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P O S S I B I L I T Y  OF U S I N G  G U I N E A  P I G S  F O R  

S T U D Y I N G  T H E  C A R C I N O G E N I C  A C T I V I T Y  

OF S O M E  E N D O G E N O U S  S U B S T A N C E S  

S. A.  K h r u s t a l e v ,  N. A.  K h a r ' k o v s k a y a ,  
a n d  N. N. V a s i l ' e v a  
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The t ryptophan metabol i t es  3- indolylacryl ic  acid and 2-aminoacetophenone,  whose carcinogenic  
act ivi ty has been demons t ra t ed  by expe r imen t s  on inbred mice ,  were  injected into noninbred 
guinea pigs. Both subs tances  induced tumors  in the animals  of the exper imen ta l  groups e a r l i e r  
than in the control  and the tumors  differed signif icantly in their  morphology f rom those in ani-  
ma l s  of the control  groups,  evidence that both compounds have a carc inogenic  effect.  The r e -  
suits  indicate that guinea pigs can be used to study the carcinogenic  act ivi ty of weak ca r c ino -  
gens of the endogenous c lass .  

KEY WORDS: guinea pigs;  t ryptophan metabo l i t es ;  carcinogenic  act ivi ty;  endogenous c a r -  
cinogens.  

The e x t r e m e l y  low frequency of spontaneous neop lasms  in guinea pigs [6, 11] and the fact  that their  
blood s e r u m  has an inhibi tory effect  on cer ta in  t ransplantable  mouse tumors  [8, 13] has led to the view that 
guinea pigs a re  r e s i s t a n t  to induction of tumors  and, as a resul t ,  the t e r m  "ca rc ino re s i s t ance"  has become 
f i rmly  attached in the spec ia l ized  l i t e ra tu re  to the animals  of this spec ies  [5, 10, 12]. 

Shabad [2],  however,  has shown that guinea pigs are not absolutely r e f r a c t o r y  to the carcinogenic  ac t iv-  
ity of d ibenzanthracene,  and la ter  work has r evea led  the high sensi t ivi ty  of guinea pigs as a spec ies  to n i t roso  
compounds,  aflatoxins,  cycasin,  hormones ,  etc.  [4, 5, 9, 12, 14, 15]. 

The object  of this invest igat ion was to use guinea pigs in an a t tempt  to study the carc inogenic  activity of 
t ryptophan metabol i t es ,  which are  found in an increased  concentra t ion in the urine of pat ients  with leukemia  
and have a carc inogenic  effect  in expe r imen t s  on inbred mice  [1].  

EXPERIMENTAL METHOD 

Experiments were carried out on 90 noninbred guinea pigs of both sexes obtained from the Kryukovo 

nursery at the age of 2 months and kept on a standard diet in individual cages. The animals were divided into 

Exper imen ta l  Animals  Division,  Oncologic Scientific Center ,  Academy of Medical  Sciences of the USSR, 
Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sciences of the USSR L. M. Shabad.) T r a n s -  
lated f rom Byulleten'  }~ksperimental 'noi  Biologii i Meditsiny, Vol. 84, No. 8, pp. 200-202, August, 1977. 
Original a r t ic le  submit ted November  22, 1976. 
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T A B L E  1. L o c a t i o n  and M o r p h o l o g i c a l  F e a -  
t u r e s  of Spon taneous  and Induced  T u m o r s  

of  Gu inea  P i g s  

Location 
Morphologi Number of tumors 
cal features 3IAA [2~Ap ~ -  

I I t t r ~  
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c o m a  
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I - -  J - -  

