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The effect  of adrenal in on cell division was studied in the corneal  epithelium of r a t s  at 12 dif- 
ferent  ages.  In 21-day fetuses and animals aged 3-4 days an increase  in the mean mitotic in- 
dex (MI) was observed  45 min af ter  its administrat ion,  caused by dealy in the passage of the 
cells  through the middle and late stages of division. In ra t s  aged 7-57 days MI was un- 
changed by adrenalin.  In animals  aged 70 days the mitotic activi ty was sharply reduced as a 
resu l t  of delay in the onset of mi tos is  by the cells.  In animals killed 2 h after  injection of 
adrenal in  an antimitotic effect was observed s tar t ing from the age of 4 days. This effect was 
due to inhibition of passage of the cel ls  f rom the G2-period of the mitotic cycle into mitosis .  
The resu l t s  are  evidence of differences in the cha rac te r  of action of adrenalin on the ea r ly  
stages of ontogeny. 

Many investigations have shown that injection of adrenal in into animals  leads to a decrease  in the num- 
ber  of cell divisions in ec todermal  t i ssues  [1, 2, 5, 6, 9, 11]. Since the decrease  in the number of mi toses  
a r i s e s  soon af ter  the injection of adrenal in  and begins with a decrease  in the number of the ea r ly  stages of 
division it is general ly  considered that adrenal in blocks the passage of cells f rom the G2-period of the 
mitotic cycle into mitosis~ Only a few invest igators  have postulated that this hormone may affect the course  
of individual phases of mitosis  or of mi tos is  as a whole [4, 10]. It has also been shown [7, 8] that in some 
t i ssues  of fetuses and of mice aged under 6-14 days there is no decrease  in the number of mi toses  in r e -  
sponse to injection of adrenalin.  

It was therefore  decided to study the development and ontogeny of t issue react ions  to adrenal in and the 
differences in its act ion at different age periods.  

TABLE 1. Changes in Mitotic Activity of Corneal  Epithelium of 
Fetuses  af ter  Adminis t ra t ion of Adrenal in 

Number Mean MI Group of of rats animals (in %) 

Control 
Experimental 

2,3 
10,8 

0,001 

Mean number of phases of mitosis 

EP P M A T 

3,0 0,7 4,5 0,2 7,3 
2,0 3,2 30,4 0,2 33,3 

5,2 
II,8 

Legend: here and in Tables 2-4:  EP) ea r ly  prophase,  P) prophase,  
M) metaphase,  A) anaphase,  T) telophase, R) reconst ruct ion .  
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T A B L E  2. Changes  in Mi to t i c  A c t i v i t y  of  C o r n e a l  E p i t h e l i u m  of  
F e t u s e s  a f t e r  I n j e c t i o n  of  A d r e n a l i n  into P r e g n a n t  R a t s  

Mean number of phases of mitosis 
Group of Number Mean MI 
animals of rats (in %) P EP P M A T R 

Control 5 9,2 0,00t 3,9 13,6 37,8 2,5 10,7 2,6 
Experimental 6 6,2 3,3 1,7 9,2 1,0 20,5 14,3 

T A B L E  3. Changes  in M i t o t i c  A c t i v i t y  of  C o r n e a l  E p i t h e l i u m  of 
R a t s  of D i f f e r e n t  A g e s  45 min  a f t e r  I n j e c t i o n  of  A d r e n a l i n  

