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Previous invest igat ions have shown that under normal  conditions, despite  the s imi l a r i ty  in thei r  morpho-  
genes is ,  the surv iva l  ra te  of o rgan  cul tures  of normal  embryonic  t i s sues  and, in par t icu la r ,  of the lungs, va r i e s  
cons iderably  depending on the spec ies ,  s t ra in,  and age of the donor an imals  [3, 11]. Under the influence of 
t r ansp lacen ta l  exposure  to carc inogens  the surv iva l  ra te  of explanted t i s sues  is cons iderably  increased  (the 
growth-s t imula t ing  effect),  and specif ic morphologica l  changes develop in the t i ssue,  culminat ing in t umor  
fo rmat ion  [2-5, 7-11]. In te r l inear  d i f fe rences  a re  observed  in the surv iva l  ra te  and sensi t iv i ty  to carc inogens  
of embryonic  t i s sues  f rom mice  with high and low pred ispos i t ion  to cancer  [3-5, 8, 9]. 

To study the nature of the growth-s t imula t ing  effect  of carc inogens  compara t ive  invest igat ions were  
undertaken of the pro l i fe ra t ive  act ivi ty of o rgan  cul tures  of normal  embryonic  t i s sues  and of t i s sues  exposed 
to the act ion of carc inogens .  This paper  gives the r e su l t s  of a study of the pro l i fe ra t ive  act ivi ty of the epi-  
thel ium of embryonic  lung organ cul tures  f rom two lines of mice:  one genet ical ly  r e s i s t a n t  (C57BL) and one 
predisposed  (A) to the development  of lung tumors ,  under  normal  conditions and a f t e r  t r ansp lacen ta l  exposure  
to urethane,  a carc inogen  with affinity for  the lungs. 

EXPERIMENTAL M E T H O D  

Expe r imen t s  were  ca r r i ed  out on organ cul tures  of the lungs of 21-day embryos  of intact and exper i -  
menta l  mice  of s t ra ins  A and C57BL. Urethane was injected subcutaneously,  in 10% physiological  sal ine,  into 
the pregnant  f ema les  once or  three  t imes  in a dose of 1 mg/g  body weight pe r  injection. The effect  of a single 
dose of urethane (1 mg/g  body weight) on the 18th and 20th days  of pregnancy,  i .e. ,  3 days or  1 day before  
explantat ion of the embryonic  lungs into cul ture,  was studied in mice  of the A s t ra in .  The effect  of three  doses  
of urethane (3 mg/g body weight) on the 18th, 19th, and 20th days of pregnancy was studied on explants of 
embryonic  lungs of mice  of both s t r a ins .  On the 21st day of pregnancy the intact and exper imen ta l  f ema les  
were  killed and the lungs of the em bryos  were  explanted into organ  cul ture  by the method descr ibed  previous ly  
[2], and studied on the 1st, 7th, 15th, and 21st days in cul ture .  P ro l i f e ra t ive  act ivi ty of the epithel ium was 
judged by the f rac t ion  of DNA-synthesiz ing cel ls  in the explants  by an autoradiographic  method [6]. 3H-Thy- 
midine was added to the nutrient medium of the cul tures  24 h before  fixation of the explants, in a concent ra -  
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Fig. i. LI of epithelium of embryonic lung organ cultures of A mice under 
normal conditions and after transplacental exposure to a single dose of ure- 
thane (i m~/g body weight of donor). Abscissa, LI (in %); ordinate, duration 
of culture (in days). Unshaded columns - normal (intact cultures of mouse 
embryonic lungs), obliquely shaded columns- transplacental exposure to ure- 
thane 1 day before  explantat ion of mouse  embryonic  lungs into culture; black 
columns - t r ansp lacen ta l  exposure  to urethane for  3 days before  explantat ion 
of embryonic  lungs into cul ture.  