- -  I l 

- -  2 I I - -  
- ] ,  

I - -  i - -  

t h r e e  g r o u p s .  The  two e x p e r i m e n t a l  g r o u p s  of gu inea  p igs  r e c e i v e d  2 - a m i n o a c e t o p h e n o n e  (2AAP; 20 an ima l s )  
and 3 - i n d o l y l a c r y l i c  ac id  (3[AA;  30 a n i m a l s ) ;  the r e m a i n i n g  40 gu inea  p igs  s e r v e d  as  the con t ro l .  Both c o m -  
pounds  w e r e  i n j e c t e d  s u b c u t a n e o u s l y  in a dose  of 30-50 mg in 0.5 m l  d i s t i l l e d  w a t e r  a t  i n t e r v a l s  of 2 -3  days  for  
3-4 mon ths .  The to t a l  dose  was  550 m g  of 3 IAA and 740 m g  of 2AAP,  which  was  b a s e d  on the r e s u l t s  of s i m -  
i l a r  e x p e r i m e n t s  on m i c e .  A l l  a n i m a l s  of the e x p e r i m e n t a l  and c o n t r o l  g r o u p s  w e r e  k e p t  under  o b s e r v a t i o n  
unt i l  n a t u r a l  dea th .  The  a n i m a l s  w e r e  e x a m i n e d  p o s t  m o r t e m  and m a t e r i a l  was  taken  f r o m  t u m o r s  of the l i ve r ,  
k i d n e y s ,  s p l e e n ,  l y m p h  nodes ,  lungs ,  u t e r u s ,  o v a r i e s ,  and b l a d d e r  and f ixed  in 10% f o r m a l i n  so lu t ion .  P i e c e s  
of the o r g a n s  and t i s s u e s  w e r e  e m b e d d e d  in c e l l o f d i n  or  p a r a f f i n  wax and s e c t i o n s  w e r e  s t a i n e d  with  h e m a t o x y -  
l i n - e o s i n  and a l so ,  w h e r e  n e c e s s a r y ,  wi th  p i c r o f u c h s i n  m i x t u r e ,  by Foo t '  s me thod ,  wi th  azan,  and by o ther  
s p e c i a l  s t a i n i n g  m e t h o d s .  H e m a t o l o g i c a l  t e s t s  ( r ed  and whi te  ce l l  counts ,  d i f f e r e n t i a l  counts)  w e r e  c a r r i e d  out 
p e r i o d i c a l l y  on a l l  the a n i m a l s  fo r  a d i a g n o s i s  of h e m o b l a s t o s e s  d u r i n g  l i fe .  

EXPERIMENTAL R E S U L T S  

A m o n g  a n i m a l s  of the c o n t r o l  g r o u p  7 t u m o r s  w e r e  found in f ive  g u i n e a p i g s  (12.5%). T h e n u m b e r  of neo-  
p l a s m s  in the two e x p e r i m e n t a l  g r o u p s  was  p r a c t i c a l l y  i d e n t i c a l  with tha t  in the c o n t r o l  g roup :  in 6 of the 50 
a n i m a l s  (12%). Howeve r ,  d i f f e r e n c e s  w e r e  found in the t i m e s  of d i s c o v e r y  of the n e o p l a s m s ,  and,  i n p a r t i c u l a r ,  
in the age of the a n i m a l s  at  which  the f i r s t  t u m o r  was  d i a g n o s e d .  W h e r e a s  in the c o n t r o l  g roup  t u m o r s  up-  
p e a r e d  in a l l  f ive g u i n e a  p ig s  m a i n l y  a f t e r  the age of 4.5 y e a r s  (the f i r s t  t u m o r  a p p e a r e d  at  4 y e a r s  3 months ) ,  
in the g r o u p  of a n i m a l s  r e c e i v i n g  3 I A A  the f i r s t  t u m o r  a p p e a r e d  at  the age of 2.5 y e a r s ,  and in the group r e -  
c e i v i n g  2AAP at  3.5 y e a r s .  The  m e a n  age of the a n i m a l s  with t u m o r s  in the e x p e r i m e n t a l  g roups  was 3 y e a r s  
11 m o n t h s  and in the c o n t r o l  4 y e a r s  7 mon th s .  F u r t h e r m o r e ,  the t u m o r s  in the a n i m a l s  of the e x p e r i m e n t a l  
g r o u p s  d i f f e r e d  s i g n i f i c a n t l y  f r o m  those  in the gu inea  p ig s  of the c o n t r o l  g roup  (Table  1). W h e r e a s  in the con-  
t r o l  g r o u p  only n e o p l a s m s  b e l o n g i n g  to the e n d o c r i n e  s y s t e m  a p p e a r e d ,  n a m e l y  a d e r m o t d  cys t  of the ovary ,  
c a r c i n o m a  and t h r e e  a d e n o m a s  of the a d r e n a l  c o r t e x  (F ig .  l a ) ,  the t u m o r s  in the a n i m a l s  of the e x p e r i m e n t a l  
g r o u p s  w e r e  c o n s i d e r a b l y  v a r i e d .  They  inc luded  two l e [ o m y o m a s  of the u t e r u s  (one with p r o l i f e r a t i o n  and 
m i t o s e s ) ,  an a n g [ o s a r c o m a  of the m e s e n t e r y  and s u b c u t a n e o u s  c e l l u l a r  t i s s u e  (F ig .  lb) ,  and a m a l i g n a n t  i s l e t -  
c e l l  t u m o r  (F ig .  l c ,  d). An a n a l y s i s  of the l i t e r a t u r e  shows  that  n e o p l a s m s  such as  m a l i g n a n t  [ M e t - c e l l  t umor  
and a n g i o s a r c o m a ,  d i a g n o s e d  in the a n i m a l s  of the e x p e r i m e n t a l  g r o u p s ,  a r e  e x t r e m e l y  r a r e  or  have not  been 
d e s c r i b e d  at  a l l  among  the s p o n t a n e o u s  t u m o r s  of gu inea  p ig s  [6, 11] .  On this  b a s i s  it  can  be conf iden t ly  con -  
c luded  that  t he se  t u m o r s  a r o s e  as  the r e s u l t  of induc t ion  by the t r y p t o p h a n  m e t a b o l i t e s  t e s t ed ,  by c o n t r a s t  with 
l y m p h a t i c  l e u k e m i a s ,  which  w e r e  found a m o n g  both the c o n t r o l  and e x p e r i m e n t a l  a n i m a l s ~  

