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P rev ious  invest igat ions  showed that  the action of s t r e s s o r s  causes  inhibition, due to adrenal  hormones ,  
of  mi to t ic  act iv i ty  in the cornea l  epi thel ium.  The level  of pathological  m i t o s e s  (P.M) and the index of [abeled 
nuclei  (ILN) w e r e u n c h a n g e d u n d e r t h e s e  c i r c u m s t a n c e s  [3, 6, 7]. Inject ion of pyrogenal  o r  contact  hypothermin  
of the ad rena l ec tomized  r a t s  caused  an i nc r ea se  in the level  of PM [7-9]. 

The object  of  the p re sen t  invest igat ion was to detect  changes  in the cel l  cycle  de te rmin ing  the k t c r ea se  
in the n u m b e r  of PM in the co rnea  o r  accompanying it, during the act ion of s t r e s s o r s  on ad rena lec tomized  
rats. 

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

E x p e r i m e n t s  were  c a r r i e d  out on 118 m a l e  r a t s  weighing 140-190 g on the 5th day a f te r  ad rena lec tomy.  
Contact  hypo thermia  of the r a t s  for  1 h to 28-30~ and int ravenous injection of pyrogenal  in a dose of 2.5 
#g /100  g were  c a r r i e d  out by the me thod  desc r ibed  p rev ious ly  [3, 9]. Autoradiography,  de terminat ion  of iLN 
and the label  intensi ty  (LI), counting of m i t o s e s ,  and de termina t ion  of the P_M l e v e l  were  c a r r i e d  out by the 
methods  desc r ibed  in [3, 6]. To e s t i m a t e  the durat ion of m R o s i s ,  pa ra l l e l  expe r imen t s  were  c a r r i e d  out on 
an imals  into which colchicine was injected in a dose of 4 # g / g  2 h before  sac r i f i ce .  The mi to t ic  index (MI) 
was e x p r e s s e d  as the m e a n  num ber  of  m i t o s e s  in 100 f ie lds  of  vision.  

The DNA content was de t e rmined  cy tophotomet r ica l ly  with control  for  the height of  the s e c t i o n s  The 
height o f  the paraf f in  sec t ions  were  de te rmined  on the ORIN m i c r o s c o p e  by the method in [2]. The optical  
densi ty  of the nuclei was m e a s u r e d  on a l a b o r a t o r y  cy topho tomete r  designed in the L a b o r a t o r y  of Cytology,  
Inst i tute  of Human Morphology,  Academy of  Medical  Sciences  of the USSR. The r e su l t s  of the cy tophotometr ic  
m e a s u r e m e n t s  were  analyzed as desc r ibed  in [5]. The ma in  a im of the cy tophotomet r ic  analys is  was to detect  
the level  of  t e t rap lo id  nuclei,  cha r ac t e r i z i ng  the durat ion of the G2-M per iod.  Nuclei  located  in the zone of 
dis t r ibut ion of m e t a p h a s e  f igures  on the h i s tog ram (95-110 conventional  units) we re  r e g a r d e d  as te t raplo id .  

The invest igat ion was c a r r i e d  out 6 and 24 h a f t e r  the end of exposure  to s t r e s s .  Mate r i a l  was obtained 
toward  6 o r  7 p ,m.  Toge the r  with invest igat ions  on ad rena l ec tomized  an imals ,  a cy tophotomet r ic  ana lys i s  
of  the DNA content also was made  on an imals  with in tac t  ad rena l s ,  exposed  to s t r e s s .  

The n u m e r i c a l  r e s u l t s  were  subjected to s ta t i s t ica l  ana lys i s  by Student 's  method.  

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

Ana lys i s  of  the mi to t ic  r e g i m e  6 h a f te r  exposure  to s t r e s s  conf i rmed  previous  obse rva t ions  of  e levat ion 
of the PM level  in the co rnea  of ad rena l ec tomized  r a t s  a f t e r  exposure  to s t r e s s o r s  [8, 9]. The PM level  was 
r a i s e d  in the co rnea  of intact  and ad rena l ec tomized  an ima l s  rece iv ing  pyrogenal  o r  exposed  to hypo the rmia  
(Table 1). 

Ju s t  as in the prev ious  expe r imen t s ,  the ma in  f o r m  of PM in the intact  and ad rena l ec tomized  r a t s  con-  
s i s tod  of m i t o s e s  with signs of d i s turbance  of the mi to t ic  appa ra tus ,  co lch ic ine- l ike  m e t a p h a s e s ,  sca t t e r ing  
and delet ions of c h r o m o s o m e s  in m e t a k i n e s i s ,  a s y m m e t r i c  m i t o s e s ,  and pseudoanaphases .  The i nc r ea se  in 
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TABLE 1. Ef fec t  of  S t r e s s o r s  on Mitotic Regime,  ILN, and LI  in Cornea l  Epi the l ium of 

MI 

161,7::h19,6 

PM, % - ILN 

4,64-0,4 9,24-0,4 

A drena lee tomized  Albino Rats  (IVI �9 m) 

Experimental conditions 

Intact animals (control) 

LI 

32,3 

Adrenalec~omy (con~ol) 140,5+17,4 3,94-0,3 7,94-0,3 26,5 

15,44-1,0" 
13,94-1,8" 

16,8::k 1,5" 
9,84-1,6" 

t0,34-1,0. 
6,74-0,9'{ 

4,7=t=0,3" 
12,54-1,2" 

198,04-22,1 ~ 
214,7~-25,5}: 

251,84-23,5" 
263,3:1:26,9" 

6 h after exposure 
adrenalectomy + pyr ogenal 
adr enalectomy + hypothermia 

24 h after exposure 
adrenatectomy + pyrogenal 
adrenalectomy + hypothermia 

*Changes  s ignif icant  r e l a t i ve  to " in tac t"  and "ad rena l ec tomized"  cont ro l .  
~Changes  s ignif icant  r e l a t i ve  to " in tac t"  control  only.  
$Changes  signif icant  r e l a t ive  to " ad rena l ec tomized"  control  only.  
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Fig. 1 Fig. 2 

Fig. I. Distribution of DNA content in sections through corneal nuclei of intact rats 
(I) and rats exposed to stress (2). Abscissa, DNA content (in relative units); ordinate, 
number of nuclei (in %). 

