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M I T O T I C  A C T I V I T Y  O F  L Y M P H O C Y T E S  IN T H E  T H Y M U S  

C O R T E X  D U R I N G  H Y P O K I N E S I A  A N D  R E A D A P T A T I O N  

G. V. Kharlova and S. E. Li UDC 612.438-06 ; 612.766.2 

Changes in the weight and mitotic index in the thymus cortex of Wistar rats were studied 
during hypokinesia for i0 days followed by recovery for the same period. The mitotic index 
was reduced by half, 24 h after immobilization of the animals. During readaptation a stage of 
secondary stress (when the mitotic index was reduced by 71%) was followed by a stage of true 
readaptation after i0 days. 

KEY WORDS: hypokinesia; mitotic activity; thymocytes; readaptation. 

Exposure to s t r e s s o r s  leads to involution of lymphoid organs [3, 4, 7]. Atropic changes have been ob- 
se rved  in the lymphoid organs of mice  [6] and r a t s  [5] during immobil izat ion.  The object  of the p resen t  inves t i -  
gation was to study s t r e s s  changes during hypokinesia and r e c o v e r y  of the thymus af ter  immobil izat ion of the 
animals ended. 

Attention was concentra ted on the cel lu lar  mechanisms of s t r e s s ,  as re f l ec ted  in the mitotic activity of 
cor t ica l  lymphocytes.  

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

Wistar rats weighing 130-160 g were used. Hypokinesia was induced by placing the animal in a closely 
fitting transparent plastic mold, the lid and one wall of which were movable. The mold was so designed that 
all movements of the animal except of its head were prevented. Immobilization continued for 12 h and 2, 8, 
and i0 days. After immobilization for i0 days the animals were allowed out into a general cage. The animals 
were tested 6, 12, and 18 h and 2, 8, and i0 days after the beginning of recovery. They were killed in the 
mornings, 5 to 8 rats at each time. In histological section cells and mitoses were counted in the cortex of the 
thymus (the zone located 2-3 fields of vision away from the capsule). The mitotic index (MI) was expressed in 

promille. 

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

After  the animals had been secured  in the molds,  the weight of the thymus fel l  v e ry  quickly (Fig. 1), by 
60% of its init ial  value on the 10th day. 

A s ta t is t ica l ly  significant i nc rease  in MI of the cor t ica l  lymphocytes  (19.1~ control  (13.1~ was observed.  
However,  compar i son  of the phases of mitos is  in the exper imenta l  and control  groups showed that the inc rease  
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Fig. 1. Changes (in % of control) in weight of thymus and 
mitotic activity of rats during hypokinesia (A) and readapta- 
tion (B). Abscissa, time from beginning of experiment (in 
days). 1) Weight of thymus; 9,) NI; 3) number of cells in 
f i e l d  of v i s i on .  

T A B L E  1. C ha nge s  in T h y m u s  C o r t e x  
d u r i n g  H y p o k i n e s i a  and R e a d a p t a t i o n  

Period 
- ~-~ ,~-~ 

~. ~ ~ .~ o ~ xp~i  co~- 
y o ~  / E ~ k n e n t  |trol P a o  =~ 

I 
Hypokinesia I2 h 96,5 

1 day I 82,1 
8 >> 31,0" 
l0 >> 38,9* 

95 19,1 
98,9 6,l 
83,3 8,1 
89,8 7,9 

13,4 0,0037 
13,4 0,001 
13,2 
12,6 

Readapta- 
tion 

6 h 21,6" 
12 >> 16,4" 
i8 ~ [ 37,4* 

2days I 50,0* 
8days 62,0 
10 ~> 93,1 

76* 
57,9* 

9O 
77* 
92 
93 

8,5 12,4 
3,46 I2,4 
8,6 12,4 
7,1 12,4 

i2,5 t4,7 
13,0 14,7 

0,002 
0,002 

0,155 
0,005 
0,223 
0,058 
0,562 
0,450 

* Difference from control significant. 

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 s  canno t  be r e g a r d e d  as  s t i m u l a t i o n  of m i t o t i c  a c t i v i t y ,  fo r  t h e r e  was  
no i n c r e a s e  in  the  n u m b e r  of p r o p h a s e s .  K the  n u m b e r  of e a r l y  and la te  p r o p h a s e s  and a l s o  of m e t a p h a s e s  in  
the  c o n t r o l  g r o u p  i s  t a k e n  a s  100%, in the  e x p e r i m e n t a l  g r o u p  the  v a l u e s  w e r e  63.5 and 120% r e s p e c t i v e l y .  

