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The oncogenic act ion of carc inogenic  aminoazo compounds (or thoaminoazotoluene and 4 -d i -  
methylaminoazobenzene)  and cycl ic  amines  (orthotolidine and 3 ,3 ' -d ichlorobenzidine)  was 
mani fes ted  in the progeny of BALB/c  mice  as a s ta t i s t ica l ly  significant i nc rease  in the f r e -  
quency of all  t um or s  in the progeny of the expe r imen ta l  an imals  c o m p a r e d  with those of the 
contro l  mice . .  After  admin i s t r a t ion  of the ca rc inogens  tumors  appeared  in new si tuations,  
notably l eukemias  and l iver  tumors .  As a r e su l t  of the  action of noncarcinogenic analogues 
f rom the group of aminoazo compounds (para -aminoazoto luene  and diethylaminoazobenzene)  
no signif icant  d i f f e rences  were  obse rved  between the progenies  of the exper imen ta l  and con-  
t ro l  group. 
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nonc arcinogenic  analogues.  

The poss ib i l i ty  that  t um or s  can develop in  the progeny of expe r imen ta l  mice t rea ted  with oncogenic 
agents  was es tab l i shed  in pr inc ip le  about 50 y e a r s  ago [10, 11, 17]. It is only recen t ly ,  however ,  that r e -  
s ea rch  in this d i rec t ion  has  taken place on a cons iderab le  sca le ,  as a r e su l t  of which many subs tances  have 
been shown to be capable  of exer t ing  a t r ansp lacen ta l  oncogenic action [1, 5, 13, 14, 16, 19]. Most chemica l  
compounds,  however ,  have not been studied in this r e spec t .  In the w r i t e r s '  l abora to ry  sys temat ic  studies 
speci f ica l ly  of t r ansp lacen ta l  ca rc inogenes i s  have been in p r o g r e s s  for s eve ra l  y e a r s ,  to examine the b e -  
havior  not only of well  studied oncogenic agents ,  but also of compara t i ve ly  neglected chemica l s  [4, 7, 12].  

This  pape r  gives data on the oncogenic effect  obse rved  in the progeny of expe r imen ta l  mice rece iv ing  
carc inogenic  aminoazo compounds  [or thoaminoazotoluene (OAAT) and 4-d imethylaminoazobenzene  (DAB)] 
and their  noncarcinogenic  analogues [para -aminoazo to luene  (PAAT) and die thylaminoazobenzene (DEAB)], 
as well  as  cyclic  amines  [orthotolidine (OT) and 3 ,3 ' -d iehlorobenzidine  (DCB)] during pregnancy.  Whereas  
the carc inogenic  aminoazo compounds have been c o m p a r a t i v e l y  well  studied and the poss ib i l i ty  of their  
t r ansp lacen ta l  action has  even been demons t r a t ed  [2, 8, 9, 15, 20, 21],  the cycl ic  amines  have rece ived  much 
l e s s  study and no data  could be found in the acces s ib l e  l i t e r a tu re  on their  t r ansp lacen ta l  oncogenic action 
[6, 18]. 

EXPERIMENTAL 

Exper imen t s  were  c a r r i e d  out on BALB/c  mice.  In the las t  week of pregnancy the an imals  were  given 
four o r  five subcutaneous inject ions of the subs tances  l is ted above,  d issolved in sunflower oil. OT and DCB 
were  given in doses  of 2 mg per  injection in 0.1 ml  sunflower oil, i .e. ,  the animal  rece ived  a total  of 8- 
10 mg of the compound. The r ema in ing  subs tances  (OAAT, PAAT, DAB, DEAB) were  injected in doses  of 
24 mg in 0.2 ml  sunflower oil pe r  injection, i .e . ,  the total  dose was 96-120 mg per  mouse.  
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T A B L E  1. O n e o g e n i c  A c t i o n  of  Some  N i t r o g e n  C o m p o u n d s  on the 

