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The f requency  of appea rance  of t u m o r s  and the extent of the neoplas t ic  p r o c e s s  in the in tes -  
tine was studied a f t e r  exposure  of r a t s  of va r i ed  mic rob io log ica l  s ta tus  to the act ion of 1,2- 
d imethylhydrazine .  Gnotobiotophore r a t s  developed intest inal  t u m o r s  much l e s s  f requent ly  
than o rd ina ry  an ima l s ,  and when they did develop admin i s t r a t ion  of Bac i l lus  acidophilus  of 
r a t s  by mouth led to the m o r e  in tensive development  of t u m o r s  in the p rox ima l  port ion of the 
sma l l  intest ine than in an ima l s  r ece iv ing  an o rd ina ry  diet. 
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Numerous  epidemiologica l  invest igat ions have r evea l ed  dist inct  d i f fe rences  in the geographic  sp r ead  
of c a r c i n o m a  of the l a rge  intest ine in man  [8, 10, 14, 16]. These  d i f fe rences  in the f requency  of appea rance  
of c a r c i n o m a  of the l a rge  intest ine in different  count r ies  can be par t ly  explained by var ia t ions  in the in- 
tes t ina l  m i c r o f l o r a  caused  by the c h a r a c t e r  of the diet [5-7, 9, 11]. Exper imen ta l  invest igat ions  have  a lso  
r e v e a l e d  the impor tan t  ro l e  of the intest inal  m i c r o f l o r a  for the induction of t u m o r s  in this reg ion .  It has  
been  shown, for ins tance,  that  cycas in  does not induce t u m o r s  of the intest inal  t r a c t  in b a c t e r i a - f r e e  r a t s  
because  of the absence  of f l -g lucos idase  of bac t e r i a l  origin,  an enzyme that  conver t s  this subs tance  into its 
ac t ive  carc inogenic  metabol i t e ,  methy lazoxymethanol  [12, 13]o 

In expe r imen t s  on the induction of intest inal  t u m o r s  by 1 ,2-d imethylhydraz ine ,  the ro l e  of the m i c r o -  
bial  f lo ra  in the product ion of the carc inogenic  effect  has  also been hinted at [3]. 

The object  of this invest igat ion was to study the specia l  f ea tu re s  dist inguishing ca rc inogenes i s  in 
gnotobiotic an ima l s  and in o rd ina ry  an ima l s  that constant ly  r ece ived  a cul ture  of Baci l lus  acidophilus.  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were  c a r r i e d  out on 5 ma le  Wis ta r  r a t s  of line AF-49 ,  with a body weight of 150 g at  the 
beginning of the exper iment ,  and r e a r e d  under b a c t e r i a - f r e e  conditions. The an imals  contained only 3 
spec ies  of m i c r o o r g a n i s m  - Baci l lus  subt i l is ,  C los t r id ium putr i f icus ,  and S a c c h a r o m y c e s  - and they the re -  
fo re  belonged to the ca t egory  of gnotobiotophores [!]. Throughout  the exper iment  the an ima l s  we re  kept  in 
i so la to r s  under  mic rob io log ica l ly  control led  conditions. The control  s e r i e s  cons is ted  of 15 m a l e  r a t s  of 
the s a m e  line and the s a m e  weight as  the gnotobiotophore r a t s ,  but kept under o rd ina ry  an imal  house con- 
dit ions.  Both groups of r a t s  r e ce i ved  an injection of s t e r i l e  1 ,2-d imethylhydraz ine  dihydrochlor ide  (DMH) 
once a week in a dose of 30 m g / k g  (calculated as  the base) .  The compound was dissolved in dist i l led water ,  
the pH of whichwas  ad jus ted to  6.5 withsodium bicarbonate .  The DMH solution was packed in ampules ,  
s te r i l i zed ,  and tes ted  for  s t e r i l i ty .  

