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Quanti tat ive invest igat ion of the local  c e r e b r a l  blood flow by the hydrogen c l ea rance  method 
and of the blood flow into the b r a in  by means  of an e l ec t romagne t i c  f lowmeter  showed that  
inhibition of  pros tag landin  b iosynthes is  by indomethacin inhibits the r e sponse  of the c e r e b r a l  
ve s se l s  to hypercapnia ,  w h e r e a s  the effects  of hypocapnia a r e  not only p r e s e r v e d  but a r e  
actual ly  enhanced. This d i f ference  in the r e sponse  of the b ra in  ve s se l s  to hypo- and hype r -  
capnia during inhibition of  pros taglandin  biosynthes is  suggests  that  effects  of hype r -  and 
hypocapnia a r e  produced by dif ferent  mechan i sms .  It  is postulated that  a d e c r e a s e  in the 
pros taglandin  concent ra t ion  reduces  the sens i t iv i ty  of the b ra in  ve s se l s  to hypercapnia  and 
i n c r e a s e s  the i r  sens i t iv i ty  to hypocapnia.  
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Bra in  t i s sue  p roduces  large quanti t ies of pros taglandins  (PG) of the F2(x and E 2 types.  The high phys io-  
logical  act iv i ty  of the va r ious  PG in re la t ion  to the c e r e b r a l  ve s se l s  has been descr ibed  by many work e r s  
following the i r  sy s t em i c  and local  appl icat ion [13]. Much less  has been published on the ro le  of  PG in the r egu -  
lation of the c e r e b r a l  c i rcula t ion.  

The object  of  this invest igat ion was to study quanti tat ive changes in the c e r e b r a l  blood flow during c e r -  
tain typical  va scu l a r  r e s p o n s e s  of the b ra in  (to hypervent i la t ion  and inhalation of CO 2) in intact  an imals  and 
a f t e r  inhibition of PG biosynthes is  by indomethacin.  

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

Cats  and dogs were  anes thet ized with pentobarbi ta l  (0.25 mg/kg) and their  lungs a r t i f i c ia l ly  venti lated 
with a mix tu re  (4 : 1) of ni trous oxide and oxygen; the musc le  r e l axan t  l isthenon was injected in a dose of 5-10 
mg/kg in t ravenous ly  eve ry  30 rain. The a n i m a l ' s  body t e m p e r a t u r e  was maintained a t  not m o r e  than 36-38~ 
by means  of a heating lamp. 

Changes in the local  c e r e b r a l  blood flow were  r eco rded  by a modified Aukland 's  hydrogen c l ea rance  
method [2, 5]. In some  expe r imen t s  the inflow of blood into the bra in  was measu red  in dogs by means  of an 
e l ec t romagne t i c  blood f lowmete r  ( f rom Hugo Sachs Elektronik) .  The de tec tor  unit  of  the f lowmeter  was applied 
to the common  carot id  a r t e r y  and branches  of the ex te rna l  carot id  a r t e r y  were  ligated. In al l  exper imen t s  the 
blood p r e s s u r e  was r eco rded  synchronously  through a ca the te r  introduced into the f emora l  a r t e r y  and connected 
to the EMT-35 de tec tor  and EMT-31 ampl i f i e r  ( f rom Elema-Sch~nander) .  These p a r a m e t e r s  were  r eco rded  on 
a four -channel  au tomat ic  wr i t e r  (Watanabe-Mul t icorder) .  Synchronous m e a s u r e m e n t s  were  made of pH and 
pCO 2 of the a r t e r i a l  blood, and in one s e r i e s ,  of pH and pCO 2 of the ce r eb rosp ina l  fluid (CSF) and pH, pCO2, and 
pO 2 of the a r t e r i a l  blood by means  of a Rad iomete r  sys t em.  A solution of indomethacin,  pH 8.0, made up by the 
method of P a l m e r  e t  al. [7], was injected by means  of a pe r i s t a l t i c  pump toward the bra in  through the linguo- 
fac ia l  b ranch  of the carot id  a r t e r y  a f t e r  l igation of b ranches  of the ex te rna l  carot id  a r t e r y .  The dose of indo- 
methac in  (0.2 m g .  kg - i  - rain -1) was chosen on the bas i s  of the fact  that  the dose of indomethacin requ i red  to 
inhibit PG biosynthes is  is 1 pg �9 m1-1, and the ra t io  of b ra in  indomethacin : p l a sma  indomethacin is 0.02 [8]. 
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E revan  Medical  Inst i tute.  (Presen ted  by Academic ian  of the Academy of Medical  Sciences  of the USSR V. V. 
Zakusov.)  Trans la ted  f r o m  Byul le ten '  l~ksper imenta l 'no i  Biologii i Meditsiny,  Vol. 87, No. 3, pp. 240-243, 
March,  1979. Original  a r t i c l e  submit ted June 16, 1978. 
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Fig. 1. Effect of hypocapnia on changes 
in local c e r eb ra l  blood flow following 
intracarot id  infusion of indomethacin 
(0.2 rag" kg -I �9 min- l ;  pooled data). A) 
Control ,  B) hypocapnia, C) hypocapnia+ 
indomethacin; *) s tat is t ical ly significant 
difference f rom control  (P < 0.05). 