P r o g e n y  of  B A L B / c  M i c e  

Com- 
pound 

Control 
DAB 
DEAB 

OT 
DCB 

Number of 
mice 

30 (I 9Q q- 11 c3') 
95 ( I 0 9 - F 1 5 0  ~) 
24 ( l  6 Q .-}- 80") 
41 (19Q-~-220 ~) 
25 (18Q q-7c~) 

16 (7 Q -J- 9(if) 
24 ( 1 1 0 ~ 1 3 C f )  

Number of Number of tumors of different types 
] mice with tumors .]h~. ' "  mare- ]le" I other 

of the a~'ffmas imary k~n~ias tumors [tumors 
lungs tumors 

I 6 , 6  0 , 0 5  1} 1 2 , 5  1 8 , 7  - -  
24 5 8 , 5  0 , 0 0 1  1 1 4 2 , l  3 7 , 3  3 ,51 4 16 ] 0 , 0 5  - -  - -  - -  

50 ~0,05 I 3 7 , 5  3 7116'6,4 
].3 5 4 , I / 9 , 0 I  1 56 ? o , 8  - 4 36,3 -~ ?~1 

iThe percentage of mammary gland tumors was obtained by dividing 

their number by the number of females. 

2Among the other tumors, one cavernous hemangioma and one my- 

oma were observed after treatment with DAB and one myoma and 
two intestinal tumors after treatment with OAAT. 

The progeny" was kept together with the experimental animals throughout the period of lactation and 

taken from them at the age of 3-4 weeks. Many of the progeny of the experimental animals died during 

the first few days after birth. Observations continued on the surviving mice until their natural death. Most 

of them survived for 18-20 months, some died at the age of 10-12 months. Altogether 155 experimental 

animals (81 females and 74 males), the progeny of 78 experimental mice, were studied. The control group 

consisted of intact mice born from intact females and fed by them. 

The mice which died were examined macroscopically and sections were cut from their organs. The 

results were subjected to statistical analysis by the Student-Fisher method. The results are summarized 

in Table I. 

R E S U L T S  

As T a b l e  1 shows ,  the c o n t r o l  g r o u p  of  a n i m a l s  gave  a low f r e q u e n c y  of  m a m m a r y  g land  t u m o r s  (15 %). 
In t h e i r  m o r p h o l o g i c a l  s t r u c t u r e  t hey  w e r e  a d e n o m a s .  T u m o r s  of  the  lungs  a p p e a r e d  in 10% of  c a s e s  and 
w e r e  t y p i c a l  m i x e d  g l a n d u l a r  and p a p i l l a r y  a d e n o m a s  as  f r e q u e n t l y  d e s c r i b e d  [3, 4]. 

T u m o r s  w e r e  found in 14 of  25 c a s e s  in the  p r o g e n y  of  the m i c e  r e c e i v i n g  DAB, o r  56% (P < 0.001). 
Just as in the control, adenomas of the lungs (32 ~; P <0.05) and tumors of the mammary glands (70%; 

P < 0.001) were observed in these animals. In another three cases tumors of the liver, consisting of single 

and multiple nodules, were found. On microscopic investigation they were hepatomas of the trabecular 

type, with a varied degree of atypism. Lymphatic leukemias were found in two cases. Examination of the 

progeny of the mice receiving the noncarcinogenic analogue, DEAB, revealed no significant differences 
from the control (Table i). 

Injection of OAAT into the pregnant mice also induced tumor development in their progeny. Tumors 

were found in 24 of 41 experimental mice, i.e., in 58.5% of cases (P<0.001). A considerable increase in the 

number of tumors compared with the control also was observed in this series of experiments. For instance, 

36.5 % of cases (P < 0.01) compared with I0 % in the controls, and mammary gland tumors in 42.1% (P < 0.01) 

compared with 15 % of cases. As in the preceding series, the lung tumors as a rule were multiple adeno- 

mas of different sizes and of the tubular or tubulo-papillary type. In four cases, however, adenocarcinomas 
were found. Tumors of the mammary glands were adenocareinomas. 

