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Repa i r  p r o c e s s e s  in the l iver  and adrenal  cor tex  of hemiad rena lec tomized  f ema le  r a t s  with an 
acute d is turbance  of the c i rcula t ion  resu l t ing  f r o m  o r thos t a s i s  were  studied by quantitat ive 
methods  (cy tometry ,  k a r y o m e t r y ,  nuc leo lomet ry ,  de te rmina t ion  of the cell  composi t ion and of 
the nuc leo-cy top lasmic  and nucleolo-nuclear  r a t ios ) .  Regenera t ion  of the organs  studied showed 
some common fea tu res .  During the f i r s t  days af ter  the expe r imen t  the number  of dying ce l l s  in 
the organs  was inc reased .  Meanwhile the number  of ami to se s  and of binuclear  cel ls  inc reased  
in the l iver .  By the 15th day in the adrenal  and by the 45th day in the l iver  the cell  composi t ion 
of the organs  was s tabi l ized.  Dur ing  the f i r s t  week af ter  o r thos tas i s  mitot ic  act ivi ty  of the ep i -  
thelial  ce i l s  was inc reased  in both organs .  In the la ter  s tages  r egene ra t ion  took place at  the 
in t race l lu la r  level  (activation of the nuclear  appara tus  and hype r t rophy  of the cy top lasm of the 
cei ls) .  
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In haman pathology les ions  of the in ternal  organs  a r i s ing  as a r e su l t  of acute d is turbances  of the c i r cu l a -  
tion are  not infrequently found [1, 2, 5]. However ,  r e p a i r  p r o c e s s e s  af ter  lesions of this type have been in- 
adequately studied, e spec ia l ly  f r o m  the quanti tat ive aspect .  

The object  of this invest igat ion was to study the dynamics  of the m o r p h o m e t r i c  indices charac te r i z ing  
injury and r e p a i r  p r o c e s s e s  in the l iver  and adrenal  cor tex  of r a t s  af ter  an exper imen ta l  vascu la r  c r i s i s .  

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

The expe r imen ta l  model  of an acute c i r cu l a to ry  dis turbance a r i s ing  as a r e su l t  of f ixation of albino r a t s ,  
weighing 180-230 g, in the ve r t i ca l  posi t ion with the head uppe rmos t  for  10-12 h was used in the exper imen t s .  
With the object  of reducing  the r e s i s t a n c e  of the an imals ,  l e f t - s ided  ad rena lec tomy was p e r f o r m e d  on them 
14-15 days  before  the exper iment .  The animals  were  decapi ta ted at t imes  ranging  f r o m  9 h to 90 days af ter  the 
beginning of o r thos tas i s ,  a lways in the morning.  P ieces  of l iver  f r o m  96 r a t s  and of adrena ls  f r o m  50 r a t s  
f r o m  this group were  fixed in Bouin' s fluid. Organs  of intact  an imals  and a lso  of hemiadrena lec tomized  r a t s ,  
15, 45, and 60 days  af ter  the operat ion,  se rved  as the control .  Epi thel ia l  Cells were  counted (12,000-15,000 
ce l l s  at each t ime in the l iver  and 5,000-6,000 ce l l s  in the adrenal) in the l iver  1, 3, 5, 12, 20, 45, and 90 days 
af ter  o r thos tas i s ,  and in the adrena ls  at the boundary between the zona g lomeru losa  and zona fasc icu la ta  
(24 ra t s )  1, 5, 7, 9, 15, and 30 days af ter  o r thos ta s i s .  Cell  f o r m s  re f lec t ing  injury and death of the cel ls  - ce l ls  
with pycnos is  and with lys is  of the nuclei  [3],  and a lso  p r o c e s s e s  of r e p a i r  (mitosis ,  amitot ic  division of the 
nuclei,  b inuclear  ce l l s  in the l iver ;  mi tos i s ,  large hype rch roma t i c  nuclei,  and cel ls  with expulsion of the 
nucleolus f r o m  the nucleus in the adrenals)  were  dist inguished.  Changes in the mean size of the cel ls  were  
judged f r o m  the dynamics  of their  number  per  field of vision of the m i c r o s c o p e .  The mean a r e a  of the cel ls  
with morpholog ica l ly  unchanged nuclei  a l so  was de t e rmined  in the control  and at the la ter  s tages  (30-45 days) 
by a pho tograv ime t r i c  method (magnif icat ion 1,300x).  Fo r  k a r y o m e t r y  and nuc leo lomet ry  a specia l  ocular  
sca le  [4] was used. At each  t ime 400 ce l l s  in the l iver  and 150-200 ce l l s  in the adrenal  were  m e a s u r e d .  The 
r e s u l t s  were  subjected to s ta t i s t i ca l  ana lys i s .  
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TABLE 1. Morphometr ic  Charac ter i s t ics  of Ceils of the Liver and Zona Fasc icu la ta  of 
the Adrenal Cortex in the Control and in the Late Period after  Orthostasis  (M • m) 