Age (in Group of ani- 
days) mals 

Control 
1 Experimental 

Control 
3 Experimental 

Control 
4 Experimental 

Control 
7 Experimental 

~ o n t r o l  

15 Experimental 
Control 

20 Experimental 
Control 

25 Experimental 
Control 

30 Experimental 
Control 

45 Experimental 
Control 

57 Experimental 
Control 

70 Experimental 

m 

5 
5 
4 
5 
5 
5 
4 
5 
4 
4 
4 
4 
5 
5 

MeanMI .Mean number of phases of mitosis 

(in %) P EP P M A T 

3,4 
8,2 

14,7 
21,0 
16,8 
14,0 
9,0 

14,2 
3,0 

14,5 
15,5 
5,5 

t6,6 
29,6 
20,7 
30,3 
9,0 

22,2 
9,0 

ll,0 
t0,8 
11,0 

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

C e l l  d i v i s i o n  w a s  s tud ied  in t he  c o r n e a l  e p i t h e l i u m  of r a t s  a t  12 d i f f e r e n t  a g e s .  Two s e r i e s  of e x p e r i m e n t s  
w e r e  c a r r i e d  out  on f e t u s e s .  In  s e r i e s  I the  a d r e n a l i n  was  i n j e c t e d  d i r e c t l y  into the  f e t u s e s .  F o r  th i s  p u r -  
pose  l a p a r o t o m y  was  p e r f o r m e d  on p r e g n a n t  r a t s  1-2 days  b e f o r e  p a r t u r i t i o n ,  a d r e n a l i n  was  i n j e c t e d  sub -  
c u t a n e o u s l y  in to  e a c h  fe tus  t h rough  the w a l l  of  the  u t e r i n e  c o r n u a  in a dose  of  2 t t g / g ,  and  the  o p e r a t i o n  
wound w a s  then  c l o s e d .  C o n t r o l  f e m a l e s  u n d e r w e n t  the s a m e  o p e r a t i o n  bu t  p h y s i o l o g i c a l  s a l i n e  was  in-  
j e c t e d  into the f e t u s e s .  In  s e r i e s  I I  a d r e n a l i n  was  i n j e c t e d  s u b c u t a n e o u s l y  into p r e g n a n t  r a t s ;  c o n t r o l  a n i -  
m a l s  r e c e i v e d  p h y s i o l o g i c a l  s a l i n e .  In bo th  c a s e s  the  a n i m a l s  w e r e  k i l l e d  45 m i n  a f t e r  i n j ec t i on  of  the 
a d r e n a l i n .  In s e r i e s  III  and  IV a n i m a l s  of  d i f f e r e n t  a g e s  w e r e  s t u d i e d  45 m i n  and  2 h r e s p e c t i v e l y  a f t e r  in -  
j e c t i o n  of  a d r e n a l i n  in  a dose  of  2 ~ g / g .  

The  c o r n e a  w a s  f i x e d  in C a r n o y ' s  f lu id  and  t o t a l  p r e p a r a t i o n s  w e r e  s t a i n e d  wi th  C a r a z z i ' s  h e m a t o x y -  
l in .  In  e a c h  c a s e  100 f i e l d s  of  v i s i o n  of  the  m i c r o s c o p e  w e r e  e x a m i n e d .  The  m e a n  m i t o t i c  index  (MI) was  
c a l c u l a t e d  p e r  1000 c e l l s .  A l l  e x p e r i m e n t s  w e r e  c a r r i e d  out  a t  the  s a m e  t i m e  o f  day  - f r o m  5 to 8 p . m . ,  
i . e . ,  a t  a t i m e  when  m i t o t i c  a c t i v i t y  in  the  c o r n e a  does  not  change  s i g n i f i c a n t l y  bu t  r e m a i n s  a t  a h igh  l e v -  
e l  [3]. 

EXPERIMENTAL RESULTS 

S e r i e s  I .  I n j e c t i o n  o f  A d r e n a l i n  D i r e c t l y  i n t o  F e t u s e s  

The  r e s u l t s  g iven  in T a b l e  1 show tha t  i n j e c t i o n  o f  a d r e n a l i n  l e d  to a s i g n i f i c a n t  i n c r e a s e  in the  m e a n  
MI. A n a l y s i s  of  the  p h a s e s  of  m i t o s i s  showed  tha t  t h i s  i n c r e a s e  d id  not  r e f l e c t  the s t i m u l a n t  a c t i o n  of  
a d r e n a l i n  on m i t o t i c  a c t i v i t y  b e c a u s e  the  n u m b e r  of  e a r l y  p r o p h a s e s  was  no t  i n c r e a s e d .  On the o t h e r  hand ,  
the  m e a n  n u m b e r  of l a t e r  p h a s e s  of  m i t o s i s  ( exc lud ing  a n a p h a s e s )  was  s h a r p l y  i n c r e a s e d  in the  e x p e r i m e n t a l  
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T A B L E  4. Changes  in M i t o t i c  A c t i v i t y  of  Cor .nea l  E p i t h e l i u m  of  
R a t s  of  D i f f e r e n t  A g e s  2 h a f t e r  l ~ j e c t i o n  of  A d r e n a l i n  

