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The effect  of d i f ferent  incubation t e m p e r a t u r e s  (37, 32, 27, and 22~ and different  oxygen 
concentra t ions  in the medium (21, 8, and 5%) on the r a t e  of incorpora t ion  of p32-or thophos-  
phate into phospholipids of minced r a t -b ra in  t i ssue was studied. At 37~ the re la t ive  spec i -  
fic rad ioac t iv i ty  (RSP0 of the phospholipid phosphorus was d i rec t ly  dependent on the O 2 con- 
cent ra t ion  in the medium.  When the t e m p e r a t u r e  was lowered to 27~ sensi t iv i ty  of 
phospholipid m e t a b o l i s m  to a lowered 02 concentra t ion in the med ium was reduced.  At 27~ 
the RSR of phospholipid phosl~horus was independent of the 02 concentra t ion in the medium,  
and in a t m o s p h e r e s  containing 8 and 5% O 2 the highest  phospholipid RSR was obse rved  a t  
27~ It is postulated that  a mode ra t e ly  lowered t e m p e r a t u r e  has  a pro tec t ive  effect  on the 
phospholipid me tabo l i sm  of b ra in  t i s sue  in a medium with low 02 concentra t ion.  

Invest igat ions  of the intensi ty of phospholipid m e t a b o l i s m  in the b ra in  [1, 3] have shown that  inhibition 
of the m e t a b o l i s m  of these  compounds in vivo during hypoxia is a d i rec t  consequence,  not so much of oxy- 
gen lack in the nerve  t i s sue ,  as  of the lowered body t e m p e r a t u r e  which goes with hypoxia.  To de te rmine  
the r e l a t ive  ro le  of each of the f a c t o r s  act ing on the body in a s tate  of hypoxia (oxygen lack and hypother-  
mia) it was n e c e s s a r y  to use  a ~ s i m p l e r  s y s t e m  than the b r a in  of the intact  an imal ,  which is exposed to the 
influence of complex r egu la to ry  m e c h a n i s m s .  Isolated b r a in  t i ssue makes  a suitable s imple  model  for  the 
purpose [4-8] .  

The object  of this invest igat ion was to make a s epa ra t e  study of the effects  of t e m p e r a t u r e  and the 
oxygen concent ra t ion  in the med ium on incorpora t ion  of labeled inorganic or thophosphate  into the phospho-  
l ipids of a r a t - b r a i n  mince .  

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

Exper imen t s  were  c a r r i e d  out on adult  female  Wis ta r  albino r a t s .  The an imals  were  decapi tated,  
the meninges  and la rge  blood v e s s e l s  we re  r emoved  f rom the c e r e b r a l  h e m i s p h e r e s ,  and hhe b ra in  was 
washed f ree  f r o m  blood with physiological  sa l ine .  The minced t i ssue  (about 100 rag) was placed in the 
smal l  conta iner  of a Warburg  appa ra tus  containing 2.5 ml  Krebs- -Ringer  phosphate medium with glucose a t  
pH 7.4. Radioact ive phosphate (Na2Hl~204) was added to the medium to give a speci f ic  radioac t iv i ty  (SIR) 
of the med ium of about 5 • 103 p u l s e s / m i n / p g  orthophosphate  phosphorus .  The ma te r i a l  was incubated for  
1 h in a i r  (21% 02) and in gas  mix tu re s  (8% O 2 + 92% N 2 and 5% 02 + 95% N 2) a t  t e m p e r a t u r e s  of 37, 32, 27, 
and 22~ In the expe r imen t s  to study the effect  of hypoxia on phospholipid m e t a b o l i s m  the gas mix tu res  
of appropr ia t e  composi t ion  were  blown through the smal l  conta iners  of the Warburg  appara tus  for  15 rain 
under  a p r e s s u r e  of about 100 m m  wate r .  Control  expe r imen t s  using ni t rogen showed that  s a t i s f ac to ry  
vent i la t ion is thereby  achieved,  for  under  these  conditions r e s p i r a t i o n  was absent  and incorpora t ion  of p32 
into phospholipids was negligibly smal l .  The methods of ex t rac t ing  l ip ids  f r o m  nerve t i ssue  and of r e m o v -  
ing all  t r a c e s  of inorganic phosphate f r o m  the ex t r ac t  were  desc r ibed  e a r l i e r  [2]. 
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Fig. 1. RSR of phospholipidphos- 
phorus of ra~-brain t issue as a 
function of incubation t empera -  
ture at different partial pressures 
of oxygen. Abscissa, tempera- 
ture of incubation medium; ordi- 
nate, RSR of phospholipid phos- 
phorus; values given are M • m. 
Continuous line) air (21% O2); 
dots and dashes) mixture with 8% 
02; dashes) mixture with 5% O 2. 