Fig. 2. Distribution of DNA content in sections through corneal nuclei of intact (I) and 
adrenalectomized (2) rats and of adrenalectomized rats exposed to stress (3). Legend 
as in Fig. i. 

the number  of  PM during hypo thermia  was not accompanied  by changes in the s p e c t r u m  of the aber ra t ions ,  
w h e r e a s  during pyrogenal  s t r e s s  t h e r e  was a twofold i n c r e a s e  in the number  of pseudoanaphases  and an in-  
c r e a s e  in the n u m b e r  of  b r idges  f rom 0.2% of all PM in intact  r a t s  to 1.6% in ad rena l ec tomized  an imals  r e -  
ceiving pyrogenal .  No signif icant  changes  took p lace  in the total  n u m b e r  of m i t o s e s  in ad rena lec tomized  r a t s  
exposed  to s t r e s s .  Under these  c i r c u m s t a n c e s  the n u m b e r  of anaphases  was i n c r e a s e d  by 3.2 t imes  c o m p a r e d  
with the cont ro l .  Anaphase  delay in m i t o s i s  was r a r e  [1]. I ts  appea rance  is cha r ac t e r i s t i c  of p r o c e s s e s  ac -  
companied  by inhibition of p ro te in  synthes is  [1, 11]. Inject ion of  pyrogenal  into ad rena lec tomized  r a t s  caused  
no change in ILN or  LI at this  t ime  of invest igat ion.  Hypo the rmia  of the r a t s  led to a d e c r e a s e  in ILN and 
IM (Table 1). The changes  were  s ignif icant  r e l a t ive  to the contro l .  

Cytophotomet r ic  de te rmina t ion  of  the DNA content  was c a r r i e d  out only on the  pyrogenal  mode l .  
In this  g roup  of expe r imen t s  changes a r i s ing  in an imals  with intact  adrena l s  and exposed to s t r e s s  were  c o m -  
p a r e d  with the r e s p o n s e  of  ad r ena l ec t om i zed  an ima l s  to s t r e s s .  The invest igat ions  were  c a r r i e d  out 6 h a f t e r  

inject ion of pyrogena l .  

Af t e r  inject ion of pyrogenal  into r a t s  with intact  adrena l s  an i nc rea se  in the number  of  t e t rap lo id  nuclei  
in the cornea l  epi thel ium took p lace  f rom 3.2% (~ =1.3) in the control  r a t s  to 10.9% (a =1.9) in r a t s  exposed 
to s t r e s s  (Fig. 1). No change in the  n u m b e r  of  nuclei  of  o ther  c l a s s e s  of ploidy could be obse rved .  This  ag rees  
with the r e s u l t s  of  de te rmina t ion  of MI  under  these  conditions [4], indicating a d e c r e a s e  in the number  of 
m i t o s e s .  The i nc r ea s e  in the n u m b e r  of t e t rap lo id  nuclei  was probably  the r e su l t  of delay of the cel ls  in the 
Gz-M period,  c h a r a c t e r i s t i c  of the act ion of s t r e s s o r  s i tuat ions [10]. Inject ion of pyrogenal  into ad rena lec to -  
m i z e d  r a t s  caused  no changes  in the num ber  of t e t r ap lo id  nuclei  6 h a f t e r  the inject ion (Fig. 2). 

The n u m b e r  of  PM in ad rena l ec tomized  r a t s  r ece iv ing  pyrogenal  s t i l l  r ema ined  high 24 h a f t e r  the 
inject ion (Table 1). The PM level  at th is  t ime  of the invest igat ion in the co rnea  of an imals  exposed to hypo- 
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thermia showed a tendency to re turn  to normal,  although it still remained significantly higher than in the con- 
trol  (Table 1). The total number of mitoses in the cornea of the cooled rats  and rats  receiving pyrogenal was 
increased, but the results  of the experiments with colchicine indicated that this phenomenon differed in its 
nature.  The increase in the number of dividing cells after  injection of pyrogenal was connected with lengthen- 
ing of the time of mitosis ,  whereas the increase in mitotic activity during hypothermia was true in character  
and took place on account of an increase in the number of cells taking part  in mitosis .  Autoradiographic 
analysis revealed a considerable decrease  in YLN and LI in the cornea of rats  receiving pyrogenal. The de- 
c rease  in ILN and LI taking place after  6 h in rats exposed to hypothemia  was replaced 24 h after  the end of 
hypothermia by a significant increase in both indices. 

The experimental results  indicate that the increase in the number of PM in the cornea of rats  with r e -  
duced powers of adaptation is not an isolated process in the cell cycle. Hypothermia or administration of 
pyrogenal to adrenalectomized rats  caused disturbances in the S period, whereas in animals with nolanal 
powers of adaptation lengthening of the G2-M period took place under the influence of s t ressors .  This did not 
happen in adrenalectomized rats  during s t ress .  

The character  of relations of cause and effect between the elevation of the PM level and changes in the 
cell cycle of the corneal epithelium of the adrenalectomized rats  under the influence of s t ressors  requires  
analysis on its own account. 
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