The i n c r e a s e  in  MI was  e v i d e n t l y  due to an  i n c r e a s e  in  the d u r a t i o n  of m i t o s i s  and,  in  p a r t i c u l a r ,  of m e t a -  
p h a s e  b e c a u s e  the  p e r c e n t a g e  of m e t a p h a s e s  w a s  i n c r e a s e d .  T h e r e  w a s  no change  in  the  n u m b e r  of a n a p h a s e s  
and t e l o p t m s e s .  A d r e n a l i n ,  which  i s  s e c r e t e d  d u r i n g  i m m o b i l i z a t i o n ,  i s  a s t r e s s o r  f a c t o r .  I t  h a s  been  shown 
[2] tha t  a d r e n a l i n  can  in f luence  the  i n c r e a s e  in  the  d u r a t i o n  of m i t o s i s  in  the  c o r n e a  of m o u s e  e m b r y o s ;  in  the  
p r e s e n t  e x p e r i m e n t s  an i n c r e a s e  in  MI w a s  o b s e r v e d  but d id  not  r e f l e c t  a t zue  i n c r e a s e  in  p r o l i f e r a t i o n .  

A f t e r  24 h MI in  the  c o r t i c a l  t h y m o c y t e s  f e l l  v e r y  s h a r p l y  - to  6.1~ c o m p a r e d  with 13~ in the  c o n t r o l  
(Fig .  1). In i n d i v i d u a l  a n i m a l s  MI f e l l  to 2.80/0o . T h i s  s h a r p  d e c r e a s e  in  NII in  the  t h y m u s  s u g g e s t s  t ha t  h y p o -  
k i n e s i a  f o r  24 h c o r r e s p o n d s  to  the  a l a r m  p h a s e  of c h r o n i c  s t r e s s .  On the  8 th -10 th  day  of  i m m o b i l i z a t i o n  of 
t h e  a n i m a l s ,  s l i g h t  s t i m u l a t i o n  of  p r o l i f e r a t i o n  w a s  o b s e r v e d  in the  t h y m u s .  The i n c o m p l e t e  r e c o v e r y  of the  
we igh t  of the  t h y m u s  and the  v e r y  s m a l l  i n c r e a s e  in  MI a r e  e v i d e n c e  tha t  p a r t i a l  a t r o p h y  of  the  o r g a n  p e r s i s t e d  
in  the  a n i m a l s  a f t e r  i m m o b i l i z a t i o n  fo r  10 days  (Tab le  1). 

R e p a i r  p r o c e s s e s  in  the  t h y m u s  d id  not  beg in  i m m e d i a t e l y  a f t e r  the  end of i m m o b i l i z a t i o n  of the  a n i m a l s  
and  t h e i r  r e t u r n  to the  c o m m o n  cage .  To begin  wi th ,  t h e r e w a s  a p e r i o d  of m a r k e d  s e c o n d a r y  s t r e s s ,  the  d u r a -  
t ion  of  w h i c h  v a r i e d  f r o m  18 to 48 h in  d i f f e r e n t  a n i m a l s .  

D u r i n g  s e c o n d a r y  s t r e s s ,  t h e w e i g h t  of the  t h y m u s  a g a i n  f e l l  s h a r p l y  (to 16.4% of i t s  w e i g h t  in  c o n t r o l  
a n i m a l s ) .  Dea th  of the  t h y m o c y t e s  and  i m m a t u r e  T - c e l l s  t a k e s  p l a c e  m o r e  f r e q u e n t l y  a t  t h i s  t i m e  [10]. Many 
dy ing  H a s s a l l ' s  c o r p u s c l e s  w e r e  s een ,  wi th  r e v e r s a l  of the  l a y e r s  and  a d e c r e a s e  in the  n u m b e r  of c e l l s  p e r  
f i e l d  of v i s i o n ,  e v i d e n c e  of a d i s t u r b a n c e  of m i g r a t i o n .  P r o l i f e r a t i o n  in  the  o r g a n  w a s  d e p r e s s e d  a f t e r  6 h and 
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MI for  the group was 8.5~ although in some cases  it fel l  lower  still  - to 4.7~ (control 12.42~ ). A p a r -  
t i cu la r ly  sharp  decline in MI was obse rved  12 h a f te r  the end of immobil izat ion.  The mean  value of MI for  the 
group was 3.460/oo, although in some animals  it did not reach  l~ The overa l l  value of MI for  the group rose  
cons iderably  18 h a f t e r  the end of immobil izat ion,  to 8.60/00. In mos t  ra t s ,  the thymus was r e s t o r e d  a f te r  2 
days,  when MI was 7.1~ . In two ra t s ,  however ,  MI sti l l  r ema ined  low, at 1.5 and 4.50/00. 

