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The t ransplacental  and direct  action of orthoaminoazotoluene (OAAT) were studied in organ 
cultures of embryonic  l iver  of CBA mice,  with a high incidence of hepatoma. By its d i rec t  
action in vitro OAAT induced a marked decrease  in survival  of organ cultures of embryonic 
mouse l iver  compared with the control.  When OAAT acted transptacental ly,  its toxic effect 
was replaced in the last  stages of cultivation by a growth-st imulat ing effect and the number of 
living experimental  cultures was 30% higher than in the control.  
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The possibi l i ty of a t ransplacental  carcinogenic effect on the progency of experimental  animals has been 
demonst ra ted  for various c lasses  of carcinogens [9]. However, comparat ively few studies have been rhade of 
the t ransplacental  action of the hepatotropic carcinogen orthoaminoazotoluene (OAAT) [3,6,7]. In previous in- 
vest igations to study t ransplacental  carcinogenesis  the wr i te rs  used organ cultures of the kidneys and lungs of 
animal embryos  subjected to t ransplacental  carcinogenic action in utero [4,8,9]. Similar experiments were 
ca r r i ed  out on organ cul tures of the l iver ,  which were studied by E. A. Luria  in relation to various aspects of 
their  hematopoietic function [5]. The main subject of in te res t  was whether organotypical  growth of the hepatic 
epithelium is possible and its sensitivity to carcinogenic agents.  

This paper  descr ibes  the results  of a comparat ive study of the survival  of organ cultures of the embryon-  
ic l iver  of intact mice and cultures af ter  exposure to the t ransplacental  and direct  action of OAAT. 

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

To study the t ransplacental  action of OAAT i twas given to the female CBA mice by mouth in 0.2 ml sun- 
flower oil two or  three t imes in a total dose of 24 mg, s tar t ing f rom the 16th day of pregnancy. The animals 
were killed on the 19th-20th day of pregnancy and the l iver  of the embryos was explanted in organ culture.  

To study the direct  action of OAAT it was added to the nutrient medium at the t ime of explantation in a 
concentrat ion of 0.001 m g / m l .  After 3 or  4 days,  when the nutrient medium was f i rs t  changed, cultivation 
continued without the carcinogen. In both ser ies  of experiments  organ cultures of embryonic l iver  of intact 
CBA mice  at the same per iod of embryogenes is  served  as the control.  The method of multiple cultures devel- 
oped by Luria [5] was used for cultivation in the modification adopted in the writers" laboratory [4]. The sup- 
por t ing substrate  consis ted of AUFS Millipore f i l ters  with a pore  d iameter  of 0.6--0.9 p, on which 10 to 15 
pieces of embryonic  l iver ,  measur ing  0,5-1 mm,  were explanted. The f i l ters  were supported on tantalum 
gr ids ,  held in deep watch glasses  containing thenu t r i en t  medium. The medium consisted of 80% medium No. 
199 and 20% bovine serum.  To 100 ml of this medium 400 mg glucose,  7 mg ascorbic  acid, and 20 mg gluta- 
mine were added. Immediately  before use,  10% chick embryonic  extract  p repared  f rom l l - d a y  embryos  in 
Hanks 's  solution in the rat io of l : l  was added to the medium. The watchglasses with the explants were placed 
in Pe t r i  dishes and incubated at 37~ in an a tmosphere  consist ing of 95% air  and 5% CO 2 with a relative humid- 
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ity of 100%o Cultivation continued for 24 h. The explants were investigated at different t imes of the experiment  
in total prepara t ions  made after  fixation of the. cultures in 70-80 ~ alcohol and staining with hematoxylin. 

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

On the 2nd-3rd day of cultivation small  monolayer  a reas  of epithelium consist ing of large,  polygonal 
cel ls ,  surrounded by migrat ing blood cells and macrophages ,  appeared around most  of the explants of embry -  
onic l iver  f rom the intact  mice.  

By the 4th day the t issue of the explant was visibly flattened: F rom the strat if ied center ,  where degener-  
ative changes were observed,  it gradually changed into a monolayer  epithelial membrane  which, as a rule,  
appeared around most  of the viable explants. At the per iphery,  inside the f ragment  the original s t ructure  of 
the embryonic  l iver  was p r e se rved  and intensive hematopoiesis  occupied extensive a reas  as well as small  
separa te  foci. On the undersurfaces  of the f i l ters connect ive- t issue cells with small ,  dark,  i r r egu la r  nuclei 
could be seen. 

