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The  p rena ta l  and postnata l  carc inogenic  act ion of or thoaminoazotoluene (OAAT) on the l iver  was 
studied in CBA mice .  The  carc inogen  was admin i s t e red  to the mice by the gas t r i c  route in oily 
solution in t h r e e  doses  each of 4 rng (total 12 rag). T u m o r s  of the l iver  were  found 12 months 
a f te r  admin i s t r a t ion  of OAAT in the postnata l  per iod  in f ema le s  in 89.3% of ca se s  compared  
with 11.5% in the control  and in m a l e s  in 78.7% of ca se s  compared  with 68.5% in the control .  
In the expe r imen ta l  p rogenies  exposed to OAAT during the l a s t  4-5 days  of p rena ta l  develop-  
ment  t umor s  of the l iver  were  found in f emales  at the age of 12 months in 54.8% of cases  com-  
pa red  with 5.3% in the control  and in m a l e s  in 81.1% of ca se s  compared  with 35.2% in the con- 
t ro l .  In the expe r imen ta l  p rogenies ,  e spec ia l ly  in males ,  mal ignant  neop lasms  were  found m o r e  
often than in intact  an imals  or  those exposed to OAAT in the pos tna ta l  per iod.  
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The  poss ib i l i ty  of t r ansp lacen ta l  ca rc inogenes i s  has  now been demons t ra ted  exper imenta l ly  for  var ious  
c l a s s e s  of carc inogens ,  including aminoazo compounds,  one of which is or thoaminoazotoluene (OAAT) [1, 2, 
5-8, 11]. For  this r e a s o n  the quest ion of age sensi t iv i ty  of the embryo  and the adult to carcinogenic  exposure  
is of cons iderable  theore t i ca l  and p rac t i ca l  in teres t .  The carc inogenic  aminoazo  compounds have r ece ived  
l eas t  study in this  r e s p e c t .  Exper imen t s  were  c a r r i e d  out in vi t ro  and in vivo to study the effect  of OAAT on 
the l iver  of embryonic  and adult mice .  P r e v i o u s  exper iments  in v i t ro  had shown the high sensi t iv i ty  of the 
embryonic  mouse  l iver  to OAAT: During organotypic  cul ture  of the l iver  f r o m  embryos  exposed to OAAT in 
the p rena ta l  per iod  an inc rease  in the r a t e  of surv iva l  of expe r imen ta l  explants was obse rved  compared  with 
the control ,  and hyperp las t ic  changes developed in t hem [3, 4]. I t  was postulated that  these  changes induced 
by OAAT in the cu l tures  a r e  p r e c a n c e r o u s  and s imi l a r  to those  obse rved  by the w r i t e r s  p rev ious ly  during the 
cul ture  of other t a rge t  t i s sues  exposed to carc inogenic  f ac to r s  in the p rena ta l  per iod [8]. It  was accordingly 
decided to study the consequences of  t r ansp lacen ta l  action of OAAT on the l iver  in expe r imen t s  in vivo. 

This  paper  d e s c r i b e s  the r e s u l t s  of a compara t ive  study of ca rc inogenes i s  of the l iver  in mice  exposed 
to the act ion of OAAT during p rena ta l  and pos tna ta l  development .  

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

Expe r imen t s  were  c a r r i e d  out on CBA mice  (213 f ema le s  and 197 males) ,  which a r e  dist inguished by a 
high incidence of spontaneous l iver  tumors ,  espec ia l ly  in males ,  and by sensi t iv i ty  to the hepatot ropic  ca r c ino -  
genic act ion of chemica l  carc inogens ,  espec ia l ly  OAAT. To  study the p rena ta l  effect  of OAAT on the progeny 
it was admin i s t e r ed  to pregnant  f ema les  4-5 days before  pa r tu r i t ion  by the gas t r i c  route in an oily solution in 
the f o r m  of 3 doses  with a total  dose of 12 mg per  mouse .  The  progenies  of the exper imenta l  f ema le s  we re  
kept with the mo the r s  throughout the per iod  of lactation,  a f te r  which they were  separa ted .  To study the p o s t -  
natal  effect  of OAAT of the l iver  of adult  mice,  the s a m e  doses  of the carc inogen were  given at  the age of 3 
months.  The exper imen ta l  mice  and the i r  p rogenies  w e r e  killed 12 months a f t e r  admin is t ra t ion  of OAAT and 
t u m o r s  found on the sur face  of the l iver  were  m e a s u r e d  and counted, a f te r  which they were  invest igated h i s -  
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TABLE 1. Frequency of Appearance of Liver  Tumors  in Mice Exposed to Prenata l  and 
Postnatal  Action of OAAT 