CSF samples were obtained by puncture of the c i s te rna  magma and blood samples f rom the femoral  a r te r ies .  
Hyperventilation and inhalation of CO 2 (5%) were ca r r i ed  out for 5 min [6]. The significance of differences 
between the data for the experimental  and control  groups was evaluated by the F i s h e r - S t u d e n t  cr i ter ion.  

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

Changes in the ce rebra l  blood flow in response  to hypocapnia during inhibition of PG biosynthesis were 
studied in the experiments  of ser ies  I (19 cats). As Fig. 1 shows, a decrease  in a r t e r i a l  pCO 2 by 48.1% led to 
a decrease  of 26.4% in the ce reb ra l  blood flow compared with the control  (intact cats). During perfusion of 
indomethacin hypocapnia caused a more  marked decrease  in the ce rebra l  blood flow than previously,  despite 
the compara t ive ly  smal le r  dec rease  in a r t e r i a l  pCO 2 (paCO~). A decrease  in paCO 2 by 41% of the control  value 
led to a reduct ion of 31.2% in the local ce reb ra l  blood flow. 

In the experiments  of  ser ies  II (14 cats) changes in the ce rebra l  blood flow in response  to inhalation of 
CO 2 were studied after  inhibition of PG biosynthesis.  The pooled data, given in Fig. 2, show that inhalation of 
CO2, leading to elevation of paCO2, increased the ce rebra l  blood flow by 75.2%. Meanwhile the blood p re s su re  
rose  by 24.3%. Infusion of indomethacin, as is c lear  f rom Fig. 2, by cont ras t  with the experiments with hypo- 
capnia, a lmost  completely  inhibited the effects of CO 2 on the ce reb ra l  blood flow. 

In the experiments  of ser ies  III (ten dogs) changes in the inflow of blood into the bra in  under the influence 
of CO 2 before and during infusion of indomethacin were studied by means of an e lectromagnet ic  blood flow- 
meter .  The pooicd resu l t s  of these experiments  a re  given in Table 1. They show that, just  as in ser ies  II, 
inhalation of CO 2 caused an increase  in the blood supply to the brain. The inflow of blood into the brain was 
increased by 90.9% with an inc rease  in PaCO 2 of 72.8%. Infusion of indomethaein reduced the blood flow s o m e -  
what. Addition of CO 2 to the anesthetic mixture,  increas ing paCO 2 by 84%, 20-30 rain af ter  the beginning of 
int racarot id  infusion of indomethacin had hardly any effect  on the volume of blood flowing into the brain (com- 
par ison with control). 

