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Incorpora t ion  of leucine- t4c  and methionine-35S into t i s sue  homogenates  and p ro te in  i so la ted  
f r o m  va r ious  p a r t s  of the b r a in  of r a t s  exposed to acute hypoxia in the antenatal  per iod  was 
invest igated.  Bes ides  ac t ive  incorpora t ion  of amino acids into pro te ins  in o ther  p a r t s  of the 
b ra in ,  inhibition of p ro te in  synthes is  also was obse rved  in ce r ta in  s t r u c t u r e s  in the e x p e r i -  
menta l  animals ,  e spec ia l ly  in the h ippocampus .  Changes in the uptake of labeled amino acids 
by t h e  t i s sue  homogenates  did not co r r e spond  to the level  of the i r  incorpora t ion  into pro te in  
in the individual b ra in  s t ruc tu res .  The exper imen ta l  r e su l t s  points to a d is turbance  of the 
in tensi ty  of p ro te in  me tabo l i sm and of the function of the b l o o d - b r a i n  b a r r i e r  in late onto-  
geny in r a t s  exposed to in t rau te r ine  hypoxia. 
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Fe ta l  hypoxia is  one fac to r  respons ib le  for  the development  of bra in  pathology in postnata l  ontogeny 
[1, 6, 8, 15]. T h e r e  is  evidence of d i s tu rbances  of p ro te in  me tabo l i sm in vivo under  the influence of antenatal  
hypoxia. Changes in the blood leve ls  of f r e e  amino acids have been obse rved  in infants exposed to hypoxia 
[10]. In an imal  expe r imen t s  fe ta l  hypoxia caused changes in the leve ls  of f r ee  amino acids in bra in  t i s sue  and 
a d i s turbance  of the m e t a b o l i s m  of ce r t a in  amino acids; definite changes were  found in the content of DNA, 
RNA, and p ro te in  in the b ra in  [12, 13]. However ,  asphyxia  of r a t  embryos  was not accompanied  by changes in 
the pe rmeab i l i t y  of the b r a i n  cap i l l a r i e s  fo r  the dye Trypan  Blue [7]. In the mechan i sm of the ha rmfu l  action 
of hypoxia on the fe tus  an essen t i a l  s tep may  be inhibition of nucleic acid and pro te in  synthesis ,  with conse -  
quent s t ruc tu ra l  d i s tu rbances  of the embryo  [4]. 

Considering the impor tan t  ro le  of the b l o o d - b r a i n  b a r r i e r  (BBB) and of pro te in  synthesis  in the b ra in  
for  the functions of the CNS, incorpora t ion  of labeled amino acids into pro te ins  and into t i s sue  homogenates  
of va r ious  p a r t s  of the b ra in  was invest igated in animals  exposed to hypoxia in the antenatal  per iod.  

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

Rats  w e r e  kept  in a p r e s s u r e  c h a m b e r  on the 14th-16th day of pregnancy and exposed to a reduced p r e s -  
sure  cor responding  to an altitude of 8000-9000 m (220-250 m m  Hg) fo r  2 h. The progeny of these  an imals  
were  kept under  observa t ion  fo r  2-3 months.  Dis turbances  of growth and development ,  abnormal i t i es  of b e -  
havior ,  and d is turbances  of condi t ioned-ref lex  act ivi ty were  obse rved  in some of the young r a t s .  The e x p e r i -  
menta l  and cont ro l  r a t s  at the age of 3 months were  given an in t raper i tonea l  injection of a solution of leucine-  
i4c or  methionine-SSS with a total  act ivi ty  of 15 and 50 #Ci respec t ive ly .  The animals  we re  decapi ta ted  1 h 
l a t e r  and p ieces  of t i s sue  f r o m  dif ferent  p a r t s  of the b ra in  were  i so la ted  on ice. Some of the t i s sue  (10-15 rag) 
was subjected to alkaline hydro lys i s  with heating. Pa ra l l e l  weighed samples  of t i s sue  were  homogenized in 
10% TCA, then washed with 5% TCA, and t rea ted  with ethanol and e ther  to ex t r ac t  lipids. The resul t ing dried 

�9 pro te in  was hydrolyzed in 1 M KO Ho The rad ioac t iv i ty  of the alkal ine digests  of t i s sue  and prote in  was de te rmined  
by means  of the Soviet SBS-1 liquid scint i l lat ion counter  in dioxan sc in t i l la tor  [11]. The pro te in  content in the 
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Fig. 1. Incorporation of methionine-SSS into proteins (A) of various rat  brain s truc-  
tures and transport  of methionine through BBB into brain tissue (B). Unshaded col- 
umns represent  control, shaded columns experiment. 1) Sensomotor cortex; 2) hip- 
pocampus; 3) basal ganglia; 4) cerebellum; 5) corpora quadrigemina; 6) hypothala- 
mus; 7) medulla; 8) spinal cord. Experiments for  which P < 0.05 are indicated by 
an asterisk. 
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Fig. 2. Incorporation of leucine-14C into ra t  brain proteins (A) and transport  of leu- 
cine through BBB into brain tissue (]3). 1) Visual cortex; 25 sensomotor cortex; 35 
temporal cortex; 4) olfactory lobes; 5) hippocampus; 6) basal ganglia; 75 cerebellum; 
85 corpora  quadrigemina; 95 thalamus; 105 hypothalamus; 11) medulla; 125 spinal 
cord. Remainder of legend as in Fig. 1. 