Males Females 
~0~" number of mice , d ,. number of mice , 0 �9 �9 ~ ,~ ~ with tumors oI o ~o !~ with tumors of ~ ~ > 

Series of E ~a ~ liver o~;~ ~ ~ ~ liver 
experiments ~ ~ -~ X~oo t~'| xn'E go g E= g *  absolute % -v=>. H.~ ',absolute % =E ~B 

Prenatat exposure to { 
OAAT 12 44 36 81,1 ~i 6.4 42 23 54,8 4,9 

p . ~ 0,001 < 0,001 
Postnatal exposure to 

OAAT 15 47 37 78,7 4,3 47 42 89,3 9,2 
p <0,01 <0,001 

Control (intact 12 68 I 42 35,2 1,8 56 3 5,3 1,0 
mice) 15 54 [ 37 68,5 2,2 52 6 t 1,5 2,6 

Legend. Values of P given by comparison with intact mice of corresponding age and sex. 

tologically in paraffin sections stained with hematoxylin and eosin. Intact  CBA mice of the corresponding sex 
and age (12 and 15 months) served as the control .  The )/2 method was used for s tat is t ical  analysis  of the r e -  
sults.  

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

On macroscopic  examination of the l iver of the experimental  mice exposed to the prenatal  and postnatal 
action of OAAT, and also of intact mice  aged 12-15 months, multiple whitish nodules measur ing  f rom 1 to 10 
mm in diameter  were found. Microscopical ly  these neoplasms were typical benign hepatomas or hepatocellular 
carc inomas  of var ied  histological s t ructure ,  t rabecular ,  tubular;  anaplast ic carc inoma of solid type was the 
commonest  fo rm found. As a ru le  both benign and malignant tumors  of different histological  type could be found 
in the same animal.  Besides developed tumors ,  p recance rous  changes consist ing of diffuse and focal p ro l i f e ra -  
tion of hepatocytes were  found in the experimental  and control  mice.  

Comparison of the frequency of liver tumors  in the intact and experimental  mice exposed to a carc ino-  
genic action of OAAT during prenatal  and postnatal  development showed that it was higher in the experimental  
groups.  

It will be c lear  f rom Table 1 that after  postnatal  exposure of mice aged 3 months to OAAT they developed 
l iver  tumors  12 months later,  i.e., at the age of 15 months: in 78.7% of cases  in males  compared with 68.5% 
in the control  and in 89.3% of cases  in females  compared with 11.5% in the control .  Postnata l  exposure to OAAT 
led to a marked increase in the frequency of  development of l iver tumors  evidently only in females.  In males 
the increase  was not so pronounced, evidently because of the a l ready high frequency of tumors  in intact indi- 
viduals.  However, the difference was s tat is t ical ly significant both for females (P < 0.001) and for males  (P < 
O.Ol). 

After administrat ion of the same dose of OAAT to pregnant  females  their  progenies  also developed l iver 
tumors  at the age of 12 months: in 81.8% in males  compared with 35.2% in the control  (P < 0.001) and in 54.8% 
of cases  in females compared with 5.3% in the control  (la < 0.001). The dimensions of the tumors  and their  
multiplicity were grea te r  in the experimental  mice than in the controls  of the corresponding age and sex. For  
instance, the index of multiplicity of l iver  tumors  in mice receiving OAAT in the postnatal  period (F0) was 9.2 
in females  and 4.3 in males,  compared  with 2.6 and 2.2 in the corresponding controls .  In mice exposed to OAAT 
in the prenatal  per iod this index (F1) was 4.9 in females  and 6.4 in males compared with 1.0 and 1.8 in the cor -  
responding controls  (Table 1). 

Besides liver tumors ,  adenomas of the lungs also were found in the mice of the groups studied. However, 
their  f requency in the experimental  mice was virtually indistinguishable f rom the control:  20.8-21.1% in fe-  
males  and 11.3-12.9% in males.  