In the experiments  of ser ies  IV (eight cats) the effect of indomethacin was studied on some indices of the 
ac id -base  balance of the CSF and a r t e r i a l  blood in response  to inhalation of CO 2. As Table 2 shows, addition 
of CO 2 to the inhaled mixture increased pCO 2 in the a r t e r i a l  blood by 150.9% and in the CSF by 37.4%. There 
was a corresponding dec rease  in pH in both the blood and the CSF. To prevent  hypoxia, the part ial  p re s su re  of 
oxygen in the blood was maintained above the 100 mm Hg level. Infusion of indomethacin caused an increase  in 
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F i g .  2. E f f e c t  of h y p e r c a p n i a  on c ha nge s  
in l o c a l  c e r e b r a l  b lood  f low fo l lowing  
i n t r a c a r o t i d  i n fus ion  of  i n d o m e t h a c i n  
(pooled  da ta ) .  A) C o n t r o l ;  B) h y p e r c a p n i a ;  
C) h y p e r c a p n i a  + i n d o m e t h a c i n .  R e m a i n d e r  
of  l egend  a s  in F ig .  1. 

T A B L E  1. E f f e c t  of  I n h a l a t i o n  of  CO 2 on Inflow of  Blood  into B r a i n  b e f o r e  and  d u r i n g  
Inh ib i t i on  of PG B i o s y n t h e s i s  by  I n d o m e t h a c i n  

Intracarotid in- Inhalation of CO s 
[ Inhalation jection of indo- for 5 rain+ 

Index Control of CO s for Control methacin, 0.2 , indomethacin 
t 5 min mg.kg-l.min-t 

! 
CBF 26,60• 50,80• 23,16• 17,00~3.45 22,00• 5.36 

I BP 2064-14,28 248• 19,19 224"t- 12,85 212++.7,99 222~22.7 

~H 7,25"t-0,01 7,05+O,03* 7,14++_0,02 7,22--+_0,01" 1 6,99• 
[ 

PaCOz 37,50• 64,83• 34,50• 34,66• I 63,50• 
l 

PaOz I 129• 126,6• 19,59 129,8• 15 ,13  140• 139• 
I 

I 

L e g e n d :  CBF)  inf low of b lood  into b r a i n  in ml /100 g /min ;  BP) s y s t e m i c  a r t e r i a l  p r e s -  
s u r e  in m m  Hg; PaCO2 and PaO2 in m m  Hg; *) d i f f e r e n c e  s t a t i s t i c a l l y  s i g n i f i c a n t  f r o m  
c o n t r o l  (P  < 0.05) ( h e r e  and in T a b l e  2) 

T A B L E  2. E f f e c t  of  I n h a l a t i o n  of  CO 2 on I n d i c e s  of  A c i d - B a s e  B a l a n c e  of CSF and  
A r t e r i a l  B lood  b e f o r e  and d u r i n g  Inh ib i t ion  of PG B i o s y n t h e s i s  by  I n d o m e t h a c i n  

CSF Blood 

Procedure pH PCO= pH PCOt PO= 

Control 

inhalation of CO s for 5 min 

Intracaroti~t injection of 
indomethacin 

Inhalation of CO s for 5 rain 
+ indomethacin 

7,40• 

7,29• 

7,42• 

7,26• 

20,42• 

28,07• 

24,42• 

33,08• 

7,32• 

7,10+0,02" 

7,33_0,01 

7,09___0,01" 

28,40~0,82 191,2+4,10 

71,28• 182,0• 10,49 

29,42_~2,62 202,0-t- l 1,87 

84,75~ I 1,34* 183,6~9,77 
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pCO 2 and pH of the CSF compared  with the control .  Inhalat ion of CO 2 caused an i nc rea se  of pCO 2 in the CSF by 
35.4% and a d e c r e a s e  in pH during infusion of indomethacin.  S imi la r  but m o r e  marked  d is turbances  were  found 
in the a r t e r i a l  blood. 

