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I N D U C T I O N  O F  L U N G  T U M O R S  IN M I C E  W I T H  
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D iamyln i t ro samine  was injected subcutaneously  into CC57W mice once a week, in a dose of 
0.025 ml pe r  mouse,  17 t imes  a l together .  The an imals  were  ki l led 27 weeks af te r  the e x p e r i -  
ment  began. Lung tumors  (mainly adenomas ,  but in three  c a s e s  adenocarc inomas)  were  
found in 14 of the 17 mice  which died and in a l l  24 of the k i l led  an imals .  One case  each of 
marked  p ro l i f e r a t i on  of the i n t e r s t i t i a l  c e i l s  of the kidney of a p r e c a n c e r o u s  c h a r a c t e r ,  
nephrob las toma,  c a r c i n o m a  in si tu,  and invas ive  c a r c i n o m a  of the u r i na r y  b ladder  also was 
found. Admin i s t r a t ion  of d i a m y l n i t r o s a m i n e  can be recommended  as a method of inducing 
expe r imen ta l  lung tumors  in mice.  
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Var ious  a spec t s  of the ca rc inogen ic  action of N-n i t roso  compounds,  many of which a re  powerful c a r c i n o -  
gens and induce tumors  s e l ec t ive ly  in va r ious  organs  of an imals ,  an impor tan t  fac tor  when exper imen ta l  
models  of chemica l  ca r c inogenes i s  a re  de s i r ed ,  have been extens ive ly  inves t iga ted  in r ecen t  y e a r s .  In this 
connection we were  in t e re s t ed  in s tudying the ca rc inogenic  action of d i a m y l n i t r o s a m i ne  {DANA) which, as was 
shown p rev ious ly  [ 1], induces lung tumors  in r a t s  when injected subcutaneously.  It must  be emphas ized  that 
the development  of d i f ferent  models  of pu lmonary  ca r c inogenes i s  is  without quest ion of both p r ac t i c a l  and 
theore t i ca l  impor tance  in connection with the high frequency of tumors  in this s i tuat ion in man. F o r  a more  
comple te  ana lys i s  of the ca rc inogenic  action of DANA, i t  is  n e c e s s a r y  to inves t iga te  i ts effect  on other  spec ies  
of an imals  and, in p a r t i c u l a r ,  on mice which a re  f requent ly  used in the expe r imen ta l  study of pu lmonary  c a r -  
c inogenes is .  

The object  of this inves t iga t ion  was to study the ca rc inogenic  action of DANA on mice and to a s c e r t a i n  
the p r o s p e c t s  for  obtaining a new model of pu lmonary  ca rc inogenes i s .  

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

E x p e r i m e n t s  were  c a r r i e d  out on 82 male  CC57W mice weighing 18-20 g. DANA* was synthes ized at the 
Labo ra to ry  of Organic Synthes is  of the P r o f e s s o r  N. N. Pe t rov  R e s e a r c h  Inst i tu te  of Oncology [2]. The c a r -  
cinogen was in jec ted  subcutaneously into the mice once a week in a dose of 0.025 ml pe r  mouse 17 t imes :  f rom 
the 1st through the 4th and f rom the l l t h  through the 23rd week of the expe r imen t .  F r o m  the 5th through the 
10th week of the expe r imen t  the in ject ions  were  in t e r rup ted  because  of death of some of the an ima l s  f rom the 
toxic ac t ion of the compound. The mice  were  k i l l ed  27 weeks a f t e r  the beginning of the expe r imen t s .  Organs 
and t i s s u e s  of the dying an ima l s  were examined m a c r o s c o p i c a l l y  and m i c r o s c o p i c a l l y .  

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

In al l  the mice in the e a r l y  s tages  of the expe r imen t s  and in some of the an imals  ki l led at i ts  end changes 
connected with the toxic action of DANA were  found. The sur face  of the l i ve r  was not iceably  yellow in color ,  

*The authors  a re  gra tefu l  to A s s i s t a n t  Sc ien t i s t  B. O. Kra iz  for  synthes iz ing  the DANA. 
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Fig .  1. T u m o r s  of the lungs  induced  in m i c e  by  DANA: a) t r a b e c u l a r  a d e -  
noma;  on the r i g h t  of the a d e n o m a  i s  a focus  of p r o l i f e r a t i o n  of the a l v e o l a r  
e p i t h e l i u m ;  b) p a p i l l a r y  a d e n o c a r c i n o m a .  H e m a t o x y l i n - e o s i n ,  230x.  

the k i d n e y s  w e r e  s o m e w h a t  e n l a r g e d  and t h e i r  s u r f a c e  was  n o d u l a r  and p a l e  pin k o r  s andy  y e l l o w  in c o l o r ,  and 
in s o m e  c a s e s  n u m e r o u s  t h i n - w a l l e d  v e s i c l e s  f o r m e d  on t h e m ,  and when opened  they  w e r e  s e e n  to be  c a v i t i e s  up 
to 3 m m  in d i a m e t e r .  

