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The aim of this investigation was to analyze ways of real izat ion of the adaptive r e s e r v e  capacity by 
phylogenetically different brain s t ruc tures  in animals differing in their  initial res i s tance  to hypoxia and to look 
for  corre la t ion  between res is tance  to hypoxia and the dynamics of the a c i d - b a s e  balance. 

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

Exper iments  were car r ied  out on 50 mature  male ra t s  weighing 180-200 g. Depending on their individual 
res i s tance  to hypoxia the animals were divided into ra t s  with low (LRR) and high (HRR) res is tance  [2]. The 
animals  of each group were then divided into control and experimental ,  and exposed for 8 h daily in a p re s su re  
chamber  at an "altitude" of 5000 m for  i month. 

Concentrat ions of cytoplasmic RNA (by EinarsonTs method} and total protein [3] were determined in the 
ce rebra l  cortex and re t icu lar  format ion (RF). These p a r a m e t e r s  were determined quantitatively on a scanning 
mie rospec t rophotomete r  [1] and also by morphomet ry  and karyometry .  

The animals were decapitated and the brain fixed in Carnoy ' s  fluid and embedded in paraffin wax. The 
a c i d - b a s e  balance of blood taken f rom the jugular vein was studied on an OP-210 /2  microana lyzer .  

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

Analysis  of the resu l t s  of the his tochemical  study of prote in  metabol ism in HRR showed that i ts  intensity 
is higher  in RF than in the cor tex {Table 1). Long- te rm adaptation was accompanied by an increase  in the RNA 
and prote in  concentration both in the cortex and in RF, evidence of activation of protein metabol ism.  The high 
intensity of this p roces s  in RF is probably attributable to the fact  that adaptation in these animals is maintained 
by high protein metabol ism at the medul lary  level. The stability of the dimensions of the cytoplasm of cort ical  
neurons is explained by their  need to maintain a sufficiently high RNA and protein concentration, in order  to 
sustain a high level of metabol ism. In RF, against  the background of a reduced a rea  of cytoplasm, the total con-  
tent of RNA and protein was reduced. These findings suggest  that  adaptation to hypoxia in HRR is effected mainly 
by subcort ical  s t ruc tures .  The RNA/pro te in  ra t io  in the tes t  s t ruc tures  in HRR was unchanged after  training 
in the p r e s s u r e  chamber ,  evidently as a resu l t  of the stability of protein metabol i sm in the brain t issue.  This 
perhaps also determines  the high level of their  adaptation to hypoxia. 

The RNA content in RF was found to be higher than in the cortex in LRR (Table 1). Long- te rm p re s su re  
chamber  training was accompanied by a fall in the RNA level in the cortex and a r i se  in the total protein level. 
Changes in protein metabolism in RF were less  marked and were charac te r ized  by a synchronous fall of the 
RNA and protein levels in response  to long- te rm exposure to hypoxia. Analysis  of changes in prote in  metabolism 
showed that the RNA/pro te in  ra t io  decreased  af ter  adaptation to hypoxia in the s t ruc tures  studied: not signifi- 
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TABLE 1. P a r a m e t e r s  of M o r p h o m e t r y  and K a r y o m e t r y ,  RNA and P r o t e i n  C o n c e n t r a t i o n s  in  
Cy top lasm of Neu rons  of P h y i o g e n e t i c a l l y  Di f f e ren t  P a r t s  of the B r a i n  in  A n i m a l s  Di f fe r ing  

in  Ind iv idua l  R e s i s t a n c e  to Hypoxia,  be fore  and a f te r  P r e s s u r e  C h a m b e r  T r a i n i n g  

Brain structure 

Cerebral cortex 

RP 

Parameter studied 

RNA per ]2 2 
Protem per g2 
RIGA/protein 
Area of cells 
Area of cytoplasm, ~2 

Cytoplasmic RIgA 

Cytoplasmic protein 

P~A per #2 
Protem per ~a 
RNA / protein 
Area of ceils 
Area of cytoplasm, ~2 
Cytoplasmic RNA 

Cytoplasmic protein 
E 

LRR 

control 

0,0129• 
0,0254• 0,0003 
0,509• 0,02 
210,6• 1,6 
107,5• I, 1 

1,388 

2,727 

0,0180• 
0,0461• 
0,3924-0,01 
367,0• 12,4 
238, l•  10,7 

4,29l 

10,980 

experiment 

0,0121• 
0,0309• 
0,402--+0,05 
159,0• 4,0 
70,7• 

0,860 

2,292 

0,0149• 
0,0426• 

0,327• 
366,7• 
239,8• 

3,421 

10,220 

control 

0,0119• 
0,0259• 
0,385• 0,007 
228,5• 1,2 
107,2• 1,3 

1,200 

2,800 

0,0216• 
0,0368• 0,0003 
0,588• 
454,1• 
294,1~7,5 

6,3 

10,8 

HRR 

experiment 

0,0143• 
0,0300• 
0,476__+ 0,02 
211,0_• 
107,1• 

1,529 

3,213 

0,0281• 
0,0481• 
0,585• 
368,6• 
207,7• 

5,875 

9,999 

TABLE 2. P a r a m e t e r s  of A c i d - B a s e  Ba lance  
of Venous  Blood f r o m  Rats  Di f fe r ing  in  I nd i -  
v idual  R e s i s t a n c e  to Hypoxia  (M m m) 

