
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- 

Cent ra l  R e s e a r c h  Labora to ry ,  Khabarovsk  Medical  Inst i tute.  (Presented  by Academic ian  of the Academy 
of Medical  Sciences of the USSR A. M. Chernukh.) Trans la ted  f rom Byulleten '  t~ksperimental '  not Biologii  i 
Meditsiny,  Vol. 90, No. 8, pp. 222-224, August,  1980. Original  a r t i c le  submit ted January  4, 1980. 
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F i g .  t .  E f f ec t  of s u b l e t h a l  h y p e r t h e r m i a  a t  
m i d d a y  b e t w e e n  11 a .m .  and 1 p .m.  (A), in 
the  even ing  b e t w e e n  5 and 7 p .m.  (B), and in 
the  m o r n i n g  b e tw e e n  6 and 8 a . m .  (C) on 
m i t o t i c  a c t i v i t y  of the c o r n e a l  e p i t h e l i u m  in 
a lb ino  r a t s .  C) Con t ro l ;  E) e x p e r i m e n t .  
A b s c i s s a ,  t i m e  of end of h y p e r t h e r m i a  (in 
p a r e n t h e s e s )  and t i m e  of s a c r i f i c e  of a n ima l ;  
o r d i n a t e ,  n u m b e r  of m i t o s e s  in 100 f i e ld s  of 
v i s ion .  *) P<O.05 .  

l o g i c a l  m i t o s e s  (PM) w e r e  e s t i m a t e d ,  a u t o r a d i o g r a p h s  p r e p a r e d ,  and the index of l a b e l e d  nuc l e i  (ILN) and i n t e n s i t y  
of DNA t u r n o v e r  w e r e  d e t e r m i n e d  by  the  me thod  d e s c r i b e d  p r e v i o u s l y  [6]. The n u m e r i c a l  r e s u l t s  w e r e  sub -  
j e c t e d  to s t a t i s t i c a l  a n a l y s i s  by  the  F i s h e r - S t u d e n t  me thod  and by  the me thod  of con f idence  i n t e r v a l s .  

EXPERIMENTAL RESULTS 

When rats were exposed to hyperthermia at ii a.m.-i p.m. a decrease in the number of dividing ceils 

was observed 2, 6, and 12 h after the end of exposure to heat (Fig. IA). MI of the experimental animals was 

2.8, 3.0, and 1.3 times less respectively at these times than in the control. In rats exposed to hyperthermia at 

5-7 p.m., inhibition of cell division was observed only after 2 h, when MI was reduced by 2.9 times. No sig- 

nificant d i f f e r e n c e s  w e r e  found b e t w e e n  MI in the a n i m a l s  of the  c o n t r o l  and e x p e r i m e n t a l  g r o u p s  a f t e r  6 and 
12 h (Fig. IB). 

Exposure of the rats to hyperthermia in the morning between 6 and 8 a.m. did not lead to inhibition of 

mitotic activity after 2 and 6 h (Fig. IC). Furthermore, 2 h after the end of exposure to hyperthermia an in- 
crease was observed in the number of dividing cells by 1.7 times compared with the control. MI was reduced 

by 1.9 times 12 h after exposure of the rats to hyperthermia in the morning between 6 and 8 a.m. The results 

confirmed the presence of a circadian rhythm in the response of proliferation to the action of extremal factors 
at different times of the 24-h period, which the writers have Observed previously [5, 6, 8, 9]. This corresponds 
to modern views regarding the structural and functional discreteness and the intermittent activity of function- 
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ing s t ruc tures  [4], To asce r t a in  the nature of inhibition of cell division during sublethal hyper thermia ,  an auto- 
radiographic study was made of the number of DNA-synthesizing nuclei and the intensity of DNA metabolism, 
and also of the level of PM in the corneal  epithelium of albino ra ts  exposed to hyper thermia  at midday between 
11 a.m. and 1 p.m. These t imes were chosen because it is in this period that the s t rongest  inhibition of mitotic 
activity was observed.  The resul ts  of analysis  of the c i rcadian rhythms of the cell cycle in response  to the 
action of the s t r e s s o r  will be descr ibed separately .  The resul ts  of the autoradiographic studies showed that 
2 h af ter  the end of hyper thermia  ILN was reduced from 6.7% in the control  to 4.3% in the experiment.  The 
decrease  in the number of DNA-synthesizing cells was accompanied by a decrease  in the intensity of DI~A turn-  
over .  Fo r  instance, the mean number of grains  of s i lver  above the nucleus was reduced on average from 17 in 
the control to 11 in the animals exposed to hyper thermia .  This agrees  with data in the l i terature [9] indicating 
a decrease  in incorporat ion of 3H-thymidine during the f i rs t  few hours after  exposure of albino mice to hyper-  
thermia  for 10 rain. The change in ILN 12 h af ter  hyper thermia  was not significant. Inhibition of DNA syn- 
t hes i s  in the corneal  epithelium during sublethal hyper thermia  distinguished this s t r e s s o r  f rom those studied 
previously [9]. Another important  difference between the response of the epithelium to sublethal hyper thermia  
and the pat tern observed during hypothermia and administrat ion of pyrogenal was an increase  in the number of 
PM. Their  number increased in the experimental  group compared with the control f rom 3.7 to 6.3% after  2 h, 
f rom 2.7 to 9.6% after  6 h, and from 4 to 7.5% after  12 h. The principal form of PM in the cornea of the con- 
t ro l  animals was a C-mi tos i s  and its different var ie t ies .  Exposure to hyper thermia  not only led to an increase 
in the total number of PM, but also to a change in the spectrum of the aberra t ions .  The number of "bridges" - 
a form of pathological mitosis  indicating injury to chromosomes  [2] - was increased in the corneas  of the ani- 
mals  exposed to hyper thermia .  

Analysis  of the rat io between the phases of mitosis  showed a reduction by half in the number of prophases 
2 h af ter  the end of hyper thermia .  This is evidence of a decrease  in the number of cells commencing mitosis .  
Another important  feature was the presence of anaphase delay 2 and 6 h af ter  the end of hyper thermia .  The 
combination of anaphase delay and an increase  in the number of bridges is charac te r i s t i c  of p rocesses  accom- 
panied by disturbance of RNA synthesis [3, 13]. 

The results of these investigations confirmed previous observations [5, 8, 9] of circadian rhythms in the 
response of the epithelium to stressors: absence of sensitivity of the morning peak of mitoses to the inhibitory 
effect of the stressor, dependence of antimitotie action on the natural course of the diurnal curve of mitotic 
activity. At the same time, differences were found in the action of a high temperature on processes of pro- 
liferation: the possibility of a decrease in ILN and in the intensity of DNA turnover, and also an increase in the 
number of PM as a result of exposure of homoiothermic animals to the action of a high temperature. 
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