â€”2563â€”3286â€”Av.

survival
time}
(days)108.19.610.88.81110.61011117.5119.37.410.76.16.46.811.19.411.68.68.19.09.26.39.310810Av.

tumor
weight}
(gm.)1.890.612.145.31.726.10.640.470.591.860.932.072.090.85.421.771.172.410.80.21.01.400.431.612.060.642.073.330.395.25

* Treatment: S, refers to the intravenous injection of 1 X 10*spores of Cl. butyricum M-55. S + I

refers to spore injection as indicated above, followed 24 hours later by the intramuscular injection of
0.1 ml. iron dextran complex containing 7.5 mg. Fe. The numbers in parentheses indicate the number
of identical iron dextran injections that were given at 24-hour intervals. 0 refers to saline controls.

t Tumor diameter: size at the beginning of spore treatment.
Ã•Average survival time: Animals with extensive lysis generally died earlier. Experiments were

terminated on the 12th day after spore treatment in Groups 2, 3, 4, 5, and 7; on the 10th day in Groups
1, 8, 9, and 10; and on the 8th day in Group 6.

Â§Average tumor weight: Calculated from the weight of the tumors of animals that died during the
experiment and those that were killed at the end of the experiment.

finished with two booster injections, 3 or 6 weeks after
the course of immunization. We have never observed
signs of an allergic shock or similar symptoms in any of
these experiments, or in experiments where multiple
applications of spores were used in the treatment of tumors.

DISCUSSION

In the first part of the experiments discussed here an
enhancement of the oncolytic effect of clostridia was

attempted by metabolic products of the microorganisms
in the form of either culture filtrates or fractions obtained
from culture filtrates or the bacilli themselves. The
working hypothesis in this case was that one would
supplement oncolytically active substances in this manner.
These experiments gave negative results in vivo that were
confirmed by studies on Ehrlich ascites cells in vitro. The
conclusion seemed justifiable, therefore, that the oncolytic
effect of clostridia was not based on the production of
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materials which had either a toxic or cell-destructive
effect on tumor cells. The findings in vitro that bacilli
and spores were never found inside intact ascites cells also
supported this conclusion. We favor the hypothesis of a
competitive phenomenon between the tumor cells and the
clostridia as far as the available nutrients are concerned.
To clarify this working hypothesis of a competitive
phenomenon, experiments on tissue culture are under way.

Among the products which occur in the course of cell
destruction, one has to include the porphyrins, which we
experimentally demonstrated by U.V. fluorescence.
They certainly had no enhancing effect on the metabolism
of the vegetative forms of the clostridia ; on the contrary,
the experiments in vitro indicated that they favored re-
sporulation. When this occurred the process of oncolysis
came to a halt, and the tumor cells that had not been
immediately involved continued to grow. By success
fully blocking porphyrin activity with suitable metal
compounds, the lytic process was sustained, and an in
creased extent of lysis resulted.

The data did not in any way exclude the possibility that
the effect of heavy metals was due to other mechanisms
besides blocking the formation of porphyrin. For
example, in the mouse which is already normally relatively
sensitive to clostridial spores, it could be argued that a
blocking of the RES occurred, which further lowered the
general resistance and which permitted an increased
germination of spores in the tumor. The enhanced
response of tumore, which normally were considerably
resistant to treatment with spores alone, was in accord
with this interpretation. Since clarification of these
mechanisms would be of extreme importance to applica
tion in man, corresponding experiments are now under
way.

Finally, a few remarks are in order with respect to the
hypothesis that necrotic foci are essential for the start of
clostridial oncolysis. Originally, we did not think that
this hypothesis had to be necessarily accepted in view of
our negative results with spore therapy after the
production of intratumoral necroses in the Shay leukemia
in the rat with irradiation by radiogold. The experiments
with ArterenolÂ®,before and after treatment, also pointed
in a similar direction. The observation of a strong

bactericidal activity of rat serum against clostridia offers,
however, an alternate explanation for the lack of effect in
the irradiated Shay lymphoma.

Warburg (6) suggested that the effect of clostridia on
ascites tumore was incompatible with the concept that
necrotic foci are a prerequisite for oncolysis. Two points
should be considered in this connection. First, cells are
dying continually in ascites tumore and yield necrotic
material. That these necrotic materials favor clostridial
growth is shown by the unhindered germination and
multiplication of the clostridia in the ascites fluid in vitro.
The effect of these materials could, of couree, be completely
negated in vivo by transport, metabolic, and vascular
conditions which are totally different in the ascites tumor
from those of the solid tumore. Second, neither others
(4, 5) nor we could demonstrate any significant activity of
clostridia in ascites tumore.
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