6 ~ LRR HRR 

~ ~ control experiment 

pH 
pOe 
pC% 
BB 
BE 
AB 

7,354• 7,306+0,02 
42,29~4,80 I 47,177:3,93 
39,63• 1144 ] 41,58+ 1,70 
45,09• 1,58 1 41,75~0,77 

- -2 ,90•  0,63 ] - -5 ,59~ 0,98 
21,96• / 20,32~0,58 

contml experiment 

7,285_+0,02 7,315• 
41,50• 40,50• 
51,00• 42,20--+1,35 
42,25~1,76 45,38::k 1,31 

--3,13• 1,82 --5,10• 
23,88• 20,63_+0,59 

TABLE 3. C o r r e l a t i o n  be tween  P a r a m e t e r s  
of P r o t e i n  M e t a b o l i s m  of B r a i n  a n d A c i d - B a s e  
Ba lance  of Venous  Blood in  A n i m a l s  D i f f e r -  
ing in  R e s i s t a n c e  to Al t i tude  

g~ 
s 

Mean value of parameters of brain pro- 
tein metabolism (cortex, cerebellum, 
reticular formation) 

RNA protein RNA / protein 

LRR 

HRR 

LRR+ 
+HRR 

pH 
pO~ 
BB 
AB 
BB --AB 

pH 
pO~ 
BB 
AB 
BB--AB 

pH 
pO~ 
BB 
AB 
BB --AB 

+0, 14 
--0,95 
+0,07 
-}-0,85 
+o,95 
--0,27 
--0,39 
+0,27 
+0,68 
--0,99 

1+0,71 
-}-0,37 
-}-0,42 
+0,13 
+0,48 

+0,20]+0,241--0,78 --0,I1 +0,03 
+0,69 +0,051--0,11 --0,65 -}-0,02 
-}-0,72 - -0 ,03- -0 ,50  +0,65 +0,69 
--0,93 -}-0,33'--0, 4 +0,34 --0,89 
+0,931--0,42 - -0,19l+0,901+0,88 

- -0 ,141+0,60- -0 ,24 --0,431--0,91 
+0,991+0,97 
--0, 10!--0,99 
--0,60 --0,83 
+0,13 +0 ,16  
+0 ,34 I+0 ,67  
--0, 101+0,64 
+0,741+0,08 
+0,27 i - -0 ,  12 
+0,471+0,33 

--0,80]--0,97 +0 ,98  
- -0 ,49 i+0,93 -}-0,05 
+0.48 +0.99 --0,52 
-- 0,62[ ~,-~1 -}-}-0,23 
--0,391+0,02 +0,34 
--0,021--0,50 --0,05 
--0,731+0,63 +0,72 

0,421.}.0,43 +0,32 
--0,38[+0,32 +0,43 

e a a t l y i a  R F b u t  s i g n i f i e a n t l y i n t h e  co r t ex  (Table  1). It can  be t e n t a t i v e l y  sugges ted  that  t h i s  p a r a m e t e r  is  c l o s e l y  

l inked with the r e s i s t a n c e  and the p l a s t i c i t y  of the s t r u c t u r e s  du r ing  exposu re  of the a n i m a l  to e x t r e m a l  f ac to r s .  
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The results of morphometry and karyometry showed that in both LRR and HRR the area of the neurons de- 
creased  af ter  training in the s t ruc tu res  tested. However,  whereas  in the cortex these changes were accompanied 
by a significant decrease  in a rea  of the cytoplasm, and by a fall inthe level of cytoplasmic KNA (by 1.6 times) 
and protein (by 1.2 times) compared with the control,  some increase  in the a rea  of the cytoplasm was observed 
in RF, thus maintaining a sufficiently high level of protein metabol ism in this s t ructure  as a whole. 

It can be concluded f rom compar ison  and analysis  of the resu l t s  that  animals differing in their  individual 
res i s tance  to hs~poxia have a s t r ic t ly  individual level of protein metabol ism in their  brain t issue and that they 
real ize their  r e se rve  capacity differently during adaptation to hypoxia. 

Analysis  of the resul ts  for the a c i d - b a s e  balance of the blood showed that its pa r ame te r s  differed in LRR 
and HRR. The blood in HRR was more  saturated with carbon dioxide and had a lower pH, whereas t h e  oxygen 
and buffer base levels were virtually identical (Table 2). Significant corre la t ion  was found between pH, pC 2, 
the prote in  component of the buffer bases (BB-AB),  and the altitude res is tance  of the control animals (r = - 0 . 5 3 ,  
r = -  0.77, and r = - 0.60 respect ively) .  

P r e s s u r e  chamber  training led to elevation of pH (on account of lowering of pCO 2 in HRR and to a fall of 
pH in LRR, which was accompanied by a fall in the buffer base level (Table 2). The concentrat ion of buffer bases  
fell in LRR after  training but in HRR it was unchanged. This is explained by reduction of the protein component 
in LRR, but by an increase  in the protein and a decrease  in the bicarbonate component in HRR. If these data are 
compared with the coefficients of cor re la t ion  between the blood buffer bases and pa rame te r s  of brain prote in  
metabol ism (Table 3) definite corre la t ion  can be observed between the significant increase  in the mean RNA 
level and the relat ive r i se  of the protein component of the buffer bases in KRR after  training. This is also 
shown by reve r sa l  of the sign of cor re la t ion  between the p a r a m e t e r s  examined. No marked change in c o r r e l a -  
tion between the pa rame te r s  studied could be found in LRR. 

It can be concluded f rom the experimental  resu l t s  that there is a definite connection between the level of 
protein metabol ism in brain t issue,  the a c i d - b a s e b a l a n c e o f  blood flowing f rom the brain, and the functional 
state of the animal as a whole, charac te r ized  by individual r es i s t ance  to hypoxia. 
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