Fig .  2. LI  of epithel ium of embryonic  lung cul tures  of A and C57BL mice  under 
normal  conditions and a f t e r  t r ansp lacen ta l  exposure  to three  doses  of urethane 
(3 mg/g body weight of donor).  A) Organ cul tures  of embryonic  lungs of A mice;  
]3) the same ,  of C57BL mice .  Shaded columns - expe r imen ta l  cul tures  of 
embryonic  lungs of mice  exposed to t ransp lacen ta l  act ion of urethane.  Remainde r  
of legend as in Fig.  1. 

t ion of 1 #Ci/ml .  Dewaxed se r i a l  sect ions  3 p thick were  coated with emuls ion  and exposed for  4 weeks at  4~ 
developed,  and stained with hematoxyl in .  In all  s e r i e s  of exper iments  eight to 10 explants were  studied a t each  
t ime of culture:  The labeling index (LI) was de te rmined  by counting at leas t  1000 epithel ial  ce l l s  in each ex- 
plant. The r e s u l t s  were  subjected to s ta t i s t i ca l  ana lys is  by Student 's  t - t e s t .  

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

An autoradiographic  study of the course  of DNA synthes is  in embryonic  lung organ  cul tures  f rom intaetA 
mice  showed that during cul ture  there  is a gradual  decline in p ro l i fe ra t ive  ac t iv i ty  of the epi thel ium. LI, 
de te rmined  1 day a f t e r  explantat ion of the lungs, was 13,3%, fall ing to 9.9% af te r  7 days  and 3.9% af te r  15 
days; a f t e r  21 days  no labeled cel ls  were  p resen t  in the cul tures  (Fig. 1). 

Under the influence of a single t r ansp lacen ta l  exposure  to urethane (1 mg/1 g body weight of donor) the 
dynamics  of p ro l i fe ra t ion  of the epi thel ium in the explants was significantly a l te red .  It depended on how long 
e lapsed between admin i s t r a t ion  of urethane to the pregnant  mouse  and explantat ion of the embryonic  lungs into 
cul ture .  It will be c lea r  f rom Fig.  1 that  LI in the epithel ium of the lungs of the expe r imen ta l  e m b r y o s  ex-  
planted 1 day a f t e r  exposure  to urethane (group 1), and studied a f te r  i day in cul ture with 3H-thymidine, fe l lby  
a lmos t  half compared  with normal .  In the lungs of the expe r imen ta l  embryos  exposed to urethane for  3 days  
before  explantat ion (group 2), and invest igated at the same  t ime,  LI was higher  than normal .  By this t ime in- 
hibition of DNA synthes is  in the epithel ial  cel ls  of the mouse  embryonic  lungs, due to a single t r ansp lacen ta l  
exposure  to urethane,  was rep laced  by s t imula t ion  compared  with normal .  Since incubation of embryonic  lungs 
of normal  (intact) and exper imen ta l  mice  with 3H-thymidine began immedia te ly  a f t e r  thei r  explantat ion into cul-  
tu re ,  it will be evident that the r e su l t s  re f lec t  changes in p ro l i fe ra t ive  act ivi ty  of the epithel ium developing in 
the lungs of the exper imen ta l  em bryos  in vivo. 
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LI in the exper imenta l  explants a f t e r  7 days in cul ture was higher  than its initial level ,  espec ia l ly  in 
group 1. As a resu l t ,  LI  in the two groups of exper imenta l  explants became  approx imate ly  equal. Under these 
c i r c u m s t a n c e s  LI  in the exper imenta l  group was m o r e  than 2.6 t imes  higher  than in the cor responding  control .  
During fu r the r  cul ture LI in the exper imen ta l  explants fell  gradual ly,  but st i l l  r emained  above the con t ro l l eve l .  
Labeled cel ls  a f te r  21 days in culture were  found only in the exper imen ta l  explants (Fig. 1). 

Under the influence of a single t r ansp lacen ta l  exposure  to urethane,  b r i e f  inhibition of p ro l i fe ra t ive  
act ivi ty  of the epithelium of the embryonic  lungs of A mice  thus took place,  and was replaced  by a longer period 
of s t imulat ion compared  with normal .  Significant changes in LI in the epithelium of the control  and expe r imen-  
ta l  explants were  detected as ea r l y  as a f te r  i day in cul ture,  and they reached a max imum af te r  7 days.  These 
t imes  accordingly were  chosen for  a compara t ive  study of the effect  of t r ansp lacen ta l  exposure  to th ree  doses  
of urethane (3 mg/g body weight of donor) on the pro l i fe ra t ive  act ivi ty  of the epithel ium of the embryonic  lungs 
of A and C57BL mice ,  

