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The transplacental action of dimethylnitrosamine (DMNA) and n-nitrosomethylurea (NMU) 
in organ cultures of Wistar rat  embryonic kidneys was manifested as a higher rate of 
survival of the experimental cultures than the controls and intensified hyperplasia of the 
epithelium. The lesions included diffuse and focal proliferation, layers of atypical epitheli- 
um and, in the experiments with DMNA, cystic and papillary formations resembling cystad- 
enomas. Hyperplastic changes were more marked in the experiment with DMNA than in the 
experiment with NMU. 

One way to study the transplacental action of carcinogenic substances is the method of organ cultures 
[5-7, 10, 14]. Investigations in the wri ters '  laboratory have shown that organ cultures of the kidneys can be 
used in research  of this type [2-4, 8, 9, 12]. 

The object of this investigation was to study the transplacental action of dimethylnitrosamine (DMNA) 
and n-ni trosomethylurea (NMU) on organotypfcal cultures of Wistar rat  embryonic kidney tissue. 

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

In the last week of pregnancy female rats received subcutaneous injections of DMNA and NMU in a 
dose of 30 mg/kg  body weight in 0.2 ml water on two occasions, so that each animal received 60 mg/kg  of 
the test substance. Cultivation was carr ied  out by the method proposed by Chen [13] in Adil 'gtreva's modi- 
fication [1], which is now used in the wri ters '  laboratory. Altogether 373 control and 550 experimental ex- 
plants were studied. 

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

Investigation of the explants treated with DMNA and NMU showed a higher rate of survival of the ex- 
perimental cultures than the controls.  Whereas the control cultures died chiefly on the 21st-23rd day, in 
the experiments with both nitroso-compounds the number of surviving explants was about 70% at that par-  
ticular period of cultivation. The experimental explants retained their viability as a rule until the 28th day 
of cultivation. Altogether, starting from the 18th day of explantaticia, 12.1% of cultures survived in the con- 
t rol  group, 68% in the group treated with NMU, and 63% in the group treated with DMNA (Table 1). 

A study of the control explants throughout the period of cultivation showed that in their  morphological 
structure they resembled organ cultures of mouse kidney [3, 4, 8, 12]. It should be emphasized that cells 
forming structural  elements in the rat  kidneys appeared larger  and areas of connective tissue were found 
much more often in them. The control cultures of rat  embryonic kidneys passed through a certain cycle 
of changes during the period of explantation which was similar to that observed in experiments on mice of 
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TABLE 1, Rate  of Surviva l  and H y p e r p l a s i a  of Ep i the l ium in Organ 
C u l t u r e s  of  Ra t  E m b r y o n i c  Kidneys  Exposed  to T r a n s p l a c e n t a l  
Act ion of DMNA and NMU 

Duration of expt. 
(days) 

Con~'o._. 1 . _ _  DMNA 

[no. of [ no. of 

/ a l ~  I 

3 4 

I / no. of 
lex_W_B__~ 

4 
7 

10 
t4--15 
18--20 
21 --23 
25--28 

72 t 72 73 73 
58 55 
63 35 
52 
31 
24 

71/ 75 
8170 
6540 
4128 
3121 
26118 

[40 
5 3l 25 

29 20 
33 23 
24 18 
18 10 

T o t a l  . . . 373 248 2 338261 10 1O 111 2~ 11212166 

after 18th day of 
cultivation 

No. of explants 
with hypexplasia 
of epithelium 
(in %) 

:I-] :68: 
! ti- 

4 61318 t 

126 

Legend:  1) ou tgrowths ;  2) diffuse hype rp l a s i a  of tubu la r  ep i the l ium;  
3) focal  p ro l i f e ra t ion  of  tubula r  ep i the l ium;  4) l a y e r s  of ep i the l ium;  
5) cys t i c  s t r u c t u r e s  r e s e m b l i n g  c y s t a d e n o m a s .  

T A B L E  2. Resu l t s  of Action of DMNA and NMU on Organ  Cu l tu re s  
of  W i s t a r  Rat  Kidney 

Disuibution of hyperplastic lesiom 
Conlrol DMNA NMU of epithelium by types 

Outgrowths 

Diffuse hyperplasia of tubular 
epithelium 

Focal proliferation of tubular 
epithelium 

Epithelial layers 

Cystic structt~es resembling 
eystadenomas 

Toml . .  

0,8% 

m 

0,8% 

3,8% 
PC-1 ~0,01 

3,8% 

PC-1 <0,01 
4,2% 

Pc-l<O,Ol 
8,4% 

PC -1 .(0,001 
4,2% 

PC-1 dO,Ol 

24,4% 
PC-1 (0,001 

P 2,4% 
C-2 ~0,05 

3,6% 

PC-2~0,05 
1,8% 

PC-2 ~0,05 
4,8% 

PC-2~0,Ol 

12,6% 
PC -2 ~0,001 

Legend:  P)  c r i t e r i o n  of  s ign i f icance  d e t e r m i n e d  f r o m  the F i s h e r -  
Student table ;  P C - l )  s t a t i s t i ca l  s ign i f icance  of d i f f e rences  between 
act ion of DMNA and con t ro l ;  PC-2 )  s t a t i s t i ca l  s ign i f icance  of d i f f e r -  
ences  between act ion of NMU and c o n t r o l .  
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Fig.  1. Resul ts  of t r ansp lacen ta l  action of DMNA (60 rag, subcutaneously)  on organotypical  cu l tures  of Wis -  
t a r  ra t  embryonic  kidney t i ssue:  a) focal pro l i fe ra t ion  of tubular  epi thel ium (14th day of explantat ion;  150x); 
b) c y s t i c - p a p i l l a r y  focal  s t ruc tu re  r e sembl ing  cys tadenoma (18th day of explantat ion;  150x) ;  c) epithel ial  
l ayer  consis t ing of a typical  cel ls  (18th day of explantat ion;  300 x ) .  

different  s t r a ins ,  and which cons is ted  essen t ia l ly  of some growth of the epi thel ium at the pe r iphe ry  of the 
kidney explant followed by p rog re s s ion  of the degenera t ive ,  necrobiot ic ,  and necro t ic  phenomena,  causing 
death of the cul tures  a f te r  2-3 weeks [12]. 