On the 5th-6th day in some cases  small  i r r egu l a r  ingrowths ar is ing f rom the per ipheraI  pa r t  of the f rag-  
ment and consist ing of small  basophilic cells were observed in the monolayer  epithelial zone of growth. These 
per iphera l  project ions as a rule were separated f rom the surrounding epithelial cells by a single layer  of con- 
nect ive- t i ssue  cells (Fig. 1). 

On the following days a fur ther  flattening of the explant and an increase  in the sever i ty  of the degenerative 
changes in the center  were observed,  with the formation of p r ima ry  central  loci of necros i s  and a simultaneous 
increases  in size of the monolayer  epithelial membrane  around the f ragments .  

By the 12th day of cultivation the t issue of mos t  explants was great ly  flattened and consisted of a sheet 
of hepatic epithelium formed by large polygonal cells with c lear  boundaries (Fig. 2). The connect ive- t issue 
cells continued to grow into the pores  of the fi l ter  and were ar ranged on its under surface as a network of 
smal l  branching cells,  forming a "bed" for  ~the epithelial layer~ Basophilic hepatocytes with the charac te r i s t ic  
polygonal shape and with the c lear  outlines of regular ly  a r ranged  cells ,  separated f rom the surrounding t issue 
by a single layer  of connect ive- t issue cel ls ,  were seen at the boundary between the monolayer  epithelial m e m -  
brane and the t issue of the explant. In some explants the central  foci of necros i s  at this time were replaced by 
epithelial t issue.  Hematopoiesis  continued in the cul tures .  

By the 16th day the central  loci of necros is  were absent in most  explants. Starting f rom this t ime there 
was a gradual diminution of hematopoiesis  and replacement  of the hepatic epithelium by connective t issue.  

On the 23rd-24th dab' extensive secondary foci of necros i s  appeared in the cultures and occupied the 
per iphera l  par t  of the explant i tself  and the zone of growth around it. Hematopoiesis had ceased.  However, 
a reas  of t i ssue formed by the small  basophilic hepatocytes descr ibed above still retained viable. 

During the direct  action of OAAT on organ cultures of embryonic  l iver of intact mice ,  the formation of 
the epithelial zone of growth around the explant was inhibited. For  instance,  f rom the 7th through the 17th day 
of cultivation it was observed less frequently in the experimental  ser ies  than in the corresponding control 
(Table 1). In the experimental  cultures regenerat ion of epithelial t issue in the zone of the central  foci of nec ro -  
sis was delayed and degenerative changes were observed more  frequently at the per iphery  of the explants. The 
intensity of hematopoiesis  was less than in the  control.  

In l iver  explants f rom mouse embryos  Subjected to the t ransplacental  action of OAAT in utero,  inhibition 

TABLE 1. Transplacenta l  and Direct  Action of OAAT on Organ Cultures of Embryonic 
Mouse Liver  

Duration of " 
eultivation, ~ 
days ~ ~ -o 

4--6 70 
8--9 53 

12--13 46 
15--17 112 

20 20 
23--24 74 

Control Transplacentat action of Direct action of OAAT, 
OAAT, 24 mg per mouse 0.001 mg/ml 

number of living 
explants 

absolute % 

29 41,4 
39 73, 4 

63,0 2696 58,0 
9 45,0 

10,8 

number of living 
~ ,~ explants 

= %'~ absolute 
m oN 

116 ! 19 16,4 
i 

40 I 16 40,0 
29 [ 20 69,0 

115 76 69,1 

35 15 43,0 

<0,001 
<0,001 
>0,1 
<0,001 

<0,001 

number of liv- 
~ ing explants 

.~ ,~ ..~ I abso- 
E'~'~, lute % 

i 28,5 3~ 1 46,6 
30 30,0 
40 16 40,0 

52,3 
28,5 

>0,1 
<0.001 
<0,01 
<0,05 
>0,1 
>0,1 

1400 



Fig. 1. Embryonic  l iver  t issue f rom intact CBA mouse. 
Tissue of explant with monolayer  epithelial zone of 
growth, 300 x. 

