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After  admin i s t r a t ion  of a single dose (by mouth) of  a s e r i e s  of s y m m e t r i c a l  d ia lky ln i t ros -  
amines  ( n i t r o s o d i m e t h y l a m i n e ,  NDMA, n i t rosodie thylamine  - NDEA, and n i t rosodibuty l -  
amine - NDBA) to r a t s  in the m a x i m a l  doses  to le ra ted  b y  pregnant  an imals  (NDMA, 30 
mg/kg ;  NDEA 200 mg/kg ;  NDBA 1200 mg/kg),  only an inc rease  in the mor t a l i t y  among 
the e m b r y o s  was obse rved  on the 3rd,  9th, 10th, and 12th days a f t e r  fer t i l iza t ion.  No t e r a -  
togenic effect  l ikewise was obse rved  a f t e r  the in t rap lacenta l  inject ion of NDMA and NDEA 
(100-300 #g into each  embryon ic  sac) on the 13th day of pregnancy .  In expe r imen t s  in which 
the compounds were  given on the 21st day of pregnancy  a t r ansp lacen ta l  oneogenic effect  was 
found in the  progeny:  NDMA induced t u m o r s  in 5 of 20 (25%) an imals  and NDEA in 15 of 31 
(48%) r a t s  that  surv ived  until  the t ime  of appearance  of the f i r s t  t umor .  Malignant t umor s  
were  f requent ly  s i tuated in the kidneys.  
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Invest igat ion of the p r inc ip les  governing t r ansp l acen ta l  ca rc inogenes i s  may  be a p romis ing  approach  
to the study of the pa thogenes is  of ce r t a in  t u m o r s  found in chi ldren  [3, 15]. Af ter  b r i e f  admin is t ra t ion  in 
r e la t ive ly  high doses  to adult r a t s ,  N-n i t rosod ime thy lamine  (NDMA) has  proved highly effect ive as an in- 
ducer  of kidney t u m o r s  of  va r ious  types ,  including anaplas t ic  t u m o r s  and a d e n o s a r e o m a s  [5, 11, 12]. The 
l a t t e r  a re  analogous to W i l m s '  t um or ,  commonly  found in chi ldren  and r ega rded  as a d i sembryogene t ic  
neop lasm [2]. 

It was accordingly  decided to study the act ion of NDMA and also  of N-n i t rosod ie thy lamine  (NDEA) 
and N-n i t rosod ibu ty lamine  (NDBA), belonging to the group of s y m m e t r i c a l  d ia lky ln i t rosamines ,  on ra t  
e m b r y o s .  

EXPERIMENTAL METHOD 

Noninbred albino rats from the Rappolovo Nursery, Academy of Medical Sciences of the USSR, were 
used. Immediately before use, the substances mentioned were dissolved (NDMA in physiological saline, 
NDEA and NDBA in sunf lower  oil) and injected into r a t s  at va r ious  t imes  of an accu ra t e ly  dated pregnancy.  

In the e x p e r i m e n t s  of s e r i e s  I, in o r d e r  to detect  t he i r  embryo tox ic  and te ra togen ic  action the sub-  
s tances  were  injected once by means  of a gas t r i c  tube in the l a rge s t  doses  to le ra ted  by pregnant  r a t s  (NDMA. 
30 mg /kg ,  NDEA 200 m g / k g ,  NDBA 1200 mg/kg) ,  on the 3rd,  9th, 10th, and 12th days of pregnancy.  These 
t imes  were  chosen on the bas i s  of the r e su l t s  of p rev ious  e x p e r i m e n t s  with NDMA [1], for  when given to 
r a t s  on these  days it had an embryo tox ic  effect .  An a t tempt  was made to detect  the t e ra togen ic  effect  of 
NDMA and NDEA when injected d i rec t ly  into the embryon ic  sac .  Fo r  this purpose  l a p a r o t o m y w a s  p e r -  
fo rmed  on the r a t s  on the 13th day of p regnancy  under  e the r  anes thes ia .  Both cornua  of the u te rus  were  
brought  out into the wound, a f t e r  whleh 0.01-0.02 ml  of the NDMA or  NDEA solution (100-300 pg) was in-  
jec ted  f rom a fine needle into each  e m b r y o n i c  sac f r o m  the m e s o m e t r i a l  aspec t .  The control  f ema le s  
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Fig. 1. Compara t ive  embryo tox ie  act ivi ty  of 
s y m m e t r i c a l  d ia lky ln i t rosamines  for  r a t  e m b r y o s :  
1) 30 m g / k g  NDMA; 2) 200 m g / k g  NDEA; 3) 1200 
m g / k g  I~DBA. C) Morta l i ty  of r a t  e m b r y o s  in 
contro l .  Absc i s sa ,  days of pregnancy at which 
p rocedure  c a r r i e d  out; ordinate ,  pos t implan ta -  
t ion mor t a l i t y  of  e m b r y o s  {in %). 

Fig. 2. Adenosa rcoma  (a) and anaplas t ic  t u m o r  
(b) of the kidneys a r i s ing  in r a t s  a f t e r  t r a n s -  
p lacenta l  action of NDEA. H e m a t o x y l i n - e o s i n ,  
magnif icat ion:  a) 200 • b) 400 • 

Fig. 3, Cholangioma in a ra t  a f t e r  t r a n s p l a -  
cen ta l  act ion of NDEA. H e m a t o x y l i n - e o s i n ,  
200 • 

r ece ived  an injection of the s ame  volume of 
phys io logica l  sal ine into the embryon ic  sac  by 
the s ame  method.  The r e su l t s  were  read  on the 
17th-21st  day of pregnancy,  us ing the o rd ina ry  
method of t e ra to log ic  invest igat ion [1]. In each  
group of this s e r i e s  of e x p e r i m e n t s  at leas t  six 
pregnant  r a t s  were  used.  

