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The t ransp lacen ta l  action of benz(a)pyrene and of pyrene  was studied in organ cul tures  of 
embryonic  kidneys of (C57BL• mice .  In the control s e r i e s ,  hyperp las t i c  changes in 
the epi thel ium were  found in 1.8% of cases ,  in the s e r i e s  with pyrene  in 17.8%, and in the 
s e r i e s  with benzpyrene  26.7% of cases .  In a lmos t  half  (45%) of cases  of exposure  to benz -  
pyrene ,  a dis t inct  but diffuse hyperp las ia  of the epithelium was obse rved  in the late s tages  
of cultivation, which was not found ei ther  in the control  or  a f t e r  exposure  to pyrene .  

It was d i scovered  in 1927-1928 by Shabad and by Lynch [7] that if coal t a r  was painted on the skin of 
the offspring of mice  which had also been painted with the s a m e  ta r ,  the number  of adenomas of the lungs 
fo rmed  in s e v e r a l  genera t ions  was inc reased .  This phenomenon was mos t  probably  due to the p r e sen ce  of 
the carc inogenic  polycycl ic  hydrocarbon benz(a)pyrene (BP) in the t a r .  The t ransp lacen ta l  carc inogenic  
action of other  polycycl ic  hydrocarbons  has been demons t ra t ed  by o ther  worke r s  [6, 8, 9]. 

The t ransp lacen ta l  carcinogenic  action of some carcinogenic  compounds was demons t ra ted  in vi t ro 
for the f i r s t  t ime in the w r i t e r ' s  l abora to ry .  Kolesnichenko [2] showed that adenomas a re  f o rmed  in organ 
cul tures  of mouse  embryonic  lungs by the t ransplacenta l  action of ure thane.  La te r ,  t u m o r - l i k e  changes in 
the lungs not only of mice ,  but also of ra t s ,  were  d i scovered  by the action of n i t rosamines  [3]. La te r ,  hy= 
pe rp ias t i c  changes in the epi thel ium were  found in organ cul tures  of the kidneys through the t ransp lacen ta l  
action of 7 ,12-d imethyl -benz(a)anthracene ,  d imethyIn i t rosamine ,  orthotolidine,  and diehlorobenzidine [1, 4, 
5]. 

The object  of the p resen t  investigation was to detect  the poss ib le  carcinogenic  action of BP by t r a n s -  
placental  adminis t ra t ion  in organ cul tures  of mouse  kidneys.  A para l le l  exper iment  with the noncare ino-  
genic analog of BP, pyrene  (P), was c a r r i e d  out as a control .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on C57BL mice  c ro s sed  with CBA ma le s .  Explants  were  taken f rom 
20-21-day embry os .  BP and P in olive oil were  injected in t r amuscu la r ly  in 4 s epa ra t e  doses (1 rag• 4) 
during the las t  week of p regnancy  in a total dose of 4 mg pe r  mouse .  The method of organ cultivation de-  
veloped in the w r i t e r ' s  l abora to ry  was used.  The explants were  fixed in Bouin's fluid 4-30 days af ter  the 
beginning of cult ivation.  Ser ia l  paraff in  sect ions ,  2 -4p  in th ickness ,  were  s tained with hematoxyl in-eos in .  

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

Morphological changes observed during cultivation of the embryonic kidney of this line of mice have 
been described previously [4], so that no special mention of them will be given in this report. Only the hy- 
perplastic changes in the epithelium observed during cultivation of intact kidneys will be mentioned. 
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Fig. 1. Epithelial sheet with immured tubules (BP, l l t h  
day of explantation). Hematoxyltn-eosin,  400 • 

Fig. 2o Hyperplasia of convoluted tubules (BP, l l t h  day 
of explantation). Hematoxylin-eosin,  400 • 

Fig. 3. Diffuse hyperplasia  of epithelium in the form of 
a hyperchromic  sheet.  Format ion of epithelial band on 
the surface  (BP, 22nd day ofexplantation). Hematoxylin- 
eosin, 250 • 

The so-ca l led  outgrowths were found in 4 explants 7 days after  the beginning of cultivation. Three of 
these were large areas  of kidney t issue spreading over  the surface  and covered by a relat ively quiescent 
cubicai epithelium. One was a tubule growing beyond the border  of the explant; its epithelium was hyper -  
plast ic .  