Depending on the experimental  conditions, the progeny of the experimental  mice  receiving OAAT in the 
last  third of pregnancy may have been exposed to the carcinogen not only in the prenatal  period but also in the 
ear ly  postnatal  period,  as a resul t  of rece iv ing  it through the mothe r ' s  milk. There  a re  repor t s  in the l i te ra-  
ture  of the induction of tumors  in progenies  by chemical  carc inogens  derived f rom the milk of the experimental  
females ,  notably OAAT [1]. However,  the carcinogenic effect in the experimental  progenies  under these c i r cum-  
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stances  was smal l  compared  with that which developed in the case  of the t ransplacenta l  action of the ca rc ino -  
gen. With these facts in mind, it can tentat ively be suggested that in the p resen t  exper iments  the carcinogenic 
effect  in the exper imental  progeny was due mainly to the t ransplacenta l  action of OAAT in the prenata l  per iod.  

The r e su l t s  a r e  evidence of the high sensi t ivi ty of the l iver  in embryonic  and neonatal  mice to carc ino-  
genic factors ,  for the doses of  OAAT given was small  compared with those usually used for the exper imenta l  
product ion of l iver  tumors  [7]. The scheme used in these exper iments  for adminis t ra t ion  of OAAT (3 doses,  
each of 4 mg, total 12 mg, by the gas t r ic  route) enabled benign and malignant hepatomas to be obtained in mice 
in a large number of cases ,  i.e.,  it provides  a convenient exper imental  model of hepatocarc inogenesis .  

Comparison of the frequency of appearance of tumors  in mice exposed to the postnatal  and prenata l  action 
of OAAT showed that in the lat ter ,  especia l ly  in females ,  it was lower (54.8%) than in thei r  mothers  (89.3%). 
The lower carcinogenic effect  in the progeny may depend on severa l  fac tors .  It may be connected with the fact 
that the exper imenta l  females ,  at the t ime of investigation, were  3 months older  than their  own progeny.  During 
that t ime the frequency of tumors  in the la t ter  may have increased,  just  as  happened in the intact mice (Table 
1). This  may perhaps  be explained by the mechanisms of the carcinogenic action of OAAT and the b a r r i e r  
function of the placenta.  Most carcinogenic substances,  including OAAT, a re  known to undergo metabolic ac t i -  
vation and detoxication in vivo. As a resul t ,  some of the carcinogen may be excre ted  by the mother  without 
reaching  the embryos ,  for a cer ta in  length of t ime is needed to overcome the placental  b a r r i e r .  A s has been 
shown in the case  of polycycl ic  a romat ic  hydrocarbons (PAH) the effect iveness  of the i r  penetra t ion into embryos  
and, consequently, the probabi l i ty  of t ransplacenta l  carc inogenesis ,  is determined by the permeabi l i ty  of the 
placenta and the dose and method of adminis t ra t ion  of the carcinogens to the pregnant  female  [9, 10]. In pa r -  
t icular ,  af ter  in t ragas t r ic  adminis t ra t ion of comparat ively  small  doses of PAH, as was the case  in the p resen t  
exper iments  with OAAT, much less  of the substances passes  through the placenta and thei r  accumulation in 
the fetuses  r eaches  its maximum la ter  than after  other methods of administrat ion.  Taking all these fac tors  
into considerat ion,  in the p resen t  exper iments  a compara t ive ly  high carcinogenic effect  was observed in the 
exper imental  progeny.  In the exper imenta l  male offspring it was indistinguishable f rom the effect  in males  
exposed to the carcinogenic  action of OAAT in the postnatal  per iod.  It must be r emembered ,  however, that 
unlike in females ,  a high level  of spontaneous l iver  tumors  in males  could cancel out the difference in the f r e -  
quency of induced l iver  tumors  in the groups of mice mentioned above. 

P rena ta l  exposure  to OAAT also led to a more  malignant course  of hepatocarcinogenesis  in mice,  e s -  
pecial ly  in males .  In intact males ,  for instance, malignant tumors  of the l iver  accounted for 57.9% of all tu-  
mors  found, in males  exposed to  OAAT in the postnatal  per iod they accounted for  83.8%, and in males  exposed 
in the prenata l  per iod  for 94.3%. 

These  observat ions  thus demonst ra te  the high sensi t ivi ty of the mouse l iver  to carcinogenic fac tors  in 
the prena ta l  per iod and, in par t icu la r ,  to adminis t ra t ion of OAAT. 
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