The  f i r s t  n e o p l a s m  (a t u m o r  of the lung) was  found in a m o u s e  which  d ied  in the 17th week of the e x p e r i -  
men t .  A l t o g e t h e r  41 m i c e  s u r v i v e d  unt i l  th is  t ime .  L a t e r ,  n e o p l a s m s  of the lungs  w e r e  found in 14 of the 17 
m i c e  which d ied  b e f o r e  the end of the  e x p e r i m e n t  and in a l l  24 a n i m a l s  tha t  w e r e  k i l l ed .  The  n e o p l a s m s  had 
the a p p e a r a n c e  of p a l e  g r a y  nodu les  up to 3 m m  in d i a m e t e r .  The n u m b e r  of t u m o r s  in the m i c e  which s u r -  
v ived  to the end of the e x p e r i m e n t  v a r i e d  f r o m  4 to 36 p e r  a n i m a l  and the mean  n u m b e r  of n e o p l a s m s  p e r  
m o u s e  was  14.6. Mul t ip l e  m e t a s t a s e s  of a t u m o r  of  the lungs  in the p a r i e t a l  p l e u r a  and m e d i a s t i n a l  l y m p h  
nodes  w e r e  found in one m o u s e .  S l ight  e n l a r g e m e n t  of the s p l e e n  was  noted  in 18 m i c e  i n v e s t i g a t e d  at  the end 
of the e x p e r i m e n t .  In nine a n i m a l s  the  w a l l s  of the u r i n a r y  b l a d d e r  w e r e  th ickened .  In one m o u s e  a t u m o r  
m e a s u r i n g  5 • 3 • 3 m m  was  found in the l umen  of the u r i n a r y  b l a d d e r ,  f i l l i ng  i t  c o m p l e t e l y  and invad ing  i t s  
wal t .  

On m i c r o s c o p i c  e x a m i n a t i o n  foci  of d e g e n e r a t i o n  and n e c r o s i s  of the h e p a t o c y t e s  w e r e  found in the l i v e r .  

E x a m i n a t i o n  of the k i d n e y s  r e v e a l e d  d e g e n e r a t i o n  and n e c r o s i s  of the t ubu l a r  e p i t h e l i u m ,  c y s t i c  d i l a t a t i o n  
of the tubu les ,  wi th  many  a l b u m i n o u s  c a s t s  in t h e i r  l umen ,  and foci  of p r o l i f e r a t i o n  of i n t e r s t i t i a l  c e l l s  in the 
c o r t i c a l  l a y e r .  W h e r e  t h e r e  was  p r o l i f e r a t i o n  of the i n t e r s t i t i a l  c e l l s ,  foci  of p r o l i f e r a t i o n  of the t ubu l a r  e p i -  
t h e l i u m  c o n s i s t i n g  of c e l l s  with pa l e  c y t o p l a s m  a l so  w e r e  o b s e r v e d .  In two m i c e  t h e r e  was  m a r k e d  p r o l i f e r a -  
t ion of i n t e r s t i t i a l  c e l l s  wi th  the f o r m a t i o n  of bands  of  f i b r o b l a s t s ,  s u r r o u n d i n g  the tubu les  and c a u s i n g  dea th  
of the e p i t h e l i u m .  P r o l i f e r a t i o n  of the e p i t h e l i u m  with s igns  of p o l y m o r p h i s m  and a typ i a  of the c e l l s  w e r e  
s e e n  in the r e s i d u a l  tubu les ,  and s o m e  c e l l s  could  be s een  with  h y p e r e h r o m i c  nuc le i  and condensed  c y t o p l a s m .  
P r o l i f e r a t i o n  of the e p i t h e l i u m  led to the f o r m a t i o n  of p a p i l l a r y  ou tg rowths  f ac ing  the l umen  of the tubules .  
F o e i  of  i n v a s i v e  g rowth  of  f i b r o b l a s t s  w e r e  found in one m o u s e ,  i n d i c a t i n g  the f o r m a t i o n  of a n e p h r o b l a s t o m a  
( a d e n o s a r c o m a ) .  