After the t ransplacental  action of BP for 4 days the impress ion  was obtained that, by contrast  with 
the control,  the extratubular  sca t te red  growth of the epithelium was more  marked.  In many explants 
growth of the epithelium, including the tubular epithelium, was so intensive that individual epithelial cells 
formed a charac te r i s t i c  paiisade or  tiny buds of severa l  cells on the capsule, and in 6 cases ,  they formed 
whole sheets of cells (Table 1). Most of the observed outgrowths were epithelium with Might hyperplasia,  

295 



~=t. 
0 
r~ 

)===i 
m 

�9 

~,(==1 
�9 

.2 

o 

rD 

b~ 

.,.~ 

~'~ 

m~o~:~l 
-]nol 

--i 

S~Ttaqn:ll 
jo eTseIO I 

- ~ O A u I  

sl~qs Tel 

'~UtA!TI 

~y~oaBI 
- l n O l  

s~Inqnl] 
~o ~seTd] 

- .U~ya~da/ 

1 1 ~ 1 1 1  [ 

I ~ [ ] l  

. . . .  I [ 1 1  

cq 

<o 

le~.o:).l 

s~lnqn~ 
jo ~s~Id 

zi~qatda I i - "~ L ~ ' 4 "~  ~ I 

I ~ 1 O l  

(s~ep u~) 

o u o ' ~ x n  C~ 

~-| 

l~llIl]i 

ll}lil]I 

Illl]Iil 

~4 

uo 
v 

cq 

b- 

oo 

2 

but some were found which consisted of highly atypical 
epithelial cells, with no hint of tubular s t ruc ture ,  o r  they 
were tubular outgrowths with well marked hyperplasia  of 
the epithelium. Degenerative features were no more  
marked than in the control .  

After 7 days the epithelial cells as before were 
spreading beyond the capsule and in 2 cases  they formed 
sheets of cel ls .  In most  explants the capsule consisted 
of severa l  layers  of connect ive- t issue cells.  Otherwise 
the explants were indistinguishable f rom the control.  

After 11 days the cultures had lost all t races  of 
necros is  in the center .  However, a second wave of degen- 
eration began f rom the surface:  most ly  the epithelial 
cells under the capsule died, and the capsule itself for  a 
t ime remained intact and in some places was thickened. 
A few atrophic cysts lined with flat epithelium were ob- 
served.  A charac te r i s t i c  feature of this period was the 
considerable growth of the extratubular  epithelium. Struc-  
tureless  sheets of epithelial cells permeated  all the ex- 
plants.  Ceils forming these epithelial sheets as a rule 
were hypochromic,  l a rge r  than normal ,  and outwardly 
s imi la r  to f ibroblasts .  Individual hyperchromic  tubules 
were immured in the s t ruc ture less  mass  of the epitheli-  
um (Fig. 1). In occasional  explants individual epithelial 
bands were seen to leave the center  of the explant in an 
outward direction togsther with the tubules immured in 
them. In 4 cases hyperplasia of individual convoluted tu- 
bules was observed (Fig. 2). All the observed outgrowths 
showed considerable hyperplasia of the epithelium. In the 
control at this period scattered growth of the epithelium 
was slight~ 

A connect ive- t issue capsule still remained after  14 
days in only a few explants, and in the res t  it had ei ther  
completely disappeared,  and the tubules emerged  on the 
surface,  or  it was in a hal f -degenera ted  state.  In the ex- 
plants themselves  the degeneration was fair ly c lear ly  de- 
fined. The outgrowths observed had considerable[eatures 
of degeneration. Only in one, almost completely dead ex- 
plant was an outgrowth of tubular type observed. It con- 
sisted of grossly hyperplastie, hyperchromic epithelial 
cells with clearly distinguishable mitoses. In some cases 
ordinary outgrowths emerged into extensive cysts lined 
with flat or cubical epithelium. 

After 18 days only individual cultures still remained 
in a good condition; 3 outgrowths with definite s t ruc ture  
and 1 epithelial sheet were observed in them. 

On the 22nd day, among dead and half-dead explants, 
evidence of degeneration was completely absent in 6 
cases,  and diffuse hyperplasia of the epithelial t issue was 
well marked.  Individual convoluted tubules were fair ly 
c lear ly  visible. The epithelium of these sheets was hyper -  
chromic,  and contained numerous mi toses .  In addition, 
individual large epithelial cells formed bands on the s u r -  
face of the explant (Fig. 3). 
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After  30 days,  fields of epithelial  cel ls  with no c l ea r ly  defined tubular  s t ruc tu re ,  but with wel l -  
m a r k e d  hyperp las ia ,  s t i l l  r ema ined  in only 3 explants .  However,  pycnosis  of the nuclei was obse rved  
throughout these  explants .  

