
r e s e m b l e s  changes  in the hemodynamics  following infusion of synthetic  angio tens in- I I  into intact  adult dogs [1]. 
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D E P E N D E N C E  O F  P H O S P H O L I P I D  M E T A B O L I S M  

IN V A R I O U S  P A R T S  O F  T H E  R A T  B R A I N  

ON T H E  D E G R E E  O F  L O C A L  C I R C U L A T O R Y  D I S T U R B A N C E  

( A F T E R  L I G A T I O N  O F  T H E  C A R O T I D  A R T E R I E S )  

S. V. G a s t e v a  a n d  Oo N.  Z a m u r u e v  UDC616.831-005-07:616.831-008.939.53-074 

Af te r  b i l a te ra l  l igat ion of the common caro t id  a r t e r i e s  in r a t s  the blood supply and phosphol ip-  
id m e t a b o l i s m  were  reduced cons ide rab ly  in the c e r e b r a l  h e m i s p h e r e s ,  to a l e s s e r  deg ree  in 
the diencephalon and mesencepha lon ,  but unchanged in the medul la  and ce rebe l lum.  The d e -  
pendence of the deg ree  of dep res s ion  of phospholipid m e t a b o l i s m  on the d e g r e e  of d i s tu rbance  
of the blood supply d i f fered  in the va r ious  p a r t s  of  the bra in .  Res tora t ion  of the blood supply 
was not obse rved  5 h a f t e r  l igation of the common caro t id  a r t e r i e s .  
KEY WORDS." c e r e b r a l  i schemia ;  phospholipid m e t a b o l i s m .  

Of all  the c a r d i o v a s c u l a r  d i s e a s e s  the c e r e b r o v a s c u l a r  a r e  among the c o m m o n e s t  f o rms  : Spasms of the 
c e r e b r a l  v e s s e l s ,  and t h r o m b o s i s  and embol i sm of the bra in  a r e  pa r t i cu l a r l y  ser ious~ These  d i s ea se s  a r e  a s -  
socia ted with var ious  deg ree s  of  c e r e b r a l  i s chemia ,  as  a rule  local;  in tu rn ,  this leads  to anoxia of  the i schemic  
region of bra in  t i ssue .  Elucidation of the m e c h a n i s m  of action of the i schemic  fo rm of c e r e b r a l  anoxia on bra in  
m e t a b o l i s m  is an essen t ia l  step to the ful ler  understanding of the pathogenesis  of t he se  d i s ea se s  and, c o n s e -  
quently,  for the i r  t imely  prevent ion  and the i r  ra t iona l ,  pa thogenet ica l ly  or iented t r ea tmen t .  

Different  pa r t s  of  the CNS a r e  known to respond di f ferent ly  to anoxia and the durat ion 6f surv iva l  of n e r v e  
ce l l s  located at  d i f ferent  l eve l s  of  the CNS in an oxygen- f r ee  envi ronment  a lso  d i f fe rs  [2, 4]. This d i f fe rence  
is man i fes ted  in the genera l  form as  lowered r e s i s t a n c e  to anoxia of the phylogenet ical ly  younger  nervous  f o r -  
ma t ions  and the c o m p a r a t i v e  r e s i s t a n c e  of the o lder  por t ions  of  the CNS, and it is a s soc ia t ed  with definite func-  
t ional ,  me tabo l i c ,  and morpholog ica l  d i f fe rences  between di f ferent  l eve l s  of the CNS. 
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TABLE 1. Uptake of Dye (in m g / g  wet weight of tissue) and RSB of Phospholipids in 
Par t s  of the l~at Brain at  Different Times af ter  Ligation of Common Carotid Ar te r i e s  