The r e s u l t s  of the e x p e r i m e n t s  on n o n i n b r e d  gu inea  p igs  thus r e v e a l  de f in i t e  c a r c i n o g e n i c  a c t i v i t y  of 
2 A A P  and 3 IAA.  No s i g n i f i c a n t  d i f f e r e n c e s  cou ld  be found be tween  the c a r c i n o g e n i c  ac t ion  of the two s u b -  
s t a n c e s .  The g u i n e a  p ig s  w e r e  found to be l e s s  s e n s i t i v e  to endogenous  t r y p t o p h a n  d e r i v a t i v e s  than i nb red  
m i c e  of s t r a i n s  C57BL and CC57BR in ana logous  e x p e r i m e n t s  [1 ] .  It can  a c c o r d i n g l y  be p o s t u l a t e d  that  the 
to ta l  d o s e s  of the s u b s t a n c e s  t e s t e d  w e r e  not  o p t i m a l  for  the m a n i f e s t a t i o n  of t he i r  t rue  c a r c i n o g e n i c  e f fec t  in 
gu inea  p igs ,  a l though the use  of the o p t i m a l  dose  is  one of the m o s t  i m p o r t a n t  cond i t i ons  for  the ac t ion  of c a r -  
c i nogen i c  agen t s  [ 3 ] .  ,The p o s s i b i l i t y  canno t  be r u l e d  out tha t  g u i n e a  p igs  a l s o  a r e  l e s s  s e n s i t i v e  to the c a r -  
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Fig. 1. Spontaneous tumors of guinea pigs and tumors  induced by tryptophan metaboli tes:  
a) pa le-cel l  adenoma of adrenal cor tex in control  female aged 4 yea r s  3 months. Hema- 
toxylin-eosin,  112.5• b) angiosarcoma of subcutaneous cel lular  t issue in male aged 
3 years  11 months receiving 740 mg 2AAP subcutaneously. Vascular  spaces surrounded 
by pale polymorphic cells resembl ing  endothelium can be seen. Hematoxylin--eosin, 200• 
e) malignant i s le t -ce l l  tumor in male aged 4 yea r s  8 months receiving 550 mg 3IAA sub- 
cutaneously; tumor solid in places,  in others t rabecular  in s t ructure ;  sinusoids at foci of 
prol i ferat ion of delicate fibrous connective tissue between trabeculae.  Hematoxylin-eosin 
112.5• d) cytological  preparat ion of same tumor;  large clumbs of chromat in  giving the 
nuclei a dist inctly spotted appearance charac te r i s t i c  of nuclei of cells  of islets of Langer -  
hans. Azure-eos in ,  600• 

cinogenic action of tryptophan metaboli tes  by analogy with the res i s tance  of the animals of this species to some 
clinical carcinogens.  Meanwhile their high sensit ivity to ni t roso compounds, to cycasin,  and so on, also points 
to cer ta in  metabolic pecul iar i t ies  in the animals of this species.  