The fact  that  inhibition of PG biosynthes is  had no ef fec t  on the reduct ion in the c e r e b r a l  blood flow 
caused by hypocapnia,  d i scovered  in these  expe r imen t s ,  is in a g r e e m e n t  with Vlahov 's  observa t ions  [10, 11]. 
Marked hypocapnia resu l t ing  f r o m  c e r e b r a l  vasocons t r i c t ion  is known to lead to hypoxia, which inc reases  PG 
biosynthes is  [4]. The p r e s e n t  w r i t e r s '  previous  invest igat ions [1] showed that  hypocapnia inhibits the p r e s s o r  
act ion of noradrena l in  on the b ra in  ve s s e l s  whereas  indomethacin abol ishes  this effect.  Hence it was suggested 
that  hypocapnia i nc rea se s  PG biosynthes is .  It  is difficult a t  p r e sen t  to say whether  this i nc rease  is the r e su l t  
of  the d i rec t  act ion Of hypocapnia or  whether  it  is due to the act ion of hypoxia, but it can be tentat ively sug-  
gested that  the i nc r ea s e  in the concentra t ion of PG of the E s e r i e s  during hypocapnia [3] is a factor  which l imits  
any fur ther  cons t r ic t ion  of the c e r e b r a l  ve s se l s .  Evidence in suppor t  of this assumpt ion  is the fact  that indo- 
methac in  leads to a m o r e  marked  dec r ea s e  in the c e r e b r a l  blood flow in r e sponse  to hypocapnia (31.2%) than in 
contro l  exper imen t s  (26.4%). 

C o m p a r i s o n  of the resu l t s  of exper imen t s  under taken under  the conditions of hypercapnia  and with or  
without inhibition of PG biosynthes is  r evea l s  that  PG deficiency contr ibutes  to the reduct ion in the r e s p o n s e  of 
the bra in  ve s se l s  to CO2, in a g r e e m e n t  v~ith the findings of P ickard  et al.  [9]. Exper imenta l  invest igat ions have 
shown that an i nc r ea s e  in the c e r e b r a l  blood flow in r e s p o n s e  to hypercapnia  is due to an i nc r ea se  in the H + 
concentra t ion in the in te rs t i t i a l  fluid of the brain .  The pial  a r t e r i e s  a r e  ve ry  sensi t ive  to local  changes in H + 
concentra t ion,  dilating when it r i s e s  and cons t r ic t ing  when it fails [12]. Hence, i t can  be suggested that  indo- 
methacin  e i ther  d is turbs  H + format ion  or inhibits sens i t iv i ty  of the c e r e b r o v a s c u l a r  r e c e p t o r s  to it. As the 
study of the a c i d - b a s e b a l a n c e  of the CSF and a r t e r i a l  blood in r e sponse  to inhalation of 5% showed, H + f o r m a -  
tion in the CSF and blood under  conditions of indomethacin infusion is not dis turbed.  Consequently,  inhibition 
of PG biosynthes is  is mos t  l ikely to depress  the sensi t iv i ty  of the va scu l a r  r e c e p t o r s  to H +, as a r e s u l t  of 
which the bra in  ve s s e l s  no longer respond to CO 2. The dif ference between the r e s p o n s e  of the c e r e b r a l  v e s se l s  
to hypo- and hypercapnia  when indomethacin is given suggests  that the ef fec t  of hypo- and hypercapnia  a r e  
r ea l i zed  by dif ferent  mechan i sms .  It  can tentat ively be suggested that an i nc r ea se  in the PG concentra t ion  in- 
c r e a s e s  the r eac t iv i ty  of the b ra in  ves se l s  to hypercapnia  and reduces  their  r eac t iv i ty  to hypocapnia,  whereas  
a d e c r e a s e  in the PG concentra t ion had the opposi te  effect.  This hypothesis  r equ i r e s  fur ther  addit ional e x p e r i -  
menta l  ver i f ica t ion.  
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