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E x p e r i m e n t s  on 420 male  albino r a t s  weighing 105-120 g showed tha t  at  high a l t i tudes  the  
m a x i m a l  i n c r e a s e  in mi to t i c  ac t iv i ty  of the r ena l  c o r t e x  and medu l l a  dur ing  c o m p e n s a t o r y  
h y p e r t r o p h y  is  2-2 .5  t i m e s  l e s s  than in the  va l l ey ,  and i t  is  o b s e r v e d  on the fifth, and not the 
second,  day a f t e r  u n i l a t e r a l  nephrec tomy .  

Inves t iga t ions  at  high a l t i tudes  [1-4,  7] have shown that  r e g e n e r a t i v e  p r o c e s s e s  in an ima l s  (dogs, r a b -  
b i t s ,  a lbino r a t s  and mice)  t r a n s f e r r e d  t h e r e  f rom the va l l ey  take  p l a c e  m o r e  s lowly  in t h e i r  o rgans  and t i s -  
sues .  The r e l a t i v e  adapta t ion  deve loped  by  an ima l s  dur ing  a s tay  of one month at high a l t i tudes  has  a f a v o r -  
able  ef fec t  on the  an imal  and l a r g e l y  r e s t o r e s  t h e s e  p r o c e s s e s  to the l eve l  o b s e r v e d  in the v a l l e y  [1, 2, 7]. 

The ob jec t  of  the  p r e s e n t  inves t iga t ion  was to d e t e r m i n e  the e f fec t  of combined  h igh -a l t i t ude  f ac to r s  
( r a re fac t ion  of the a t m o s p h e r e ,  i n c r e a s e d  s o l a r  and c o s m i c  rad ia t ion ,  s h a r p  drop  of t e m p e r a t u r e  f rom 
day to night,  low abso lu te  humid i ty  of the  a i r ,  s t r o n g  wind, etc.) on the mi to t i c  ac t iv i ty  of the k idney u n d e r -  
going c o m p e n s a t o r y  h y p e r t r o p h y  at va r ious  t i m e s  a f t e r  the c l imb  into the mounta ins ,  and to c o m p a r e  the 
r e s u l t s  with the c o r r e s p o n d i n g  da ta  obtained in the va l l ey  at the s a m e  e x t e r n a l  env i ronmen ta l  t e m p e r a t u r e  
as  in the mountains .  

EXPERIMENTAL METHOD 

Experiments in the mountains at an altitude of 3379 m above sea level (Anzob Pass} were carried out 

on 280 sexually mature male albino rats weighing 105-120 g, "~hich were divided into four groups (70 ani- 

mals in each group). Left sided nephrectomy was performed on the animals of group 1 on the 2nd-3rd day 
after their arrival in the mountains. The animals of group 2, with intact kidneys, served as controls. Left- 

sided nephrectomy was performed on the rats of group 3 on the 31st-32nd day after their arrival in the 

mountains. The controls for these animals were those of group 4, with intact kidneys. All animals were 

kept on the same diet and under identical conditions, with I0 rats sharing standard cages. 

The rats were decapitated in groups of i0 at each time, always at 12 noon, and I, 2, 5, I0, 15, 30, and 

60 days after the beginning of the experiment. Similar experiments were performed on 140 rats of the 

same weight, divided into two groups, in Dushanbe (altitude 820 m above sea level). The left kidney was re- 

moved from 70 animals, while the other 70 acted as the control. 

The methods of histological processing of the material and counting of the mitoses were described in 

the previous paper [6]. 

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

The r e s u l t s  of the  s tudy of mi to t ic  ac t iv i ty  in the mounta ins  and va l l ey  a r e  shown in Table  1. 

An i n c r e a s e  in mi to t i c  ac t iv i ty  in both the co r t ex  and medu l l a  of the  r e s i d u a l  kidney was o b s e r v e d  
one day a f t e r  u n i l a t e r a l  n e p h r e c t o m y  in the va l ley .  It is  worth ment ioning that  no i n c r e a s e  in mi to t i c  
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TABLE 1. Mitot ic  Act iv i ty  of Ra t ' s  Kidney 

MI in kidney undergoing corn- 
Time of haves- MI in control kidney (in °40 ) pensatory hypertrophy (in °/00) 
tigation (in 
days) cortex medulla cortex medulla 

In the valley 

1 
2 
5 

10 
15 
30 
60 

1 
2 
5 

I0 
15 
30 
60 

1 
2 
5 

10 
15 
30 
60 

0,714=0.C 
O. 724=0,0'~ 
0,77-t=0,04 
0,73 4=0,03 
0,824=0,04 
0,744=0.03 
0,694-0,02 

0,44 4=0,10 
0,46-t=0,09 
0,45 4-0,07 
0,45-t=_0,05 
0,47 4=0,04 
0,47~=0,04 
0,464=0.02 

1,44~=0,02 
3,384-0,19 
1,93 4-0,14 
l, 67 4-0,06 
1,36-JzO ,03 
1,084=_0,02 
0,90~=0,02 