The compara t ive  study of LI of the epithel ium in intact explants of embryonic  lungs of these s t ra ins  of 
mice  showed that when conditions were  adequate,  LI in the A mice  1 day a f te r  explantat ion was not significantly 
higher than in the C57BL mice  (Fig. 2). Af te r  7 days LI  in explants of the lungs of A mice  was reduced by 60%, 
whereas  LI  in explants f rom C57BL mice  under the same conditions was prac t ica l ly  unchanged compared  with 
its initial level .  As a r e su l t  LI in explants of embryonic  lungs of A mice  at  this t ime was only half its value in 
C57BL mice  (Fig. 2). 

Judging f rom the initial value of LI ( l s t  day) the pro l i fe ra t ive  act ivi ty of the epithel ium of embryonic  
lungs of mice  of these s t ra ins  under normal  conditions in vivo evidently did not d i f fer  significantly.  However,  
under e x t r e m a l  conditions such as during culture in vi t ro ,  in te r l inear  d i f fe rences  in this index were  c lear ly  
manifested:  LI was signif icantly reduced in explants f rom line A and remained  stable in the r e s i s t an t  line 
C57BL. This  may  evidently explain the higher ra te  of surv iva l  of the embryonic  lung t i s sue  of C57BL mice 
than of A mice  during l ong - t e rm organotypica l  cul ture,  as has been  observed  prev ious ly  [3, 4]. 

Under the influence of t ransp laeenta l  exposure  to three  doses  of urethane LI in explants of embryonic  
lungs of A mice ,  just as a f ter  exposure  to a single dose,  was significantly higher than normal .  LI  of the epi-  
thelium 1 day a f te r  explantat ion was twice as high as  normal ,  and a f te r  7 days,  it was five t imes  higher  than 
normal  (see Fig .  2A). Transp lacen ta l  exposure  to embryonic  lungs of C57BL mice  to the same dose of a r e -  
thane, but repeated  th ree  t imes ,  had prac t ica l ly  no effect  on LI of the epithel ium during organotypical  cul ture 
(Fig. 2B). 

Transp lacen ta l  exposure  to urethane thus led to a cons iderable  increase  in pro l i fe ra t ive  act ivi ty of the 
epithelium only in organ  cul tures  of embryonic  lung t i ssue  of mice  of the sensi t ive  line A. In exper imen ta l  
explants exposed to the action of the above doses  of urethane,  LI  of the epithel ium was about equal (see F igs .  1 
and 2A). However,  compar i son  with the cor responding  control  revealed  dose dependence.  F o r  instance,  a f ter  
a single dose of urethane (1 mg/g  body weight) LI of the epithel ium a f te r  7 days  in cul ture was 24% compared  
with 9.9% in the control ,  but a f te r  three  doses  (3 mg/g  body weight) it was 24.8% compared  with 5.2% in the 
co ntrol.  

As a l ready  stated,  t r ansp laeen ta l  exposure  to var ious  carc inogens  including urethane not only induces 
p r e t u m o r  changes and tumors ,  but a lso  has  a growth-s t imula t ing  action on o rgan  cul tures  of embryonic  t i s -  
sues  [B, 10. 11]. This was mani fes ted  as  the f a s t e r  adaptat ion of the explanted t i ssue  to conditions of growth 
in vi t ro ,  a dec r ea se  in the f requency and intensity of nutri t ional d i s tu rbances  in the expe r imen ta l  cu l tures ,  and 
a d e c r e a s e  in the i r  abil i ty to grow for  a longer  period in vi t ro  compared  with intact (normal) cu l tures .  On the 
bas i s  of the r e su l t s  of this invest igat ion the growth-s t imula t ing  effect  of urethane and, evidently,  of o ther  c a r -  
cinogens can be explained by an inc rease  in pro l i fe ra t ive  act ivi ty  of the exper imen ta l  cu l tures .  Stimulation of 
growth in vi t ro may  perhaps  a lso  be connected with a reduct ion in the growth demands of the exper imen ta l  cul-  
tu res  in the cour se  of tumor  evolution. Fac t s  such as these a r e  known for  cell  cul tures  of f ib rob las t s ,  and 
recent ly  it has also been demons t ra ted  for  epi thel ial  cell  and organ cul tures  exposed to the act ion of ca rc ino-  
gens in vivo or in vi t ro  [1, 12, 13]. 