It has recent ly  been shown that the res i s tance  of guinea pigs to induction of tumors by 2-ace ty lamino-  
fluorene is connected with the special  features of its metabol ism in these animals.  Their  ca rc inores i s tance  is 
also linked with a high blood serum L-asparag inase  level, a charac te r i s t i c  feature of guinea pigs alone [8, 13]. 
Close corre la t ion  has been found between fluctuations in the level of activity of this enzyme and the inhibitory 
effect of guinea pigs' blood serum in experiments  with transplantable tumors  of mice and rats  [8, 13]. 

The age of the guinea pigs plays an important  role in the onset of spontaneous neoplasm. This fact was 
confirmed by the present  experiments  also, for they showed that pract ical ly  no tumors were found in the con- 
trol  animals before the age of 4 years .  In this connection it should be noted that the inhibitory effect of the 
blood se rum of guinea pigs aged 4 yea r s  i s  much weaker than that of guinea pigs aged 1 year  [7], further in- 
direct  evidence of the possible connection between the r e f r ac to r ines s  of these animals to tumors  and their high 
L-asparag inase  level. 

The resul t s  of these observations,  combined with data in the l i terature,  thus suggest  the existence of 
state of relat ive res i s tance  in guinea pigs to the Lnduction of tumors  by cer ta in  carcinogens.  The d iscovery  
of the carcinogenic activity of some of the tryptophan metaboli tes which have been investigated indicates that 
animals of this species can be used to study the carcinogenic proper t ies  of endogenous substances.  
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T R A N S P O R T  OF C a  2+ I O N S  IN T H E  M I T O C H O N D R I A  

OF E H R L I C H ' S  A S C I T E S  T U M O R  C E L L S  

V. V. T e p l o v a ,  V. P .  Z [ n c h e n k o ,  
a n d  Yu .  V. E v t o d i e n k o  

UDC 616-006.6-008.924.1-092.9 

The pat tern of Ca 2+ accumulat ion by tumor mitochondria (MC) was investigated under various 
experimental  conditions. In the absence of penetrating anions tumor MC were shown to take up 
Ca 2+ in only one fifth the amount taken up by liver MC. In the presence  of acetate this di f fer-  
ence was grea te r  still. Inorganic phosphate (Pin) abolished the observed defects of Ca 2§ t rans -  
port  and increased the Ca 2* capacity of the tumor MC considerably.  By contras t  with liver MC, 
Pin also had a stabilizing effect on membrane  permeabil i ty of the tumor MC; this may be the 
cause of the increasee Ca 2§ capaci ty of these MC. 

KEY WORDS: tumor mitochondria;  Ca 2+ t ranspor t ;  membrane permeabil i ty .  

A dis turbance of Ca 2+ homeostas is  in the cells is an essential  stage in the development of pathological 
p rocesses .  It has been shown, in par t icular ,  that the mitochondria  (MC) of tumor cells  can take up and retain 
unusually large concentrat ions of Ca 2§ [4].  However, the causes of the increased Ca-accumulat ing capacity of 
the MC of tumor cells  have not been studied. 

The object of this investigation was to study Ca 2+ accumulation by tumor MC under different exper imen-  
tal conditions. 

EXPERIMENTAL METHOD 

An Ehrlich's ascttes tumor was induced [n sexually mature male albino mice by inLraperitoneal Lnjection 

of l0 G cells of a diploid strain of Ehrlich's ascites carcinoma into each animal. The cells were harvested 

I0 days after inoculation and were separated from the asciLes fluid by centrifugation. MC were isolated by a 
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Pushchino-on-Oka.  (Presented by Academician of the Academy of Medical Sciences of the USSR S. E. Severin.) 
Transla ted f rom Byulleten' l~ksperimental 'noi Biologii i Med[tsiny, Vol. 84, No. 8, pp. 202-205, August, 1977. 
Original ar t icle  submitted Februa ry  24, 1977. 

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] 
lot" this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, J 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $Z50. j 

1159 