Age (in 
d@s) 

2 

4 

7 

25 

Group of 
animals 

Control 
Experimental 
Control 
Experimental 
Control 
Experimental 
Cdnt~oI 
Experimental 

P~ Mean MI 
~ (in %) 

J 

4,5 
4,7 
7,2 
2,4 

3 10,2 
1,4 

2 4,9 
3 0 

0,001 

0,001 

Mean number of 

EP P M 

1,5 3,7 17,0 
1,8 2,2 5,2 
3,0 10,0 34,8 
1,7 0 
1,0 8,0 26,3 
0,2 0,3 30,00 3,0 I 1,5 
0 0 

~hases of mitosis 

t,8 
0,8 

%0 
165 

T R 

6,3 2,5 
12,5 7.5 
15,7 9,0 
3,3 19,3 

44.7 33,3 
3,8 11,2 

3~,5 7,5 
0 

g roup  (P = 0.001).  I t  can  be  c o n c l u d e d  f r o m  t h e s e  r e s u l t s  tha t  a d r e n a l i n  a f f e c t s  the  c o u r s e  of m i t o s i s  by  
d e l a y i n g  the p a s s a g e  of the  c e l l s  t h rough  i t s  m i d d l e  and  l a t e  p h a s e s  ( e s p e c i a l l y  r e c t a -  and  t e l o p h a s e s ) .  

S e r i e s  I I .  I n j e c t i o n  o f  A d r e n a l i n  i n t o  P r e g m a n t  R a t s  

A s i g n i f i c a n t  d e c r e a s e  in the  m e a n  MI was  found in the  c o r n e a  of  the  e x p e r i m e n t a l  f e t u s e s  (Tab le  2). 
I t  w a s  a c c o m p a n i e d  by  a d e c r e a s e  in the m e a n  n u m b e r  of  p r o p h a s e s  and  m e t a p h a s e s  (P = 0.001),  i n d i c a t i n g  
d e l a y  in  the  o n s e t  of  m i t o s i s  in the  c e l l s .  A m a r k e d  i n c r e a s e  a l s o  was  o b s e r v e d  in the  n u m b e r  of  t e l o -  
p h a s e s  (P = 0.01) and  r e c o n s t r u c t i o n s  (P = 0.01) and th i s  can  be r e g a r d e d  a s  i nh ib i t i on  of  the  c o u r s e  of 
t h e s e  s t a g e s  of d i v i s i o n  by  a d r e n a l i n .  

S e r i e s  I I I .  A n i m a l s  o f  D i f f e r e n t  A g e s  K i l l e d  45 r a i n  

a f t e r  I n j e c t i o n  o f  A d r e n a l i n  

In r a t s  a g e d  1 day  no s i g n i f i c a n t  c h a n g e s  in the  m e a n  MI w e r e  found (Tab le  3). In a n i m a l s  a g e d  3 and 
4 days  MI was  s h a r p l y  i n c r e a s e d .  T h i s  was  not  due to s t i m u l a t i o n  of  the e n t r y  of the  c e l l s  into m i t o s i s ;  
t h i s  i s  shown by  the a b s e n c e  of any  i n c r e a s e  in the n u m b e r  of e a r l y  p r o p h a s e s  in the  c o r n e a  of  the  e x p e r i -  
m e n t a l  a n i m a l s .  Since  the  n u m b e r  of d i v i s i o n s  in the  l a t e r  s t a g e s  i n c r e a s e d  du r ing  a d m i n i s t r a t i o n  of  
a d r e n a l i n ,  the  i n c r e a s e  in the  m e a n  MI in the  e x p e r i m e n t a l  g r o u p  was  e v i d e n t l y  due to d e l a y  in the  p a s s a g e  
of the  c e l l s  ch i e f l y  t h r o u g h  the m i d d l e  and  l a t e  p h a s e s  of m i t o s i s .  