The content of lipid phosphorus of bra in  t issue (after min- 
eralization) and the radioactivi ty were determined in each sample 
and its SR was calculated (in pulses / ra in  per  pg phosphorus); the 
relat ive SR, i.e., the rat io between SR of the phospholipid phospho-  
rus  and SR of the inorganic phosphorus of the incubation medium 
(multiplied by 10s), also was calculated.  With each combination of 
t empera tu re  and gas mixture chosen 14-34  exper iments  were ca r -  
r ied out. The resul ts  were subjected to s ta t is t ical  analysis  by the 
Student--Fisher method. 

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

The relat ionship between the relat ive SR (RSP0 of the phos- 
pholipid phosphorus of the bra in  t issue and the incubation t empera -  
ture and composit ion of the a tmosphere  in the smal l  containers  is 
shown in Fig. 1. The cha rac te r  of the change in intensity of phos- 
pholipid metabol ism under hypoxic conditions c lear ly  depends on 
t empera tu re .  At 37~ there was a fairly sharp  decrease  (to 44% of 
the level in air) in 1 ~2 incorporat ion into phospholipids with a de- 
c rease  in the 02 concentrat ion f rom 21% (pO 2 = 159 mm Hg) to 8% 
(pO 2 = 62 ram Hg). When the O2 concentrat ion in the a tmosphere  
was lowered to 5% (pO 2 = 38 mm Hg),the phospholipid metabol ism 
remained  at the same level as in the mixture with 8% 02. 

At an incubation tempera ture  of 32~ a p rogress ive  decrease  was observed in the rate of incorpora-  
tion of 1 =$2 into the brain- t issue phospholipids with a decrease  in the 02 concentrat ion f rom 21 to 5% At 5% 
02 the RSR of the phospholipids was 45% of its value in a i r .  At 27~ there  was virtually no difference in 
the values of RSR of the brain- t issue phospholipids in all three gas mixtures  tested.  At 22~ just  as at  
32~ there  was the same c lear ,  p rogress ive  fall in the rate of incorporat ion of 1 ~ into the bra in  phospho-  
lipids with a decrease  in the 02 concentrat ion in the medium from 21 to 5%. The relat ive SR of the phospho-  
lipids at  5% O 2 was 46% of its value in a i r  at  22~ 

These resu l t s  indicate that a fall in t empera ture  of the incubation medium is accompanied by changes 
in the metabolic  response  of the phospholipids to a decrease  in the 02 concentrat ion in the medium. With a 
fall in t empera ture  f rom 37 to 27~ hypoxia affected the decrease  in sensi t ivi ty of phospholipid metabol ism 
of the isolated bra in  t issue.  It will be c lear  f rom Fig. 1 that during hypoxia there  was an appreciable shift 
of the t empera tu re  op t imum of 1 ~2 incorporat ion into the bra in  phospholipids toward lower t empera tu res :  
27~ was the t empera tu re  at  which the incorporat ion of 1 =$2 into the brain- t issue phospholipids in a medium 
with a lowered part ia l  p re s su re  of oxygen took place at  the fastest  ra te ,  which was virtually identical in an 
a tmosphere  of a i r  and af ter  a sharp  decrease  in the 02 concentrat ion.  

The resul t s  of this investigation show that, by cont ras t  with the picture observed in the intact organ- 
ism,  the phospholipid metabol ism of isolated bra in  t issue is affected by changes both in the 02 concent ra-  
tion in the a tmosphere  and in the t empera tu re  of incubation. In the intact organism,  even when exposed to 
a very marked decrease  in the 02 concentrat ion in the inspired a i r ,  despite the considerable hypoxemia the 
cells of the nervous t issue obtain the g rea tes t  possible 02 supply. Naturally,  under t issue culture condi- 
t ions, no such protect ive react ions  can take place, and a deficiency of O 2 in the incubation a tmosphere  di- 
rec t ly  affects the intensity of oxidative p rocesses  and, consequently, of var ious p rocesses  of biosynthesis  
in the bra in  t i ssue .  The essent ia l  point is that the combined effect of the simultaneous act ion of both fac- 
t o r s - - a  fall in t empera tu re  and in the 02 c o n c e n t r a t i o n - w a s  less than the effect  of a decrease  in the oxygen 
concentrat ion in the medium alone. For  instance,  lowering the 02 concentrat ion f rom 21 to 8% at a tem- 
pera ture  of 37~ lowered the RSR of the phospholipids f rom 26.6 • 1.4 to 11.8 • 0.6. The relat ive SR of the 
phospholipids in medium containing 8% 02 at 32~ was 13.6 • 0.6. Consequently, a moderate ly  reduced tem- 
perature  dec reases  the degree of depress ion  of phospholipid metabol ism induced by a low 02 concentrat ion 
in the medium. 

Despite the difference in cha rac te r  of the response of phospholipid metabol ism to a decrease  in the 
part ia l  02 p re s su re  in the surrounding medium at different t empera tures  in the isolated bra in  t issue and in 
the brain of the intact animal, there is nevertheless a certain similarity as regards the protective effect of 
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hypo the rmia  on phospholipid m e t a b o l i s m  in the b ra in  t i ssue  under hypoxic conditions.  However ,  this effect  
is mani fes ted  only within a ce r ta in  range  of hypothermic  s ta tes .  
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