Consequently,  r e c o v e r y  af ter  the end of immobi l iza t ion  can be deemed to have s t a r t ed  only af ter  18-48 h, 
but even then, only in individual an imals .  In p repa ra t ions  of the thymus at  these  t imes  la rge  pyroninophil ic 
cel ls  (of the blas t  cel l  type), with nucleoli  d isplaced to the side of the nuclear  m e m b r a n e ,  could be seen  at  
these  t imes .  Somet imes  m i t o s e s  we re  v is ib le  in these  cel ls .  The weight  of the thymus a f t e r  2 days of r e -  
genera t ion was inc reased ,  up to 50% of the weight  in the control  animals .  

The weight of the thymus 8 and 10 days af ter  the end of immobi l iza t ion  of the an imals  was i nc rea sed  
considerably ,  and now reached  93% of the control  (i.e., i t  did not differ  s ta t i s t i ca l ly  signif icantly f r o m  the 
weight of the thymus in the control  ra t s ) .  MI 8-10 days af ter  the end of immobi l i za t ion  was indist inguishable 
f r o m  the control .  However ,  the r e g e n e r a t i n g  thymus glands differed a l i t t le f r o m  the control  in thei r  s t ruc tu re :  
the cor tex  was th icker  and some of the thymocytes  we re  la rger .  

The genera l  syndrome  of hypokinesia  in these  exper imen t s  was  thus aggrava ted  by s t r e s s  changes,  a r i s -  
ing in r e sponse  to injury.  The a l a r m  s tage of p r i m a r y  s t r e s s  was c h a r a c t e r i z e d  by depress ion  of p r o l i f e r a -  
tion in the thymus cor tex  by 50%. A cons iderable  dec r ea se  in MI in this a l a r m  s tage a lso  was obse rved  in the 
l iver  and adrena l s  by Kir i I lov  [5], who immobi l i zed  r a t s  in molds.  In the r e s i s t a n c e  s tage pro l i fe ra t ion  in-  
c r ea sed  a little in the thymus cor tex,  but adaptation was incomplete  a f te r  immobi l iza t ion  for  10 days. The 
secondary  s t r e s s  which was found immedia t e ly  a f te r  the an imals  had been r e tu rned  to the genera l  cage thus 
had a different  background initially: MI was 7.9~00 comparedwi th  13.4~ init ially.  The a l a r m  stage of secondary  
s t r e s s  was much  m o r e  m a r k e d  (3.40/00 com par ed  with 6.10/00). The development  of acute  s t r e s s  Was descr ibed  [3] 
in the r a t  thymus 9-11 h af ter  landing of the a r t i f i c ia l  ea r th  sa te l l i te  Kosmos-782 .  During both p r i m a r y  and 
secondary  s t r e s s  in the p r e s en t  expe r imen t s  p ro l i fe ra t ion  and different iat ion of the thymocytes  we re  disturbed.  
The s t r o m a  of the organ was undamaged and p r e s e r v e d  i ts  powers  of  pro l i fe ra t ion ,  on account  of which the 
thymus was able to r e c o v e r .  During the r e c o v e r y  per iod the s tage of secondary  s t r e s s  m u s t  be dist inguished 
f r o m  the s tage of t rue  r egene ra t ion  (readaptation).  

The r epa i r  p r o c e s s e s  obse rved  af ter  hyopkinesia  a r e  s im i l a r  to those found af ter  cor t i sone- induced  in-  
volution of the thymus,  and a lso  a f t e r  syngeneic  or  semisyngene ic  t ransplanta t ion,  and they differ  f r o m  p r o -  
c e s se s  induced by t r a u m a  [8]. 
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