In the expe r imen t s  of s e r i e s  II, in o r d e r  
to study the t r ansp l aeen ta l  e f fec t  on the progeny,  
a single injection of NDMA in a dose of 30 m g / k g  
and NDEA in a dose of 150 m g / k g  was given by 
gas t r i c  tube to the r a t s  on the 21st day of p r e g -  
nancy.  The newborn ra t s  were  kept toge ther  with 
the m o t h e r s  during the per iod  of feeding, and 
were  then kept under  obse rva t ion  until  the t ime  
of t he i r  na tura l  death. The cadave r s  of all  the 
an imals  that  died or  that  were  ki l led when t h r e a t -  
ened with death were  autopsied,  and the organs ,  
if  suspec ted  of containing t u m o r s ,  were  fixed in 
Ka i se r l i ng ' s  fluid and t r e a t e d  his to logical ly .  
Mate r ia l  for  h is tological  examina t ion  was e m b e d -  
ded in paraf f in  wax and sect ions  5-7 t~ in th ick-  
ness  were  stained with hematoxyl in  and eosin  and 
by Van Gieson ' s  method.  

EXPERIMENTAL RESULTS 

In the experiments of series I, a single in- 
jection of each of the compounds into rats on the 
3rd, 9th, 10th, or 12th day of pregnancy was fol- 
lowed by an embryotoxic effect only, the intensity 
of which was approximately the same at allperiods 
of pregnancy studied (Fig. 1). Comparison of 
the embryotoxicity of the symmetrical dialkyl- 
nitrosamines and their toxicity for adult rats 
[9] shows that in both cases it decreases with 
lengthening of the alkyl chain. 

In the experiments with intraplacental in- 
jection of NDMA and NDEA all the embryos died. 
In a special control series in which the rats re- 
ceived an intraplacental injection of the same 
volume of physiological saline on the 13th day of 
pregnancy, the mortaIRy among the embryos 
(10-12%) was almost indistinguishable from its 
level in the control animals receiving no treat- 
ment whatever (6-7%). 

The absence of a teratogenic effect in the 
experiments with NDMA, I~DEA, and NDBA, known 
to be highly active mutagens [4] and carcinogens 
[8], indicates that no parallel (or direct link) 
evidently exists between these manifestations of 
biological  act ivi ty .  

The r e su l t s  given in this pape r  agree  with 
the hypothesis  e x p r e s s e d  e a r l i e r  [1] that  ac t i va -  
t ion of s y m m e t r i c a l  d ia lky ln i t rosamines  does 
not take place in the e m b r y o  at s tages  sensi t ive  
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to exhibit ion of the te ra togenic  effect  on account of the absence of dealkylating enzymes .  The embryotoxic  
effect  of these substances is probably based on an indirect  mechanism mediated through the mother .  

In the exper iments  to study the t ransp lacenta l  oncogenic action of NDMA and NDEA, the f i r s t  tumor  
(an adenosa rcoma  of the kidney) was detected in the progeny 274 days af te r  exposure .  By the end of the 
exper iment ,  in the se r i e s  receiving NDMA tumors  were found in 5 of 20 animals (25%), and in the s e r i e s  
with NDEA in 15 of 31 ra t s  surviving until  the d iscovery  of the f i r s t  t umor  (48%). Malignant tumors  of 
the kidneys were c lass i f ied  in 7 cases  :as adenosa reomas  (Fig. 2a) and in one case as an anaplast ie tumor  
(Fig. 2b). A smal l  tubular  adenoma was found in one ra t .  Tumors  of the l iver  were found in four ra t s .  
In th ree  cases  they were cholangiomas (Fig. 3) and in one case a sa rcoma,  developing f rom the wall of 
paras i t i c  cys t .  Ret iculosis  was diagnosed in two ra ts  and a r e t i cu losa rcoma  of the lung in one. Another  
four exper imenta l  newborn ra ts  had a f ibroadenoma of the m a m m a r y  gland, one had a pi tui tary adenoma, 
and one an adenoma of the pale cel ls  of the thyroid  gland. 

Tumors  developed in 9 of the 18 mothe r  ra ts  that survived until  the t ime of appearance of the f i rs t  
t u m o r  (50%). These ra ts  had tumors  of the kidneys (hypernephroma in 3 cases ,  adenosareoma in 2, adenoma 
in3),  the ovary  (granulosa-cel l  t umor  in 2 cases) ,  re t icu los is  in 2 cases ,  and f ibroadenoma of the m a m m a r y  
gland in two cases .  

Tum or s  of the kidneys were observed  previously  in so l i t a ry  newborn ra ts  (5-7%) a f te r  a course  of 
injections of NDMA in the late stages of pregnancy [6], as the presen t  investigation conf i rmed a f t e r  a single 
dose. It was also shown that adminis t ra t ion  of NDEA leads to a higher  f requency of t umor  format ion in 
the newborn ra ts  than adminis t ra t ion  of NDMA. Other  workers ,  in exper iments  to study the t ransplacenta l  
action of NDEA in ra ts ,  found so l i t a ry  tumors  of the kidneys [13], t umors  a r i s ing  in fa i r ly  high f requency 
chiefly in the l iver  [10], o r  a broad spec t rum of neoplasms [7, 14]. These di f ferences  can be explained by 
d i f ferences  in the sensi t iv i ty  of different  ra ts  to NDEA. 

The possibi l i ty  of the exhibition of the t ransp lacen ta l  oncogenic action of NDMA and NDEA in rats  
is probably connected both with the significant exposure  of the fetus to these substances at the end of p reg -  
nancy and with the commencing function of its own enzyme sys tems  activating dialkylni t rosamines  in the 
organs of the fetus.  
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