After  injection of pyrene  in the s a m e  dose as BP, individual epithelial  cel ls  also sp read  on the s u r -  
face of the explants a f te r  4-8 days,  and in 3 cases  they fo rmed  continuous shee ts .  In 1 explant focal h y p e r -  
p las ia  of the tubules was obse rved .  

After  11 days a va r i ed  pa t te rn  was obse rved ,  with outgrowths of eve ry  poss ib le  type and with ex t r a -  
tubular  growths of the epi thel ium. However ,  a f te r  14 days,  unlike in the group with BP, the connect ive-  
t i ssue  capsule was we l l -p re se rved .  It had comple te ly  d i sappeared  af ter  18 days.  After  22 days explants 
with s e v e r e l y  degenera ted  outgrowths were  stil l  found. Only 1 explant st i l l  re ta ined external ly  no rma l  con- 
voluted tubules,  and there  were  ne i ther  mi to ses  nor  epithelial  bands growing outside the l imits  of the cap-  
sule .  After  26 days,  living tubules were  seen in only 2 explants .  

To s u m m a r i z e  these  obse rva t ions ,  the r a t e  of su rv iva l  in both exper imenta l  groups was higher  than 
in the control :  cul tures  su rv ived  longer  and in l a r g e r  number s .  If the ea r ly  per iods  (up to the 14th day in-  
clusive) a r e  compared ,  there  were  no d i f ferences  between the surv iva l  ra te  of the exper imenta l  and control 
groups (Table 1). However ,  s ta r t ing  with the 22nd day, the control  explants of the (C57BL• 1 mice  
were  v i r tual ly  comple te ly  dead with the exception of 2 (4.4%), whereas  45.7% of explants surv ived  a f te r  the 
t ransplacenta l  action of P and 52.6% af te r  that of BP.  There  were  no substant ia l  d i f ferences  in this r e spec t  
between the exper imen ta l  groups  t hemse lves .  

Hyperp las t ic  changes in the epithel ium obse rved  in the control  s e r i e s  consis ted essent ia l ly  of out-  
growths with sl ightly atypical  epithel ium in 1.8% of the total number  of explants .  In both exper imenta l  
groups  the incidence of hyperp las t i c  changes obse rved  was much higher:  17.8% in the P group and 26.7% 
in the BP group.  Hyperp las t i c  changes in the epithelium were  m o r e  var ied,  and the degree  of atypia ob-  
s e r v e d  in them was much g r e a t e r .  Bes ides  outgrowths with well m a r k e d  atypia of the epithelium, h y p e r -  
p las ia  of individual tubules and also s t r uc t u r e l e s s  epithelial  sheets  were  found. If all types of hyperp las t ic  
changes of the epi thel ium dist inguished in this way were  counted, a tendency was obse rved  for thei r  f r e -  
quency to be g r e a t e r  in the exper iments  with BP.  In the late s tages  of explantation, morphologica l  d i f fe r -  
ences were  obse rved  between the exper imenta l  g roups .  Well-def ined and diffuse hyperp las ia  of the epi the-  
l ium was p resen t ,  the tubular  s t ruc tu re  was par t ly  or  comple te ly  obl i tera ted,  and s t ruc tu re l e s s  sheets  
were  fo rmed  in 6 explants 22 days a f t e r  exposure  to BP and in 3 explants 30 days a f t e r  exposure ,  i .e. ,  in 
a lmos t  half the surviving cu l tures .  

It can thus be concluded that well  m a r k e d  hyperp las t i c  changes in the epi thel ium were  p resen t  in o r -  
gan cul tures  of mouse  embryonic  kidneys 22 and 30 days a f te r  the t ransp lacen ta l  action of BP, although 
these  changes were  not obse rved  e i ther  in the control  or  through the action of the noncarcinogenic  analog P. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

N. I.  Golub' ,  Byull. ]~ksperim. Biol. i Med., No. 11, 83 (1969). 
T. S. Kolesnichenko, Vopr .  Onkol., No. 12, 39 (1966). 
]~. E .  Smetanin,  Vopr.  Onkol., No. 8, 48 (1969). 
Yu. D. Sorokina,  Byull. l~ksperim.  Biol. i Med., No. 1, 76 (1970). 
Yu. D. Sorokina, Byull. ]~ksperim. Biol.  i Med., No. 8, 77 (1970). 
L. W. Law, Science,  91, 96 (1940). 
C. Lynch, J .  Exp.  Med., 46, 417 (1927). 
H. Shay, M. Gruenste in ,  and M. Weinberger ,  Cancer  Res . ,  124, 269 (1952). 
L. Tomat i s ,  P roc .  Soc. Exp. Biol.  (New York), 1.19, 743 (1965). 

297 