Just as after treatment with DAB, OAAT led not only to an increase in the number of "spontaneous" 

tumors, but tumors also appeared in new situations. In five cases, for example, tumors developed in the 

liver. These were hepatomas, single and multiple. Three of them, moreover, were found in animals dy- 

ing at the age of 12 months. Leukemias were observed in nine mice (21.9%; P <0.01): lymphatic leukemia 
in five animals and reticulosis in four. 

Examination of the progeny of mice receiving the noncarcinogenic analogue, PAAT, during pregnancy 
revealed no significant differences from the control group (Table 1). 

Administration of cyclic amines to the pregnant animals also led to a substantial increase in the fre- 

quency of tumors in the experimental progeny compared with the control. After treatment with OT, half of 
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the 16 mice studied were  found to have tumors :  adenomas  of the lungs in six (37.5%; P <0.01) and tumors  
of the m a m m a r y  glands in five (71.4%; P <0.001). 

Under the influence of DCB t um or s  developed in 13 of the 24 mice (54.1%; P <0.01). The t umo r s  were  
adenocarc inomas  of the m a m m a r y  glands in four mice (36.3 %; P >0.05), adenomas  of the lungs in five mice  
(20.8%; P >0.05), and lymphat ic  leukemia  (absent in the control)  in seven mice  (29.1%; P <0.01). 

The invest igat ion thus demons t ra t ed  a s ta t i s t i ca l ly  s ignif icant  i nc rease  in the total number  of t umors  
in the expe r imen ta l  progeny (compared with the intact  control) af ter  admin is t ra t ion  of carcinogenic  amino-  
azo compounds (OAAT and DAB) and cycl ic  amines  (OT and DCB). It mus t  be emphas ized  that af ter  t r e a t -  
ment  with noncarcinogenic analogues of the group of aminoazo  compounds (PAAT and DEAB) no significant  
d i f fe rences  were  obse rved  between the progeny of the expe r imen ta l  mice and the contro l  group. After  t r e a t -  
ment  with the ca rc inogens  t u m o r s  also appeared  in new si tuat ions,  p r i m a r i l y  t umors  of the l iver  and leu-  
kemias .  Leukemias  were  obse rved  under the influence of all  the oncogenic agents  except  OT. Hepatomas  
appeared  only af ter  t r e a t m e n t  with the hepatot ropic  agents  OAAT and DAB. 

Because of the scheme  chosen for the e x p e r i m e n t s  the obse rved  inc rease  in the number  of tumors  in 
the exper imen ta l  an imals  could have been caused  in another  way than by the t ransp lacen ta l  action of these 
subs tances .  Being excre ted  f r o m  the body compara t i ve ly  slowly, the:r could be t r ansmi t t ed  through the mi lk  
of the~ lacta t ing mothers .  This  poss ib i l i ty  has  been demons t r a t ed  exper imenta l ly  both for aminoazo c o m -  
pounds [2, 9] and also for  o ther  carc inogenic  subs tances  [13]. In the e x p e r i m e n t s  desc r ibed  above, the action 
of the subs tances  was evidently combined - t r ansp laeen ta l  and postnata l  - in the ea r ly  and ve ry  sensi t ive  
per iod of life. 

The r e su l t s  of the e x p e r i m e n t s  e spec ia l ly  with the cyclic  amines ,  which a re  used in some c a s e s  in 
the aniiine dye industry,  make it impera t ive  to take into cons idera t ion  the possible  carcinogenic  action of 
these compounds both on p e r s o n s  in d i r ec t  contact  with them, and on their  p rogeny  ( t ransplacentaI  t r a n s -  
miss ion ,  t r a n s m i s s i o n  through the milk of lacta t ing mothers ) .  
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