Organ studied 
and lime of 
investigation 

I Mean area of Mean area Mean area of Nucleo- Mean 
cell of nucleus cytoplasm :ytoplasmic number 

ratio, % of nu- cleoli in 
~2 nucleus 

Mean area of 
nucleolus, ~2 

Nucleolo- 
nuclear 
ratio,% 

Liver 
Control (60 days' 

after hemia- 
drenalectomy) 

45 days after 
orthostasis 

P 

Control 
45 days after 

orthostasis, 
P 

Adrenal 
Control 1 

intact 
rats) 

Control 2 
(45 days~ after 
hemiadrenal- 
ectomy) 

30 days after pz 
orthostasis 

p |  " 

221,55-43,69 

267,22-412,49 
~o,ol 

297,05-411,86 

3 4 8 , 1 8 - 4 1 3 , 7 2  
<0,05 

2 0 6 , 5 5 - 4 3 , 8 2  

241,84-t-9,20 
'<0,05 

307,56-t-12,32 
<o,o5 

Mononuclear cells 

40,83-40,39 

46,88-40,27 
<0,001 

36,12-40,31 

39,79-40,32 
<0,001 

26,20-40,41 

31,33_0,50 
<o,oot 

31,41___0,65 
>0,05 

180,72-44,08 

220,34-412,76 
<0,05 

~inuclear cells 

224,81-412,48 

268,60::t:14,36 
<0,05 

180,35-44,23 

210,51+9,70 
<0,05 

276,15-412,97 
<0,05 

22,59___0,74 

21,28-41,43 
>025 

32,13-42,18 

29,63-41,92 
>0,05 

14,53-40,57 

14,88_0,97 
>0,05 

11,37-40,81 
<o,o5 

1,478 

1,930 

1,458 

1,970 

1,631 

1,822 

1,952 

2,164-40,056 

2,190-40,061 
>0,05 

2,011-40,050 

1,948-40,045 
>0,05 

0,785-40,384 

O, 785-~t-0,330 
0 

3,142-41,322 
<o,1 

7,834-0,28 

9,02-40,30 
~o,ol 

8,12-40,27 

9,64-40,31 
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4,57-+.2,03 
>0,05 
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Fig. 1 Fig. 2 

F i g .  I .  N u m b e r s  of d i f f e r e n t  c e l l  f o r m s  in l i v e r  in c o n t r o l  and at  v a r i o u s  t i m e s  a f t e r  o r t h o -  
s t a s i s .  A b s c i s s a ,  t ime  a f t e r  o r t h o s t a s i s  (in d a y s ) ;  o r d i n a t e ,  n u m b e r  of c e l l s  (in ~00). A:  i )  
c e l l s  with k a r y o l y s i s ,  2) c e l l s  with k a r y e p y c n o s i s ;  B: 1) b i n u c l e a r  c e l l s ,  2) c e l l s  with a m i -  
to t ic  d i v i s i o n  of n u c l e i  in p r o g r e s s ,  3) m i t o s e s .  I )  i n t a c t  o rgan ;  C) l i v e r  15 d a y s  a f t e r  h e m i -  
a d r e n a l e c t o m y .  

F i g .  2. N u m b e r  of d i f f e r e n t  c e l l  f o r m s  in zona  f a s c i c u l a t a  of a d r e n a l  c o r t e x  in c o n t r o l  and a t  
d i f f e r e n t  t i m e s  a f t e r  o r t h o s t a s i s .  A b s c i s s a ,  t ime  a f t e r  o r t h o s t a s i s  (in d a y s ) ;  o r d i n a t e ,  n u m b e r  
of c e l l s  (in %). A:  I)  c e l l s  with m o r p h o l o g i c a l l y  unchanged  nuc l e i ,  If)  c e l l s  with k a r y o l y s i s ,  
I I I )  c e l l s  with k a r y o p y c n o s i s ;  B: I )  c e l l s  with l a r g e  h y p e r c h r o m a t i c  nuc l e i ,  I I )  c e l l s  with 
n u c l e o l u s  e x p e l l e d  f r o m  n u c l e u s ,  I I I )  m i t o s e s .  I )  In t ac t  o rgan ;  C) a d r e n a l  15 d a y s  a f t e r  h e m i -  
a d r e n a l e c t o m y .  
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Fig~ 3. Changes in mean  number  of cel l  f o r m s  per  field of vision of m i c r o -  
scope in l iver  (A) and adrenal  cor tex  (B). Absc i s sa ,  t ime af ter  o r thos tas i s  (in 
days);  ordinate,  number  of ce i l s  per field of vision of m i c r o s c o p e  (in % c o m -  
pared  with intact  organs) .  1) Exper iment ;  2) control  (hemiadrena lec tomized  
an imals  not subjected to o r thos tas i s ) .  I)  Intact  organ; C) 15 days  af ter  h e m i -  
ad rena lec tomy.  