In the mountaim; rats not yet adapted 

0,27-J=0,01 
0,324-0.02 
0,394=0.02 
0,454-0.0l 
0,544=0.02 
0,59ac0,01 
0,634-0.01 

O, 16__+0,01 
0.204=0,01 
0,244-0,01 
0.30 40.02 
0,33 4=0,03 
0,384-0,01 
0,434-0,01 

0,23-t=0,01 
0,724=0,03 
1,384-0,04 
1,32 4-0,03 
I, 124-0,04 
0,98 4=0,02 
0,844=0,03 

In the mountains; rats adapted 

0,604-0.01 
0.644=0,01 
0.634-0,03 
0,674-0,03 
0,664=-0,03 
0,68 4=0,05 
0,67~0.02 

0.424=0,01 
0,454-0,02 
O, 43 4-0,02 
0,44 4=0,02 
0.474=0,01 
0,484=0.02 
0,464=0,01 

0,99 4_0, 15 
1,35 4-0,04 
1,944-0, l0 
1,69 4=0,07 
1,294=_0,08 
1,064=0,08 
0,93 qc0,06 

0,66-h0,03 
1,89-h0,04 
1,16 4-0,02 
0,99-h0,02 
0,84-t=0,03 
0,62-h0,01 
0,594-0,02 

0,154=0,01 
0,444-0,02 
0,734=0,02 
0,704=0,02 
0,62 4=0,02 
0,594=0,02 
0,51~=0,01 

0,59:k0,02 
0,794=0,03 
1,03 4=0,02 
0,954=0,04 
0,794=0,04 
0,60+0,01 
0,57~=0,03 

Note. MI denotes mi to t ic  index. 

ac t iv i ty  in the medul la  of  the kidney undergoing compensa to ry  hyper t rophy  was found p r e v i o u s l y  in ra t s  
[8]. The mi to t ic  index (M1) r eached  a max imum on the second day [5, 8], and r e m a i n e d  high for  2 months.  
It was 1.5-2 t i m e s  h igher  in the c o r t e x  than in the medulla .  

The e x p e r i m e n t s  c a r r i e d  out in the mountains on unadapted animals  showed that  t h e i r  t r a n s f e r  f r o m  
the va l l ey  to the mountains  sha rp ly  inhibited mi to t ic  ac t iv i ty  in the in tact  kidney. Whereas  in the va l ley ,  
MI in the c o r t e x  of the cont ro l  kidneys v a r i e d  f r o m  0.69 =k 0.02 to 0.82 4- 0.04 %0, and the medul la  f r o m  
0.44 • 0.1 to 0.47 ~ 0.04°/00; 1 day a f te r  the a r r i v a l  of the ra t s  in the mountains  the MI was reduced  by m o r e  
than 2.5 t imes ,  to 0 .27.0 .01°/00 for  the co r t ex  of the intact kidney and 0.16 • 0.01°/00 fo r  the medul la .  The 
d i f f e r ences  a r e  s t a t i s t i ca l ly  s igni f icant  (P < 0.001). 

Gradual  adaptat ion of the animal  to the combinat ion of h igh-a l t i tude  f ac to r s  had a benef ic ia l  e f fec t  on 
the mi to t ic  ac t iv i ty  of the r ena l  ep i the l ium.  Af te r  the ra t s  had been  2 months in the mountains,  MI was 
0.63 4 -0 .01%0fo r theco r t ex  and 0.43 4-0.01°/00for the medulla.  The d i f f e r ences  f rom data obtained in the 
va l l ey  were  no longer  s t a t i s t i c a l l y  s ignif icant  (P > 0.05). 

Under  high alt i tude condit ions,  in the kidney of  the unadapted ra t s  undergoing c o m p e n s a t o r y  h y p e r -  
t rophy 1 day af ter  the opera t ion .MI  in the c o r t e x  and medul la  was reduced  (0.23 4-0.01 and 0.15 • 0.01°/00 as 
agains t  0.27 ~0.01 and 0.16 4- 0.01 ~0 in the in tact  animals) ,  but these  d i f f e rences  are  not s t a t i s t i c a l l y  s ign i -  
f icant  (P > 0.05). At these  l as t  t i m e s  mi to t ic  act ivi ty  showed a marked  i n c r e a s e ,  r each ing  a m ax im um  on 
the fifth day, when MI in the c o r t e x  was 3.5 t i m e s  h ighe r  than in the control ,  and in the medul la  3 t i m e s  
h igher  (P< 0.001). MI s t i l l  r e m a i n e d  at a lmos t  the same  leve l  10 days a f t e r  the operat ion.  On the 15th, 
30th, and 60th days,  MI was s t i l l  h ighe r  than the control  by a s t a t i s t i c a l l y  s igni f icant  deg ree  (P < 0.001). 
Consequent ly ,  the mi to t ic  ac t iv i ty  in the kidney of unadapted animals ,  when undergoing compensa to ry  h y p e r -  
t rophy under  high alt i tude condit ions,  began to i n c r e a s e  a f te r  the second day, r eached  a m a x i m u m  on the 
fifth day, and then r e m a i n e d  high for  2 months.  The m a x i m u m  i n c r e a s e  in mi to t ic  ac t iv i ty  was 2.5 t i m e s  
s m a l l e r  than in the va l ley .  