Part of brain 

Cerebral cortex 

Diencephalon 

Mesencephalon 

Cerebellum 

Medulla 

Spinal cord 

~9 

n 

n 

_J 
n 

n 

n 

_J 
n 

Control 

amount 
o f  d y e  RSR 

90 min after ligation 300 min after ligation 

. u . o ~  
RSR 

= = a m o u n t  = = 

13 
1,16 
oto8 
0,98 o,~o 
0,95 
of 6 
1,09 
of 8 
0,82 
of 3 
0,32 
0,03 

13 
0,35 
0f2 
0,45 
0,03 

0,41 o~o33 
0,36 
of 3 
0,45  

of 3 
0,24 
0,02 

amount 
of dye 

28,6 

55,5 

78,0 

127,7 

106,6 

108,3 

13 
0,68* 
of 4 
0,87* 
of 7 
0,75* 
ors 
1,00 
of 4 
0,80 
oio5 
0,28 
0,03 

58,6 

88,7 

78,9 

91,7 

97,6 

87,5 

8 
0,08* 22,8 
0,01 

0,26* 57,7 
0,04 

0,29* 70,7 o{o3 
0,36 I00,0 
of 4 
0,42 93,3 
of 4 
0,28 116,6 
0,03 

RSR 

I 
0,45: 
O, 15 

o,71: 
O, lO 

o,7i 
0,09( 

1,o0 
o, 11o ] 

0,69 
0'0~5 
0,28 
0,03 

13 
0,10" 

0,25* 
of 2 
0,32* 
oto2 
0,46 oio3 
0,48 
of 3 
0,26 
0,02 

Legend. *) Significance of dif ferences  from control;  T ) significance of  d i f ferences  
between different t imes.  

38,8 

72,4 

81,0 

91,7 

84, I 

87,5 

However,  work in the w r i t e r s '  l abora to ry  has shown that in general  anoxia there  a re  m o r e  s imi la r i t ies  
than differences in the changes in phospholipid metabol i sm indifferent  par t s  of the CNS [3 ] ,  despite an e s sen -  
tial difference in the degree  of  d is turbance of the functions of these var ious  par ts .  This s imi la r i ty  can be ex-  
plained on the grounds that the leading factor in the depress ion  of phospholipid metabol ism is hypothermia ,  
accompanying the acute anoxia and affecting all par ts  of the brain equally. The wr i t e r s  have postulated that 
in one o r  other  type of ce rebra l  ischemia the pic ture  may  differ  from that found in general  anoxia, for even a f -  
te r  bi lateral  ligation of the common carot id  a r t e r i e s  in animals  the blood supply to different par ts  of the brain 
is disturbed differently [1], and this could account  for the differences in the degree  of d is turbance of metabolic 
p r o c e s s e s  in these par ts  of  the brain. 

The objects of the present  investigation were as follows, to compare  the degree  of dis turbance of the 
blood supply in different par t s  of the brain in ra ts  at var ious  t imes af ter  one-s tage  ligation of both c o m m o n  
carot id  a r t e r i e s ;  to compare  the degree  of depress ion  of phospholipid metabol ism in different  par ts  of the 

brain under these conditions. 

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

The intensity of phospholipid metabol ism of nerve  t issue was determined by the rate  of incorporat ion 
of radioact ive phosphate. Adult m a l e W i s t a r  ra t s  were  given an int raper i toneal  injection of radioact ive Na2H~ 21:~) 4 
in a dose of 5 p C i / g ,  30 o r  240 rain af ter  ligation of the common carot id a r t e r i e s .  The thorax was opened 5 
rain before decapitation, the descending par t  of the arch  of the aorta  was compressed ,  and 3 rain la te r ,  1 ml of 
a 1% solution of neutral  red was injected from a syringe into the left ventr ic le  in the course  of 15 sec~ The 
animals were  decapitated 60 rain af ter  injection of the isotope and the brain and spinal cord  were removed,  
careful ly  freed from blood vesse ls  and meninges ,  and washed with physiological saline to remove blood, af ter  
which they were  divided into appropr ia te  par ts .  The ischemic brain was compared with the thoracic  and lum-  
bar  port ions of the spinal cord.  Each par t  of  the CNS was divided into two samples  of equal weight: one for 
determinat ion of the content and specific radioact ivi ty  (SR) of inorganic phosphate (IP), the other  for d e t e r m i -  
nation of the content of neutral  red in the brain substance,  as an index of the intensity of the blood supply to 
that  pa r t  of the brain. Phospholipids were  extracted at room tempera tu re  by a mixture  of chloroform and 
methanol (2:1) by Folch 's  method and the resul t ing ext rac t  was washed with 0.29 M NaC1 to remove  IP and 
other  nonlipid, water -so luble  phosphorus compounds. The phospholipid content (in mg phospho rus /g  wet weight 
of tissue) and the relat ive SR (RSR), taken as a m e a s u r e  of the intensity of phospholipid metabol i sm and c a l -  
culated as the rat io between ~ of phospholipid phosphorus and SR of phosphorus of the t i ssue  IP,  were de t e r -  
mined in each par t  of the brain. The neutral  red was extracted from the weighed sample  of brain t issue 3 t imes  
at room tempera tu re  with acidified 70 ~ ethanol, in volumes of 5, 3, and 2 ml  success ive ly .  After each ext rac-  
tion the samples  were  immediately  centrifuged. The pooled supernatants  were  t rea ted  with 1.5 ml  of cold a c e -  
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tone to c l ea r  the opa l e scence  and again centr i fuged.  The superna tan t  was poured into graduated tubes and 
evapora ted  in a wa t e r  bath at  40~ After  cooling,  the s a m p l e s  were  examined with the FI~K-M photomete r  
with a blue f i l ter .  The content of  neut ra l  red was e x p r e s s e d  in pg/g wet weight of t i s sue .  