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

To a s s e s s  the changes taking place as  a r e s u l t  of o r thos tas i s ,  they had to be dis t inguished f r o m  the effect  
of h e m i a d r e n a l e c t o m y  on the s t ruc tu re  of the two organs  studied. In the adrenal  cel ls  expulsion of the 
nucleolus f r o m  the nucleus was  much m o r e  f requent ly  found 15 days  af ter  the operat ion,  whereas  the number  
of pycnotic ce l l s  was  reduced  (10 < 0.05). By the 45th day compensa to ry  hype r t rophy  of the nuc l eus  and cy to-  
p l a sm had developed in the ce l l s  of the zona fa sc icu la ta  (Table 1). In the l ive r  by the t5th day the number  of 
ce l l s  with pycnos is  and k a r y o l y s i s  was reduced  s ta t i s t i ca l ly  s ignif icant ly (10 < 0.05). By the 60th day all  the 
m o r p h o m e t r i c  indices were  at the c h a r a c t e r i s t i c  level  for the intact  l iver .  

On the f i r s t  days  af ter  o r thos tas i s  d i s tu rbances  of the c i rcula t ion in the sma l l  v e s s e l s  and cap i l l a r i e s  
were  obse rved  in the o rgans  studied, leading to both diffuse and local ized degenera t ive  changes.  As a r e s u l t  
the number  of ce l l s  with ka ryo lys i s  inc reased  in the l iver  and adrena ls  and the number  with pycnosis  inc reased  
in the l iver  (Figs.  1 and 2). Meanwhile,  the number  of ami to se s  and binuclear  ce l l s  inc reased  in the l iver  also.  
By the third day an inc rease  in mitot ic  act ivi ty of the hepatocytes  was observed  (MC = 0.49%0 ). Onthe f i f thday 
the number  of ce l l s  with ka ryo ly s i s  and pyenosis  and a lso  the number  of binuclear  hepatocytes  in the l iver  were  
reduced.  In the adrenal ,  a reduction in k a r y o l y s i s  was accompanied by an inc rease  in the number  of ce l l s  with 
pyenotic nuclei  and the number  of mi toses ;  the la t ter  r eached  a peak on the seventh day (MC = 3.90~00). Bythe  
10th-15th day the ra t io  between the number s  of cell  f o r m s  in the adrenal  was a lmos t  the same  as initially, 
whereas  in the l iver  at this t ime a second wave  of a m i t o s e s  appeared  and the number  of binuclear  cel ls  was 
inc reased .  On the 20th day the number  of hepatocytes  with k a r y o l y s i s  and pyenosis  of the nuclei  was s ignif i -  
cantly higher  than in the control  (10 < 0.05). The number  of ami to se s  and binuclear  ce l l s  at this s tage was 
sharp ly  reduced.  As a r e s u l t  of these p r o c e s s e s  the cel l  composi t ion of the l iver  in the la ter  s tages  was r e l a -  
t ively s tabi l ized.  

During r e c o v e r y  r egu l a r  changes  in the mean size of the ce l l s  also were  observed  in both organs  (Fig. 3): 
a t e m p o r a r y  inc rease  In their  d imens ions  (in the adrenal  on the 1st and in the l iver  on the fifth day), evidently 
a r i s ing  on account of swelling of the cel ls ,  and also a p e r s i s t e n t  dec r ea se  in the mean  number  of ce l l s  per  field 
of vision of the m i c r o s c o p e  on the 30th-45th day of the expe r imen t  (10 < 0.05), indicating their  h y p e r t r o p h y .  The 
r e s u l t s  of d i r ec t  m e a s u r e m e n t s  of the cel ls  and their  nuclei  a re  given in Table  1. In both organs  there  was an 
inc rease  in the mean  d imens ions  of the ce l l s  by 17-27% c o m p a r e d  with the hemiad rena l ec tomized  an imals  not 
exposed to o r thos tas i s .  In the l iver ,  s imul taneous ly  with hyper t rophy  of the cy top lasm the mean  a r e a  of the 
nucleus was inc reased  (1 ~ < 0.05), whereas  the nuc leo-cy top lasmic  r a t i o  r ema ined  constant .  The inc rease  in 
the mean number  of nucleol i  per  nucleus,  with no change In their  s i z e ,  led to an i nc rea se  in the nucleolo-  
nuclear  ra t io .  The mean  a r e a  of the nuclei  in the adrenal  was not inc reased  but the nuc leo-cy top lasmic  r a t io  
was reduced  under these c i r c u m s t a n c e s .  Meanwhile the mean  a r e a  of the nucleol i  was inc reased  by 300% with- 
out any cor responding  inc rea se  in their  number  in the nucleus,  so that there  was a sha rp  r i s e  in the n u c l e o l o -  
nuclear  ra t io .  The changes obse rved  in the nuc leo lar  sys t em,  c h a r a c t e r i s t i c  of both organs  studied, r e f l e c t  an 
inc rease  in the intensi ty of the rhy thms  of RNA synthes is  in the nuclei  [6],  with a consequent  i nc rease  in size 
of the cel l  cy top lasm.  
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The resul ts  point to an important role of hypertrophy of the cells, which evidently develops on account 
of intracellular repair  processes,  in the regeneration of the liver and adrenal" cortex of ra ts  after hemocircu- 
latory lesions of these organs. 
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