alkaline digests was determined by Lowry's method. The intensity of incorporation of labeled amino acids 
into brain proteins was expressed as specific activity (in counts/100 see/10 mg protein) and relative specific 
activity (RSA, the ratio between the radioacttvities of the protein and TCA extract). To character ize the state 
of the BBB the radioactivity of the brain tissue was expressed as a ratio of the activity of the blood and also 
of the injected radioactivity per  unit body weight. Statistical analysis of the results was carr ied  out with the 
aid of the nonparametric Wilcoxon-Mann-Whitney cri terion.  Altogether, 40 noninbred rats were used in the 
experiments. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Changes in protein synthesis were observed in the animals exposed to hypoxia in the antenatal period 
and they differed in different parts  of the brain. In the animals in the experiments with methionine-SSS incor-  
poration of the amino acid into proteins was reduced compared with the control in the sensomotor cortex and 
hippocampus and also, but to a l e sse r  degree, in the basal ganglia and corpora  quadrigemina. Meanwhile r e -  
newal of proteins was increased in the hypothalamus, cerebellum, medulla, and spinal cord (Fig. 1A). In con- 
current  investigations of the penetration of labeled methionine into tissue homogenatos from various parts of 
the brain it was found that the changes in radioactivity in the brain tissue of the experimental animals did not 
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cor respond  to changes in the incorpora t ion  of label into prote ins .  A dec rease  in radioact ivi ty  was found in the 
t i s sues  of the hypothalamus,  medulla,  and spinal cord,  i .e . ,  in s t ruc tu res  in which prote in  renewal  was inten-  
sified. Increased  radioact ivi ty  was observed in the hippocampus and basal  ganglia, cha rac t e r i zed  by dep re s -  
sion of pro te in  synthesis  (Fig. 1B). 

In the exper iments  with leuc ineJaC a significant d ec r ea se  was found in the renewal  of hippocampal p r o -  
teins and there  was a tendency for  prote in  renewal  to be diminished in the tempora l  cor tex,  thalamus~ hypo-  
thalamus,  and medulla.  At the same t ime,  in severa l  s t ruc tu res  (visual and sensomotor  cor tex ,  spinal cord) 
significant activation was observed,  whereas  in the basal  ganglia, cerebel lum,  and c o r p o r a  quadrigemina there  
was a tendency toward activation of prote in  synthesis  (Fig. 2A). Investigation of the penetra t ion of labeled 
leucine into the t i s sues  of var ious  pa r t s  of the bra in  showed a tendency toward an inc rease  in the accumula-  
tion of label in the hippocampus and to a d e c r e a s e  in i ts accumulation in most  bra in  s t ruc tures  in which ac-  
t ivat ion of pro te in  synthesis  was observed.  Jus t  as in the exper iments  with methionine-35S, no cor re la t ion  was 
thus found between the changes in prote in  synthesis  and the accumulation of labeled amino acids in the bra in  
s t ruc tu res .  

The resu l t s  of these  investigations indicate significant changes in prote in  renewal  in the var ious  bra in  
s t ruc tu re s  and in the t r anspor t  of labeled amino acids through the BBB into t i ssue  homogenates  in animals 
exposed to acute hypoxia in the antenatal  period.  The fact will be noted that the incorporat ion of labeled leu-  
cine and methionine into hippocampal pro te ins  and also into individual cor t ica l  s t ruc tu res  was significantly r e -  
duced in the exper imenta l  animals,  whereas  prote in  synthesis  in ce r ta in  o ther  par t s  of the bra in  was activated. 
The hippocampus is known to play a special  role  in the mechanisms of m e m o r y  [2, 3, 14]. Special invest iga-  
tions in the wr i t e r s  T labora tory  [5] have shown dis turbances of fixation of t em p o ra ry  connections and of the i r  
convers ion  into long- te rm m e m o r y  in r a t s  exposed to acute hypoxia in the antenatal period.  

Definite cor re la t ions  were  thus found in the exper imenta l  animals between the dis turbance of fixation 
of t e m p o r a r y  connections and the depress ion  of prote in  synthesis  in ce r ta in  bra in  s t ruc tu res  and, in pa r t i cu -  
lar ,  in the hippocampus. 

Sklbstantial changes in function of the BBB are  found in animals exposed to acute hypoxia in the antenatal 
period.  Disturbances of the accumulation of labeled amino acids in the t i ssues  of different  pa r t s  of the b ra in  
as a rule  did not co r r e spond  to the changes in thei r  incorporat ion into prote ins  of those same s t ruc tures .  Ac-  
cording to modern  views on the BBB, the main fac tor  determining its function is the in tens i ty  of t i ssue metab-  
o l ism in the CNS [9]. The resu l t s  of the p resen t  investigations show that a cha rac te r i s t i c  fea ture  of the ex-  
per imenta l  animals  was that the function of the BBB did not cor respond  tO the level  of prote in  metabol ism in 
the var ious  par t s  of the CNS. Possibly  in consequence of this,  the requ i rements  of amino acids n ece s s a ry  for  
brain function was not sat isf ied in ce r t a in  s t ruc tures .  
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