In r a t s  b e t w e e n  the a g e s  of  7 and  57 days  some  i n c r e a s e  in the  m e a n  MI was  found unde r  the  in f luence  
of a d r e n a l i n ,  but  the  i n c r e a s e  was  not  s i g n i f i c a n t .  With  an i n c r e a s e  in age  t h e r e  was  an i n c r e a s i n g  t e n d e n -  
cy  t o w a r d  i nh ib i t i on  of  t:he e n t r y  of  the  c e l l s  into m i t o s i s :  a s h a r p  d e c r e a s e  in n u m b e r  or  even  the  c o m -  
p l e t e  d i s a p p e a r a n c e  of  the e a r l y  p r o p h a s e s  and  p r o p h a s e s  was  o b s e r v e d  in the  e x p e r i m e n t a l  a n i m a l s .  A l -  
though the n u m b e r  of m e t a p h a s e s  and,  in p a r t i c u l a r ,  of t e l o p h a s e s  and r e c o n s t r u c t i o n s  in s o m e  c a s e s  was  
h i g h e r  than  in the  c o n t r o l ,  ~ the  d i f f e r e n c e s  w e r e  not  s i g n i f i c a n t .  

S e r i e s  I V .  A n i m a l ' s  o f  D i f f e r e n t  A g e s  K i l l e d  2 h 

a f t e r  I n j e c t i o n  o f  A d r e n a l i n  

No s i g n i f i c a n t  c h a n g e s  in m i t o t i c  a c t i v i t y  w e r e  found in the c o r n e a l  e p i t h e l i u m  of  the  e x p e r i m e n t a l  
r a t s  a g e d  2 d a y s  (Tab le  4). In a n i m a l s  a g e d  4, 7, and  25 days  a s h a r p  d e c r e a s e  in the  m e a n  MI due to a 
d e c r e a s e  in the  n u m b e r  o r  d i s a p p e a r a n c e  of  the  e a r l y  s t a g e s  of d i v i s i o n  was  o b s e r v e d ;  m i t o s i s  was  c o m -  
p l e t e l y  a b s e n t  in the  2 5 - d a y  r a t s .  

I t  can  be  c o n c l u d e d  f r o m  t h e s e  r e s u l t s  t ha t  the  a c t i o n  of  a d r e n a l i n  on c e l l  d i v i s i o n  i s  b i p h a s i c  in 
c h a r a c t e r .  I t  a f f e c t s  the c o u r s e  of  m i t o s i s  i t s e l f  b y  d e l a y i n g  the p a s s a g e  of  the c e l l s  t h r o u g h  c e r t a i n  
p h a s e s ,  a s  i s  s e e n  m o s t  c l e a r l y  in young  a n i m a l s  in the  e a r l y  p e r i o d s  a f t e r  i n j e c t i o n  of  the h o r m o n e .  With  
age  a n o t h e r  a s p e c t  of i t s  a c t i o n  i s  i n t e n s i f i e d :  d e l a y  of the e n t r y  of  the  c e l l s  into m i t o s i s .  The  r e s u l t s  
showed tha t  in o r d e r  to a s  s e s s  t he  c h a r a c t e r  of a c t i o n  of a d r e n a l i n  on p r o l i f e r a t i v e  p r o c e s s e s  c o r r e c t l y  i t  is  
not  su f f i c i en t  s i m p l y  to d e t e r m i n e  the m e a n  va lue  of  MI, fo r  i t s  c h a n g e s  u n d e r  the  in f luence  of the h o r m o n e  
a r e  the r e s u l t  of  i nh ib i t i on  of  e n t r y  of  the  c e l l s  into m i t o s i s  and  a d i s t u r b a n c e  of  the  c o u r s e  of  the i n d i v i d u a l  
p h a s e s  of  m i t o s i s .  The  r o l e  of  e a c h  of  t h e s e  a s p e c t s  of  the  a c t i o n  of  a d r e n a l i n  d i f f e r s  a t  d i f f e r e n t  s t a g e s  
of on togeny  of  the a n i m a l s .  
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