
as the control. The second flask received the bacteria 
washed from the surface of agar  slants. 

The control animals were soon found to be smaller 
i n  size and darker i n  color than the experimental 
animals. Their fecal matter was less in  ~ o l u n i e  and 
darker in  color. All were dead of starvation in 15 
days. 

The experimental animals appeared to thrive as  
well or better than in the stock pans. At  the end of 
the 9th week when in the two-legged stage all died 
suddenly. The cause of death is unknown, but it  was 
evidently not due to lack of a proper diet. The ani- 
mals had flourished f o r  nine weeks and died too sud- 
denly. 

The second series of animals were taken from the 
stock pans on June  22. These animals were approxi- 
mately three months old, about two months older than 
the first series but from the same batch of eggs. The 
animals were placed in four flasks. One flask served 
as the control, receiving nothing but t ap  water. A 
second flask received bacteria washed from the sur-
face of two or  three standard agar slants. A third 
flask received similar bacteria washed three times in  
t ap  water to remove all organic matter that came 
from the agar slants. A fourth flask received six to 
ten drops of potato extract broth and no bacteria. 

The tadpoles in  the first flask of the second series 
died of starvation within 20 days. The animals in 
the second flask developed normally within two 
rnonths to the four-legged tailless stage and were then 
preserved in f ormalin. 

The animals in  the third flask, feeding on bacteria 
free of all extraneous organic matter, did not a t  first 
thrive as  well as  those in the second flask. Since some 
bacteria were lost during the washing process it  was 
thought this might be due to the smaller quantity of 
food received. The volume of washed bacteria given 
was increased with the result that the animals began 
to grow more rapidly and completed a normal meta- 
morphosis into the tailless stage within three months. 
They were then killed, and preserved in formalin. 

The animals i n  the flask receiving only sterile broth 
were able to live and grow slowly. Bacterial growth 
occurred in the flask after the small amouit  of broth 
was added. I t  appears probable that the growth was 
determined solely by the bacteria developing and not 
by the other organic matter present. Several of the 
animals died, but one reached the four-legged stage a t  
the end of the fifth month. 

The experiments described demonstrate that bac-
teria serve as  a satisfactory food supply f o r  the lar- 
val stages of the frog Rana  pretiosa. Apparently 
water bacteria contain all the food factors necessary 
for  the metamorphosis of this animal. The animals 

developed as fast o r  faster than did the controls in a 
laboratory environment containing various kinds of 
water plants. The development of the animals i n  
their natural environment in the streams and ponds 
was not checked with the growth in the laboratory. 
A casual examination of the streams seemed to indi- 
cate a more rapid development than in the laboratory. 
Factors other than food were involved. 

I am not aware that the larval f rog requires vita- 
mins in  its food. I f  i t  does, then the bacteria used 
contain them in sufficient quantity fo r  development 
of the tadpole to the frog stage. The study of vita- 
min production by bacteria has just begun. I t  has 
been shown that vitamins A and B are produced by 
some but not by all b a ~ t e r i a . ~  I n  this laboratory we 
have shown (unpublished data) that Bacillus acid-
ophilus does not produce vitamin B in fermented 
milk. Apparently the occurrence of vitamins in  bac- 
teria will be found to be as irregularly distributed as  
in  the higher plants. 

I n  experiments to determine the value of bacteria 
as food f o r  the higher animals the possibility of one-
celled animals interfering by feeding on the bacteria 
and in turn serving as  a source of food must be con- 
sidered. Apparently protozoa did not multiply in  
our flasks and affect the results. 

Common water bacteria contain all the food factors, 
including vitamins, necessary f o r  the normal develop- 
ment of the larval stage of the frog Rana pretiosa. 
Since the larval f rog can utilize bacteria as food we 
should expect to find a wide variety of both inverte- 
brates and vertebrates taking advantage of this source 
of food supply. Bacteria serve as  a direct as well 
as  a n  indirect factor in determining the food supply 
of the higher animals. 

VICTORBURKE 
STATE CO~LLEGE 01 WASHINGTON 

LOCALIZATION O F  SPIROCHETA PALLIDA 

I N  T H E  BRAINS O F  RABBITS FOLLOW- 


ING INTRASPINAL INJECTION O F  

TESTICULAR TISSUE AND PHYSI- 


OLOGICAL SALT SOLUTION 


TEE experimental study of neurosyphilis is seriously 
hampered by the fact that we do not possess a suitable 
laboratory animal fo r  experimentation. It is a n  inter- 
esting fact that the rabbit, so admirably suited for  the 
study of other manifestations of syphilis, is, generally 
speaking, incapable of harboring a syphilitic infection 
of the central nervous system. I n  spite of persistent 
efforts of numerous,investigators, it has been so f a r  
possible to detect the presence of spirochetes in the 

2 C. E. Skinner and M. I?. Gundersoii, "Production of 
Vitamin A by a Species of Corynebacterium," Jour. Bid. 
Chem., xcvii, 53: 1932. 
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central nervous system of syphilitic rabbits only in a 
few isolated instances. A new approach to the prob- 
lem was indicated by the discovery of Kolle and 
S c h l ~ s s b e r g e r l ~ ~of the asymptomatic syphilitic infec- 
tion of mice and rats. These investigators showed 
that mice and rats infected with pieces of chancre 
tissue of syphilitic rabbits, were capable of harboring 
a n  asymptomatic infection which could be demon-
strated by injection of emulsions of their internal 
organs, including the brain, into normal rabbits, which 
thereupon developed syphilitic lesions. I t  was further 
shown by Schlossberger3 that spirochetes which have 
thus passed through the brain of rats or mice ac-
quired the unusual property of being able to penetrate 
into the brain of rabbits, a property which is main- 
tained through successive passages from rabbit to 
rabbit. I n  these experiments and similar experiments 
of the author^,^,^ i t  became possible f o r  the first time 
to cause the Spirocheta paklida to penetrate into the 
brain of rabbits in a large number of cases. 