E X P E 1 R I M E N T A L  B E S U L T S  A N D  D I S C U S S I O N  

The g r e a t e s t  deg ree  of reduct ion of the blood supply a f t e r  l igat ion of the common carot id  a r t e r i e s  was 
obse rved  in the c e r e b r a l  h e m i s p h e r e s  (Table 1). The d e c r e a s e  was l e s s  ma rked  in the diencephalon and m e s -  
eneephalon,  but was a lso  s t a t i s t i ca l ly  s ignif icant  compa red  with the control .  In the ce rebe l lum and medul la  
no changes  were  found in the content  of  dye a f t e r  l igat ion of  the common caro t id  a r t e r i e s~  Ligation of the c o m -  
mon  caro t id  a r t e r i e s  is known to act  on the ref lexogenic  zones of  the carot id  s inus ,  caus ing a m a r k e d  r i s e  of 
blood p r e s s u r e ,  and this in turn i n c r e a s e s  the blood flow throughout the a r t e r i a l  sy s t em of  the brain .  In the 
ce r ebe l l um and medul la  the i n c r e a s e  in the blood flow along the v e r t e b r a l  a r t e r i e s ,  the main  sou rces  of  blood 
supply to these  p a r t s ,  evident ly  c o m p e n s a t e s  for  the def ic iency of  the blood supply due to exclusion of the c a r o -  
tid a r t e r i e s .  No changes  l ikewise  w e r e  found in the blood supply to the spinal cord.  

A s i m i l a r  p ic tu re  was obse rved  as r e g a r d s  the in tensi ty  of  total  phospholipid m e t a b o l i s m .  As Table 1 
shows,  the ra te  of  incorpora t ion  of 32p into phospholipids was reduced m o s t  of all  in the c e r e b r a l  h e m i s p h e r e s ,  
and it was reduced l e s s  in the diencephalon and mesencepha lon ,  about equally in both. Meanwhile,  no changes 
were  found in BSR of  phospholipids  in the ce rebe l lum and medul la  and,  na tura l ly ,  in the spinal  cord.  In the 
c e r e b r a l  h e m i s p h e r e s  RSR of  the phospholipids was reduced not only compared  with the cont ro l ,  but a lso  a t  
d i f ferent  t imes :  the d i f fe rence  between 30-90 rain and 240-300 rain was s t a t i s t i ca l ly  signif icant .  

It can be concluded f rom the ana lys i s  of t hese  r e su l t s  that a f t e r  l igation of the common caro t id  a r t e r i e s  
in r a t s  a m a r k e d  d e c r e a s e  in the blood supply to the c e r e b r a l  h e m i s p h e r e s  is obse rved ,  with a s m a l l e r  de -  
c r e a s e  in the diencephalon and mesencephalon~ The d e c r e a s e  in the intensi ty  of  phospholipid me tabo l i sm also 
was m o r e  m a r k e d  in the c e r e b r a l  h e m i s p h e r e s  than in the diencephalon and mesencepha lon .  In o ther  pa r t s  of 
the bra in  and spinal cord  no changes  were  found e i ther  in the blood supply or  in phospholipid me tabo l i sm .  

The absence  of s ignif icant  d i f fe rences  in the deg ree  of d i s tu rbance  of the blood supply in all  pa r t s  of the 
bra in  90 and 300 rain a f t e r  the opera t ion  is evidence that even 5 h a f t e r  l igation of the common carot id  a r t e r i e s  
the blood supply is not r e s t o r e d .  
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