In e x p e r i m e n t s  on ra t s  r e l a t i ve ly  adapted to high alt i tude condit ions,  MI in the kidneys of in tact  ani-  
ma l s  was l a rge ly  back to i ts  n o r m a l  va l ley  leve l ,  although MI in the c o r t e x  r e m a i n e d  l ower  by a s t a t i s t i -  
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ca l ly  s ign i f ican t  d e g r e e  throughout  the f i r s t  week. C o m p a r e d  with the unadapted  an ima l s ,  MI was s ign i f i -  
can t ly  I n c r e a s e d  unt i l  the  30th day of  the  e x p e r i m e n t  in both the c o r t e x  and the medul la .  In the k idney of  
r e l a t i v e l y  adapted r a t s  undergo ing  c o m p e n s a t o r y  h y p e r t r o p h y  1 day a f t e r  the ope ra t ion ,  MI was s ign i f i -  
cant ly  h ighe r  than in the in tac t  kidney:  in the c o r t e x  i t  was  r a i s e d  to 0.99 ~:0.15 ~00comparedwith0.60 
0.01°/00 and in the medu l l a  to 0.59 • 0.020/o0 c o m p a r e d  with 0.42 ~- 0.01°/00; fo r  the c o r t e x  P < 0.05 and for  the 
medu l l a  P < 0.001. 

Two days  a f t e r  the ope ra t i on  MI was s t i l l  g r e a t l y  i n c r e a s e d ,  be ing  1.35 • 0.040/00 fo r  the c o r t e x  and 
0.79 ~- 0.03°/00 fo r  the medu l l a  in the e x p e r i m e n t a l  s e r i e s  c o m p a r e d  with 0.64 ~= 0.01°/00 and 0.45 ± 0.0~°/00 in 
the con t ro l .  MI r eached  i ts  m a x i m u m  a f t e r  5 days ,  namely  1.94 ~= 0,1 and 1.03 ~= 0.02O/o o c o m p a r e d  with 
0,63 • 0.03 and 0.43 ~- 0.01°/00 in the con t ro l  (P < 0.001 in both ca ses ) ,  i . e . ,  in the r a t s  r e l a t i v e l y  adapted to 
high a l t i t udes  the p r o c e s s  fol lowed in the s a m e  c o u r s e  as  in the unadapted a n i m a l s  but the mi to t i c  ac t iv i ty  
was h igher .  Af t e r  5 days  MI was 1.4 t i m e s  h igher  in both the c o r t e x  and the medu l l a .  The d i f f e r e n c e s  were  
s t i l l  s t a t i s t i c a l l y  s ign i f ican t  (P < 0.02). Subsequent ly ,  on the 10th, 15th, 30th, and 60th days ,  the changes in 
mi to t ic  ac t iv i ty  of the adapted  r a t s  r e s e m b l e d  those  in the k idney of the unadapted  an ima l s .  

C o m p a r i s o n  with r e s u l t s  obta ined in the va l l ey  showed that  mi to t ic  ac t iv i ty  at high a l t i tudes  in the 
kidney of r e l a t i v e l y  adapted r a t s  undergoing  c o m p e n s a t o r y  hype r t rophy  was s ign i f i can t ly  r educed  or, ly  dur ing  
the f i r s t  2 days:  MI in the mounta ins  1 day a f t e r  a r r i v a l  was 0.99 ~- 0.15°/00 for  the c o r t e x  and 0.59 • 0.02%o 
for  the medu l l a  c o m p a r e d  with 1.44 ~- 0.02 and 0.66 ± 0.03°/00 in the va l ley ,  (P < 0.001 fo r  the c o r t e x  and 
P < 0.05 for  the medul la) ,  while 2 days  a f te r  a r r i v a l  MI for  the c o r t e x  was 1.35 ~- 0.04°/00 and 0.79 ~- 0.030/00 
fo r  the medu l l a  c o m p a r e d  with 3.38 =e 0.19 and 1.89 ± 0.040/00, r e s p e c t i v e l y  (P < 0.001). 

The d i f f e r ences  found at l a t e r  s t a g e s  of the inves t iga t ion  were  no l onge r  s t a t i s t i c a l l y  s igni f icant .  

Consequent ly ,  if  an imMs a re  kept  for  1 month at high a l t i tudes  th is  has  a s ign i f ican t  ef fec t  on the 
mi to t ic  ac t iv i ty  of t h e i r  kidney undergoing  c o m p e n s a t o r y  hype r t rophy ;  f rom the fifth day a f te r  the ope ra t ion ,  
t h e i r  va lues  of MI app rox ima te  to those  in the va l ley .  However ,  the m a x i m u m  i n c r e a s e  in mi to t i c  ac t iv i ty  
is  r educed  by a lmos t  half,  and it is  o b s e r v e d  not on the second day,  but on the fifth day jus t  as in r a t s  not 
adapted  to high a l t i tudes .  
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