The affinity of the Spirocheta pallida f o r  testicular 
tissue, as  shown, f o r  example, by the experiments of 
the authors6, in  which spirochetes, introduced intra- 
spinally into rabbits, quickly disappeared from the 
oerebrospinal system and localized in the testicles, 
suggested a n  interesting possibility in connection with 
the so-called Reynals factor. I t  was shown by Duran- 
R e y n a l ~ ~ ~ ~Hoffman Duran-Reynals1° that and and 
extracts of certain organs (testicles, kidney, brain and 
skin) have a n  enhancing action on the development of 
vaccine virus and staphylococcus infection and that 
testicular extract is by f a r  tha most active. I t  was 

1W. Kolle and H. Schlossberger, ((Experimentelle
Studien iiber Syphilis und Rekurrensspirochatb;se: V. 
Ueber symptomlose Infektion von Mausen und Ratten 
sowie symptomlose Superinfektionen syphilitischer Ka- 
ninchen mit Spirocheta pallida," Deut. med. Wochnschr., 
52: 1245, 1926. 

2 W. Kolle and H. Schlossberger, "Die Persistenz der 
Syphilisspirochate in M'ausen, wahrend langer Zeit-
raume," Deut. med. Wochnschr., 54: 129, 1928. 

3 H. Schlossberger, ((Experimentelle Untersuchungen 
iiber das Eindringen der Syphilisspiroch'aten in das Zen- 
tralnervensystem von Mausen und Kaninchen, "Arb. a. d. 
Staats-Inst. f. exper. Therap., No. 21, p. 344, 1928. 

4 G,  W. Raiziss and M. Severac, ((Neurotropism of 
Spirocheta pallida," Arch. Dermat. and Syph., 26: 271, 
1932. 

5 G. W. Raiziss and M. Severac, L'Asymptomatic
Syphilis," Arch. Dermat. and Syph., 27: 923, 1933. 

6 G. W. Raiziss and M. Severac, ((Testicular Lesions 
in Rabbits Following Intraspinal Syphilitic Infection," 
Proc. Soc. Exp. Biol. and Med., 24: 756, 1927. 

7 G. W. Raiziss and M. Severac, 'LChemotherapeutic 
Studies Concerning the Penetration of Organic Com-
pounds of Arsenic into the Cerebrospinal System,"
Arch. Dermat. and Xyph., 22: 1031, 1930. 

8 F. Duran-Reynals, Con~pt. rend. Soc. biol., 99: 6, 1928. 
9 F. Duran-Reynals, Jour. Exp. Zed., 50: 327, 1929. 
loD. C. Hoffman and F. Duran-Reynals, "The In-

fluence of Testicle Extract on the Intradermal Spread of 
Injected Fluids and Particles," Jour. Exp. Mecl., 53: 
387, 1931. 

further shown that testicular extract of the rabbit 
caused injected India ink and Prussian blue to spread 
much more extensively through the intercellular spaces 
than was the case when suspensions of Ringer's solu- 
tion only were used. It is possible that the enhancing 
power of the testicular extract is accompanied by a n  
effect which consists in rendering the cells more easily 
penetrable by the injected agents. 

I t  now appeared promising to the authors to at-
tempt to render the central nervous system of the 
rabbit more easily penetrable to spirochetes by injec- 
tion of normal testicular extract. This was, in  fact, 
done in a series of experiments of which the present 
article is a preliminary report. Six rabbits received 
an intraspinal injection of a n  emulsion of testicular 
tissue of normal rabbits. Shortly thereafter they 
were inoculated, 3 intratesticularly and 3 intra-
venously, by the usual method with syphilitic testicular 
tissue (Nichols strain).  Six to seven weeks later tes- 
ticular 'lesions appeared, and when the brains of the 
animals mere removed and emulsions prepared from 
them were injected into testicles of normal rabbits, 
positive results (lesions containing numerous active 
spirochetes) were obtained in all the six animals. The 
situation, however, was complicated by the somewhat 
unexpected fact that a positive result was also ob- 
tained with one animal injected intraspinally with 
physiological salt solution. This renders the inter- 
pretation of the results obtained somewhat uncertain. 
I n  ord'er to determine whether the effect may not pos- 
sibly be due to the traumatic shock of the injection, 
experiments are now in progress in which distilled 
water and also a number of other substances are  being 
injected intraspinally. 

The net result, so far,  is that spirochetes may be 
induced to penetrate into th'e central nervous system 
of rabbits with the aid of a n  intraspinal injection of 
normal testicular tissue, or (in one case) physiological 
salt solution. 

I n  conclusion, we take pleasure in acknowledging 
a very stimulating discussion with Dr. Duran-Reynals 
which gave the immediate impetus to the experiments 
here reported. 
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