In the lungs  of a l l  the m i c e ,  s t a r t i n g  f r o m  the t h i rd  month  of the exper . iment ,  m u l t i p l e  foci  of p r o l i f e r a -  
t ion of the a l v e o l a r  e p i t h e l i u m  w e r e  o b s e r v e d .  A g a i n s t  th is  b a c k g r o u n d ,  s t a r t i n g  f r o m  the four th  month  of the 
e x p e r i m e n t ,  a d e n o m a s  began  to a p p e a r ,  m a i n l y  t r a b e c u l a r  (F ig .  l a ) ,  and l e s s  f r e q u e n t l y  t u b u l a r  and p a p i l l a r y  
in s t r u c t u r e .  A c h a r a c t e r i s t i c  f e a t u r e  of the a d e n o m a s  was  the a b s e n c e  of any c l e a r  b o u n d a r i e s  o r  of a t en -  
dency  to f o r m  a c a p s u l e .  In t h r e e  m i c e  a d e n o c a r c i n o m a s  of the lung w e r e  found with m a r k e d  p o l y m o r p h i s m  of 
the c e l l s ,  and with i n v a s i o n  of the s u r r o u n d i n g  t i s s u e ,  the b r o n c h i ,  and the blood v e s s e l s  (Fig .  lb) .  

In the u r i n a r y  b l a d d e r  p r o l i f e r a t i o n  of the e p i t h e l i u m  was  o b s e r v e d ,  with the f o r m a t i o n  of c a r c i n o m a  in 
s i tu  in one c a s e  and of i n v a s i v e  c a r c i n o m a  in ano the r .  The  t u m o r  a p p e a r e d  a g a i n s t  the  backg round  of a focus  
of h y p e r p l a s i a  of the t r a n s i t i o n a l  e p i t h e l i u m  and i t  c o n s i s t e d  of pa l e  round o r  f u s i f o r m  c e l l s  wi th  l a r g e  nuc le i .  
The  n e o p l a s m  had a so l id  s t r u c t u r e .  
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In addition, diffuse hyperplasia  of the lymphoid t issue with obliteration of the normal  pattern was ob- 
served in the spleen of the mice. Lymphoid infiltration also was found in the kidneys and, less frequently, 
in the liver and lungs, evidence of the formation of lymphatic leukemia. Similar changes also were ob- 
served in some of the intact  animals. 

Injection of DANA into mice, just  as into ra ts ,  thus led to the development of multiple tumors in the 
lungs. The neoplasms developed in all animals after  a relat ively short  time; the f i rs t  adenomas were formed 
as ear ly  as 3-4 months af ter  the beginning of the experiments.  Subcutaneous injection of DANA can accord-  
ingly be recommended for the induction of experimental  lung tumors  in mice. 

It must  also be pointed out that some of the animals developed proliferat ive changes in the kidneys and 
ur inary  bladder (carc inoma of the bladder in two cases  and a malignant tumor of the kidney in one case). 
Possibly by reducing the dose of carcinogen the toxic effect would be diminished and a more selective action 
of DANA on the lungs would be obtained. 
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The state of the cell population of the lymph nodes and thymus was studied by the f luorescent  
probe method in rats  with s a r com a  of the thigh induced by dimethylbenzanthracene.  Statis-  
tically significant changes were found in the uptake of the negatively charged probe 1-aniline- 
8-naphthalene-sulfonate (ANS) in cell suspensions depending on the stage of development of 
the sarcoma.  In the early stages of carc inogenesis  cell forms with a less hydrophobic s u r -  
face and containing fewer binding sites were observed to appear. It is suggested that these 
cells belong to the immature  category.  It is concluded that the f luorescent  probe method is 
suitable for recording  changes in the immunologic status of the organism during carc ino-  
genesis. 

KEY WORDS: chemical  carcinogenesis ;  lymphocytes;  f luorescent  probes.  

Changes in the functional behavior of lymphocytes [6] ,  in the morphological  composition of the lymph 
nodes and thymus [4, 5], and also in the fine surface s t ruc ture  of these cells during carcinogenesis  [3] has 
been studied and described. On the other hand, it is stated in the l i terature that cells at different stages of 
differentiation or function are charac ter ized  by a definite density of their surface negative charges [8], de- 

Scient i f ic -Eesearch  Labora tory  of Experimental  Immunobiology, Academy of Medical Sciences of the 
USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR N. N. Zhukov- 
Verezhnikov.) Translated from Byulleten' t~ksperimental 'noi Biologii i Meditsiny, Vol. 83, No. 1, pp. 73-75, 
January,  1977. Original ar t icle  submitted May 21, 1976. 

This material is protected by copyright registered in the  name of  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, w i t h o u t  wr i t ten  permission o f  the publisher. A copy of  this article is available from the publisher for $ Z 50. 

85 