L a b o r a t o r y  of Expe r imen ta l  T u m o r s ,  P r o f e s s o r  N. N. P e t t e r  R e s e a r c h  Insti tute of Oncology, Minis-  
t r y  of Health of the USSR, Leningrad.  L a b o r a t o r y  of Exper imenta l  Biological  Models,  Academy of Medical  
Sciences  of the USSR. (Presen ted  by Academic ian  of the Academy of Medical Sciences  of the USSR N. A. 
Fedorov.)  T rans l a t ed  f r o m  Byul le ten '  ~ k s p e r i m e n t a I ' n o i  Biologii  i Medits iny,  Vol. 78, No. 10, pp. 81-84, 
October ,  1974. Original  a r t i c l e  submit ted  January  7, 1974. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

L175 



Fig. 1. Tumors  developing in Wistar  ra t s  of line AF-49:  a) large 
exophytic t umors  of the r ec tum (2x); b) saucer - shaped  tumor  of the 
duodenal bulb (natural size). 

Fig. 2. Tubular adenocarc inoma with growth 
of exophytic cha rac t e r  in a gnotobiotophore 
ra t .  Van Gieson, 50x. 

In addition, 25 noninbred male ra t s  weighing initial- 
ly 140-160 g, bred at the ~Rappolovo n Nurse ry ,  Academy 
of Medical Sciences of the USSR, were  given instead of 
drinking water  acidophilic milk prepared  on the basis of 
Bacil lus acidophilus of ra t s .  These ra t s  3 weeks after  
the beginning of rece iv ing  the acidophilic milk began to 
rece ived  weekly subcutaneous injections of DMH in a 
dose of 21 mg/tkg, p repared  in the same way as in the 
previous experiments  but without subsequent steri l izat ion.  
The resu l t s  obtained in this se r ies  of experiments  were 
compared  with those of experiments  on ra t s  receiving an 
ord inary  diet pe r fo rmed  by one of us (K.M.P.) previously 
[2, 4]. At the end of the experiments  the cadavers  of the 
animals  were autopsied and a histological  investigation 
of the tumors  found in the various par ts  of the intestinal 
t r ac t  without any macroscop ic  evidence of neoplasms 
was ca r r i ed  out. 

E X P E R I M E N T A L  R E S U L T S  

From 4 to 4.5 months af ter  the beginning of the experiments  the Wistar  r a t s  kept under ordinary  
animal house conditions began to develop signs of a disease,  with the appearance of liquid stools mixed with 
blood and loss  of weight. In mos t  of the animals  abdominal tumors  were palpated. In the interval  between 
the 146th and 164th days af ter  the beginning of DMH adminis t ra t ion all the ra t s  of this se r ies  were  killed. 
At autopsy multiple tumors  were found in their intestine, mainly in the large intestine and, in par t icular ,  
in its descending part .  In addition, 8 of 15 ra t s  had tumors  of the duodenum and the proximal  portion of the 
jejunum. The intestinal tumors  were  of the nature ofendophytic and exophytic neoplasms (Fig. 1) and intheir  
mic roscop ic  s t ruc ture  they were  chiefly adenocarc inomas  and mucous and pr ick le-ce l l  ca rc inomas .  In one 
case  metas tas i s  of a p r ick le -ceU ca rc inoma was observed in the lymph glands of the i leocecal  angle. 
Both in their  macroscop ic  appearance  and in their  microscopic  s t ruc ture  the tumors  found were indistinguish- 
able from neoplasms of the small  and large intestine usually ar is ing in ra t s  under the influence of DMH 
[2, 4]. 

The gnotobiotophore r a t s  were killed on the 178th day after  the beginning of the experiment  when they 
had no evidence of a disturbance of their  general  condition. Only in 1 of the 5 ra t s  were intestinal tumors  
found at autopsy; 2 of them, exophytic tumors  2-3 mm in diameter  on a broad base,  were localized in the 
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descending colon and 1 sma l l  s a u c e r - s h a p e d  tumor  was located in the duodenal bulb. Microscopic  exam-  
ination of the va r ious  segmen t s  of the intest inal  t r a c t  r evea l ed  no additional neoplas t ic  changes in any of the 
r a t s  studied, and m a c r o s c o p i c a l l y  the t u m o r s  d i scove red  were  tubular  adenoca rc inomas  (Fig. 2). 