Fig. 2. Embryonic l iver  t issue of intact CBA mouse,  12th day of cultiva- 
tion: a) t issue of explant with monolayer  epithelial zone of growth (125 x); 
b) zone of growth (300 x) .... 

of formation of the epithelial zone of growth around the fragments  also was  observed in the f i rs t  9 days of 
cultivation. Degenerative changes were found in their  per iphera l  par t  more  often than in the control.  For  
instance,  on the 5th-6th day there were significantly fewer viable explants in the experimental  ser ies  (16.4%) 
than in the control (41.4%). On the 7th-9th day the number  of such explants in the control increased  to 73.4% 
but in the experimental  group only to 40%. During fur ther  cultivation an increase  in the survival rate was ob- 
served in the experimental  cultures,  but a decrease  in the control.  This difference was par t icular ly  c lear  on 
the 23rd.-24th day of cultivation, when the number  of viable experimental  explants was 43% compared with only 
t0o8% in the control (Table 1). The intensity and duration of hematopoiesis  did not differ significantly, however,  
f rom the control .  

In the dose used and by its direct  action in vi t ro,  OAAT thus caused a marked decrease  in the rate of 
survival  of the organ cultures of the embryonic  mouse l iver  compared with the intact control.  When acting 
t ransplaeental ly,  the toxic effect of OAAT in the cultures was replaced by a growth-st imulat ing effect, which 
i n c r e a s e d  with the duration of the experiment.  

In previous experiments  the wri ters  also observed a marked growth-st imulat ing effect in cultures of 
embryonic  lung and kidney t issues f rom animals exposed to the t ransplacental  action of various carcinogens 
[4, 8,9]. However,unlike in the experimental  cul tures of embryonic l iver ,  the growth-st imulat ing action led to 
the development of hyperplast ic  p re tumor  prol i fera t ion and of actual tumors ,  namely adenomas of the lungs 
and cystadenomas of the kidneys. The inc rease  in survival  rate of the experimental  l iver  cul tures f rom mouse 
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e m b r y o s  exposed to the t r ansp lacen ta l  action of OAAT may  pe rhaps  be the r e su l t  of regenera t ion  of the hepatic  
epi thel ium. Such phenomena a re  obse rved ,  for  example ,  in l ive r  cu l tures  f r o m  adult an imals  (mice,  rabbits): 
a f t e r  p r e l i m i n a r y  admin is t ra t ion  of CC14 to the an imals  the i r  l i ve r  surv ived  much be t t e r  in cul ture  than did 
the l i ve r  of intact  an imals  [1,2]. 
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E F F E C T  O F  H E P A R I N  ON I N C O R P O R A T I O N  O F  

I N T O  A - 1  C E L L S  IN  C O N T I N U O U S  C U L T U R E  

V.  N.  B l y u m k i n  a n d  L .  Io U l ' y a n o v a  

T H Y M I D I N E - 3 H  

UDC 615.273.53.015.44:/612.014.3:612.6 

The effect of heparin on incorporation of thymidine-3H into A-I cells in continuous culture was 
studied. Incubation of the cells in medium No. 199 containing heparin (i-200 units/ml) did not 
lead to any decrease in the percentage of labeled nuclei. The duration of the G2-and S-periods 
likewise was unchanged compared with the control. However, the intensity of incorporation of 
thymidine-3H (mean number of grains above one labeled nucleus) was significantly reduced. 
The results indicate that heparin affects the permeability of the plasmalemma but has no effect 
on DNA synthesis. The antimitotic action of heparin is probably connected with its effect on 

the cell surface. 

KEY WORDS: heparin; autoradiography; cell cultures. 

The w r i t e r s  p rev ious ly  [4] descr ibed  quantitat ive and quali tat ive changes in the mitot ic  r eg ime  of mono-  
l aye r  continuous cu l tures  of A-1 cel ls  under  the influence of hepar in .  Hepar in  reduced mitot ic  act ivi ty and 
caused a phase  shift  such that the re la t ive  propor t ion  of t e l . p h a s e s  among the dividing ce l l s  rose  cons iderably .  
High doses  of hepar in  (500 uni ts /m1) blocked the t rans i t ion  f rom t e l . p h a s e  to the subsequent  in te rphase  and 
many  of the cel ls  b locked in t e l . p h a s e  underwent pycnosis  and died without complet ing cytotomy.  

To study the extent to which the changes obse rved  in mi tos i s  a re  linked with a dis turbance of DNA syn- 
thes i s  in cel ls  in the S per iod,  an autoradiographic  study (using thymidine-3H) was made of continuous cul tures  
of A-1 cel ls  incubated in the p r e s e n c e  of hepar in .  

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

A suspension of a continuous cul ture  of A-1 cel ls  (1 �9 105 cel ls  in 1 ml  medium No. 199 with 10% bovine 
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