The r e su l t s  of the t ransp lacenta l  action of DMNA and NMU are  compa red  in Table  1. In the e x p e r i -  
menta l  cu l tures  morphologica l  changes were  found far  m o r e  often than in the control .  For  ins tance,  s t r u c -  
tura l  outgrowths were  observed  in 3.8% of explants t r ea ted  with DMNA and in 2.4~c t r ea t ed  with NMU, c o m -  
pared  with only 0.8~c in the control .  In addition, in explants t r ea t ed  with n i t roso-compounds  hyperp las t ic  
les ions  were  found in the epi thel ium which did not occur  in the control .  These  included diffuse and focal 
prol i fera t ion  and l aye r s  of a typical  epi thel ium.  

In the exper iment  with DMNA diffuse hyperp las i a  began to appear  on the 7th day of cult ivation and 
these  changes continued main ly  until  the 14th-15th day. In the exper iment  with NMU this p roces s  began 
r a t h e r  la te r ,  on the 10th day, and it ended at the s ame  t ime.  The appearance  of the f i r s t  signs of hype rp la s i a  
was e x p r e s s e d  in Individual explants as an i nc r ea se  in the number  of cel ls  forming tubules,  widening of the i r  
lumen,  and the appearance  of a r ea s  consis t ing of s e v e r a l  l aye r s  of epi thel ial  ce i l s  at  the p e r i p h e r y  of the 
f r agmen t s .  Intensif icat ion of the hyperp las i a  led to gradual  obl i terat ion of the s t ruc tu re  of the kidney and 
to d i sappearance  of the boundar ies  between the tubules .  In some explants the hyperp las t ic  p r o c e s s e s  were  
so intensified that  individual tubules sp read  beyond the su r face  of the f r agmen t  to fo rm "buds" and smal l  
outgrowths.  

Star t ing f rom the 10th day of cult ivation in the expe r imen t s  with DMNA and NMU loci of prol i fera t ion  
were  obse rved  (Table 1). These  foci could be seen both at the pe r iphe ry  and in the center  of the explants .  
The i r  c h a r a c t e r i s t i c  fea ture  was the p r e s e n c e  of a typical ,  often hype rch romic ,  epithel ium which in mos t  
cases  was found at the si te of the "hyper t rophied"  tubules .  In some cases  foci of pro l i fe ra t ion  sp read  over  
the whole explant and showed a g r ea t  va r i e ty  of f o rms  of atypical  epi thel ium. This va r i e ty  in all  probabi l i ty  
was caused  by the extension of the hyperp las i a  to affect  all  s t ruc tu ra l  e l ements  in the kidney t i s sue .  As a 
ru le  in these  foci both epi thel ial  ce l l s  of the hyper t rophied  tubules and also smal l ,  hype rch romic  cel ls  
which, in some ca se s ,  appeared  on the su r face  of the explant,  could be seen.  In addition, la rge ,  pale,  ep i -  
thelial  ce l ls  forming a r ea s  consis t ing en t i re ly  of these  ce i l s  were  quite often obse rved  in the cen te r  of the 
explant (Fig. l a ) .  

In the exper imen t s  with both ca rc inogens  dist inct ive epithelial  l aye r s  often spreading  over  the whole 
explant  and obse rved  in conjunction with genera l  n e c r o s i s  of the whole f r agmen t  were  found (Fig. lb) .  In 
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some cases  the epithelial cells  emerging on the surface of the explant formed s t ruc tures  resembling papil- 
l a ry  outgrowths.  Under the influence of NMU, the layers  formed by epithelial cells were more  compact  and, 
in some cases ,  they were separated by a distinct border  from the res t  of the explant. Finally, in some cases  
in experiments  with DMNA cyst ic  s t ruc tures  with papil lary appendages, c lear ly  demarca ted  f rom the su r -  
rounding t issue,  could be observed in the organ cultures of the rat  embryonic kidney (Fig. lc ) .  Neoplasms 
of this type can be considered to be cys tadenomas .  It may be recal led that cystadenomas of the kidneys 
have been induced in mice  in vivo by the same carcinogen - DMNA [11]. 

These experiments  thus showed that embryonic kidney t issue of Wistar  ra ts  can be explanted in organ 
cultures for 20-28 days.  Control cultures pass through a certain cycle of changes under these conditions, 
consist ing essent ia l ly  of growth of the epithelium chiefly at the per iphery  of the explant followed by nec ro -  
biotic changes leading to death of the cul tures after 20 days.  Meanwhile, cultivation of embryonic kidney 
t issue after exposure to the t ransplacental  action of carcinogenic n i t roso-compounds gave a completely dif- 
ferent  picture.  It must  be emphasized that in the experimental  explants increased growth of the epithelium 
and survival  of the control  cultures for 7-10 days were observed,  together with the appearance of definite 
morphological  changes (Table 2) which, except for the s t ructural  outgrowths, were evidently c losely  con-  
nected with the t ransplacental  action of the n i t roso-compounds .  These changes were  more  numerous in the 
experiment  with DMNA in which, besides focal and diffuse hyperplasia,  s t ruc tures  resembling eystadenomas 
also were observed.  
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