In conclusion, it is impor tant  to draw attention, f i r s t ,  to the stabil i ty of p ro l i fe ra t ive  act ivi ty  of the epi-  
thel ium of the embryonic  lungs of mice  of s t r a in  C57BL, with low predispos i t ion  f o r  cancer ,  when cultured in 
vi t ro  under normal  conditions and during exposure  to a carcinogen,  by con t ras t  with s t r a in  A, with high p re -  
d isposi t ion for  cancer ;  second, to co r r e l a t i on  between the g rowth-s t imula t ing  effect  of a pneumotropic  c a r c in o -  
gen and a genetic predispos i t ion  of the biological  object  for  the development  of lung tumors .  By vir tue  of this 
cor re la t ion ,  the "g rowth-s t imula t ing  effect" can be used as a re l iab le  c r i t e r ion  for  p r i m a r y  screening  of sub-  
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s tances  for  ca rc inogenic i ty  by the use of o rgan  cul tures  of embryonic  t a rge t  t i s sues  [11]. The use of this c r i -  
te r ion  is evidently p romis ing  a lso  for  the detect ion and quantitat ive es t imat ion  of spec ies ,  l inear ,  and organ  
pred ispos i t ion  to the development  of t umors .  
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EFFECT OF SUBLETHAL HYPERTHERMIA ON PROLIFERATION 

OF THE CORNEAL EPITHELIUM IN ALBINO RATS 

M. I. Radivoz and S. S. Timoshin UDC 612.841.1.014.2:612.6]-06:612.591 

KEY WORDS: hyper thermia ;  p ro l i fe ra t ion  of cells;  homoio thermic  an imals .  

P r o c e s s e s  of cell  p ro l i fe ra t ion  in eukaryo tes  in vi t ro  take place ove r  a wide range  of a b o v e - z e r o  t e m -  
p e r a t u r e s  [7, 11]. Data on the effect  of high t e m p e r a t u r e s  on cell  divis ion in vivo in homoio thermic  an imals  
a re  few and inconsis tent  in c h a r a c t e r  [10, 12]. 

Never the le s s  the study of this p rob lem is of cons iderable  p rac t i ca l  importa  nee in connection with the use 
of hype r the rmia  in the t r e a t m e n t  of d i s ea se s  accompanied by d i s tu rbances  of cell  divis ion [1], and this was the 
mot ivat ion behind the p resen t  invest igat io n. 

EXPERIMENTAL METHOD 

Expe r imen t s  were  ca r r i ed  out on male  albino ra t s  weighing 150-200 g. The an imals ,  which were  f i r s t  
adapted to the expe r imen ta l  conditions, were  heated in a hot chamber  at 42~ and with a r e l a t ive  a i r  humidity 
of 60-65%. Exposure  to a high t e m p e r a t u r e  las ted 1.5 h until the r e c t a l  t e m p e r a t u r e  was 41-41.5~ The nor- 
ma l  body t e m p e r a t u r e  of the r a t s  was r e s t o r e d  30-45 rain a f te r  the end of hyper the rmia .  Consider ing the 
exis tence  of a c i rcad ian  rhythm of p ro l i fe ra t ion  in the cornea l  epithelium in r e sponse  to s t r e s s o r  s t imulat ion 
[5, 8, 9], the an ima l s  were  heated in the morn ing  at  6-8 a .m. ,  at midday between 1t a .m.  and 1 p .m. ,  and in the 
evening between 5 and 7 p.m. Mitotic act iv i ty  was studied 2, 6, and 12 h a f te r  the end of exposure  to heat.  The 
number  of an imals  in the exper imen t  was 2800 To a s s e s s  the reproducib i l i ty  of the r e su l t s ,  al l  s e r i e s  of 
expe r imen t s  were  repea ted  twice. Total  p repara t ions  were  obtained, the mitot ic  index (MI) and level  of patho- 
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