Of the 25 r a t s  r ece iv ing  acidophil ic  milk ,  22 survived  until the d i scovery  of the f i r s t  in tes t inal  tumor ,  
and these  were  ki l led on the 178th-185th day of the exper iment .  All these  r a t s  had mul t ip le  intest inal  neo-  
p l a sms .  However ,  by con t ra s t  with the s i m i l a r  expe r imen t s  p e r f o r m e d  prev ious ly ,  but in which no ac ido-  
philic mi lk  was given, and which acted as the control  for  the p re sen t  invest igation,  in these  exper imen t s  
m o r e  t u m o r s  we re  found in the duodenum and in the p rox ima l  por t ion of the jejunum. For  example ,  where -  
as usual ly  in expe r imen t s  with the induction of intest inal  t umor s  by DMH on the ave r age  0.9-1.2 t u m o r s  
(in the var ious  s e r i e s  of exper iments )  we re  counted pe r  r a t  in the p rox ima l  port ion of the smal l  intest ine;  
in the p re sen t  invest igat ion 1.8 tumor  p e r  r a t  was found in the s ame  si tuat ion (P < 0.05). It was imposs ib le  
to e s t ima te  the effect  of continuous admin i s t r a t ion  of acidophil ic mi lk  on the development  of t u m o r s  in the 
l a rge  intest ine,  for  mul t ip le  neop la sms  of different  s i zes ,  often confluent and fo rming  extensive neoplas t ic  
m a s s e s ,  were  d i scove red  in the l a rge  intest ine (both in the exper iment  and in the control) .  

In tes t inal  t u m o r s  thus appea red  much l e s s  f requent ly  in the gnotobiotic r a t s  than in the o rd ina ry  ani-  
ma l s ,  and when they did a r i s e  the t u m o r s  were  sma l l e r .  These  r e s u l t s  indicate that  the intest inal  m i c r o -  
bia l  f lo ra  pa r t i c ipa te s  in the m e t a b o l i s m  of the carcinogen.  It will be noted that  gnotobiotophore r a t s  with 
a l imi ted intest inal  f lo ra  were  used in these  exper imen t s .  The poss ib i l i ty  cannot be  ru led  out that  the m i -  
c r o o r g a n i s m s  p r e s en t  p o s s e s s  some type of enzyme act ivi ty  that  is e s sen t i a l  for  the metabol ic  convers ions  
of DMH, and that this could be r e spons ib l e  for  the appearance  of t u m o r s  in one of the exper imen ta l  gnoto- 
biotic r a t s .  

This  invest igat ion a lso  r evea l ed  that  the admin i s t r a t ion  of acidophil ic  mi lk  leads to the appea rance  
of m o r e  t u m o r s  in the initial  pa r t  of the smal l  intest ine.  Because  the me tabo l i sm  of DMH has  r ece iv ed  
ve ry  l i t t le  study it is difficult to give a r e l i ab le  explanation of this newly obse rved  fact.  However ,  if Weis-  
b u r g e r ' s  hypothes is  [15] is t rue  that  compounds conjugated with glucuronic  acid a re  fo rmed  during DMH 
me tabo l i sm  and enter  the intestiue~ it can be postula ted that Baci l lus  acidophilus p o s s e s s  f i -g lucuronidase  
act ivi ty  and, as a r e s u l t  of this ,  it l i be ra te s  the act ive  carc inogenic  metabo l i t e  into a pa r t  of the intes t ine 
where  the usual  mic rob i a l  f lora  is poor~ Fur the r  invest igat ions into the question of ca rc inogenes i s  in ani-  
m a l s  with a de l ibera te ly  modif ied bac t e r i a l  f lora  will help to elucidate some  impor tan t  a spec t s  of the 
pathogenesis  of t u m o r s  of the gas t ro - in t e s t ina l  t rac t .  
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