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a n d  l~. A.  A m r o y a n  

A change in pH of the CSF toward acidosis  under the influence of papaver ine  is  accompanied 
by an inc rease  in the blood supply of the bra in  i r r e s p e c t i v e  of changes in pCO~ of the a r t e r i a l  
blood. Changes of the opposite c h a r a c t e r  in the c e r e b r a l  c i rcula t ion  were  d i scovered  with a 
dec rea se  in hydrogen ion concentra t ion in the CSF. During dis turbance of autoregulat ion 
(severe  hypotension, hypercapnia)  the blood supply to the bra in  is reduced,  i r r e spec t i ve  of 
changes  in the pH of the CSF, as a r e su l t  of a dec rea se  in the sys temic  a r t e r i a l  p r e s s u r e .  

Papaver ine  has been shown to dilate the pial  v e s s e l s  and to inc rease  the blood supply to the brain  [10, 
11, 13, 15, 16]. However,  many aspec t s  of the mechan i sm of action of papaver ine  on the c e r e b r a l  c i rcula t ion 
stil l  r ema in  unexplained [14], The role  of a metabol ic  fac tor  in the m e c h a n i s m  of the effect  of papaver ine  
on the co rona ry  c i rcula t ion  has  been demons t ra ted  [2]. 

In r ecen t  y e a r s  a c l e a r  cor re la t ion  has  been found between changes in the hydrogen ion concentrat ion 
and the r e s i s t ance  of the c e r e b r a l  v e s s e l s  under  the influence of noradrenal in  and ba rb i tu ra t e s  [5], and data 
indicating the impor tan t  ro le  of the hydrogen ion concentrat ion of the ex t race l lu l a r  fluid in the maintenance 
of homeos t a s i s  of the c e r e b r a l  c i rcula t ion have been obtained [4, 7, 8, 12, 17-19]. With these facts  in mind 
it was  decided to study to what extent  the vasodi la tor  action of papaver ine  is  connected with changes in the 
hydrogen ion concentra t ion in the CSF. 

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

Exper imen t s  were  ca r r i ed  out on 50 ca ts  anesthet ized with urethane and ch lora lose .  Changes in the 
c e r e b r a l  blood supply were  r eco rded  by e l ec t rop le thysmography  [3] and t h e r m i s t r o g r a p h y  [6]. The a r t e r i a l  
p r e s s u r e  and r e sp i r a t i on  were  r eco rded  s imul taneously .  By means  of a p H - m e t e r  (Radiometer) ,  pa ra l l e l  
de terminat ions  were  made of pH, pCO 2 and pO 2 in anaerobica l ly  col lected samples  of a r t e r i a l  blood and of 
pH and pCO 2 in the CSF. 

Papaver ine  (1 or  3 mg/kg)  was injected in t ravenously  as a solution wa rmed  to body t empe ra tu r e .  B e -  
fore  and 2 and 10 rain af ter  the injection the phys icochemica l  indices were  de te rmined  in the s amples  of CSF 
and a r t e r i a l  blood. 

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

Under the influence of 1 m g / k g  papaver ine  a dec rea se  in the hydrogen ion concentra t ion was found in 
the CSF in 50% of the expe r imen t s  and an inc rease  in the other  50%. In all the expe r imen t s  with a change in 
the pH of the CSF toward ac idos is  the blood supply of the bra in  was increased ,  while with a change toward 
a lkalos is  it was reduced.  
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Fig.  1. Effect  of papave r ine  (1 mg/kg) on blood supply to the b ra in  
and on some indices  of a c i d - b a s e  ba lance  of the CSF and a r t e r i a l  
blood in two expe r imen t s  with d i f ferent  changes in pH: A) CSF: pH 
7.24, pCO 2 34 mm.  Blood: pH 7.22, pCO 2 38 ram, pO 2 93 mm. CSF: 
pH 7.17, pCO 2 38 mm. Blood: pH 7.19, pCO 2 40 mm, pO~ 98 mm; B) 
CSF: pH 7.34, pCO 2 17.5 mm.  Blood: pH 7.31, pCO 2 41 mm, pO 2 120 
ram. CSF: pH 7.46, pCO 2 10 mm. Blood: pi t  7.26, pCO~ 46 mm, pO 2 
125 mm.  Here  and in Fig.  2, f rom top to bot tom: t ime  m a r k e r ,  
a r t e r i a l  p r e s s u r e  of t h e r m i s t r o g r a m  (upward d i sp lacement  c o r r e -  
sponds to an i n c r e a s e  in ve loc i ty  of the loca l  c e r e b r a l  blood flow), 
e l e c t r o p l e t h y s m o g r a m  (upward d i sp lacement  s igni f ies  a d e c r e a s e  
in i n t r a c r a n i a l  blood volume),  r e s p i r a t i o n .  

The r e s u l t s  of one of the e x p e r i m e n t s  a r e  given in Fig .  1A. In t ravenous  inject ion of papave r ine  in a 
dose  of 1 mg/kg ,  under  c lose  to normocapnic  condi t ions (PaCO2 = 38 m m  Hg) led to a defini te  i n c r e a s e  in the 
ve loc i ty  of the blood flow in the c e r e b r a l  c o r t e x  and in the i n t r a c r a n i a l  blood volume. No s igni f icant  changes  
o c c u r r e d  in r e s p i r a t i o n .  Meanwhile a marked  i n c r e a s e  in the hydrogen ion concent ra t ion  and in pCO 2 was  
found in the CSF. Changes of s i m i l a r  c h a r a c t e r  a lso  were  obse rved  in the a r t e r i a l  blood. Cons ider ing  that  
the b ra in  v e s s e l s  a r e  highly sens i t ive  to changes  in pCO 2 i t  can be a s sumed  that  the p a r a l l e l  changes in the 
a c i d - b a s e  balance  of the CSF and a r t e r i a l  blood a re  joint ly  r e spons ib le  for  the hemodynamic changes ob-  
se rved  in the b r a i n  under  the influence of papaver ine .  

However,  as  these  e x p e r i m e n t s  show, p a r a l l e l  changes  were  not a lways found in pCO 2 and pH of the 
CSF and a r t e r i a l  blood. It is  c l e a r  f rom Fig .  1B that  in ject ion of papaver ine  in the same dose was a c c o m -  
panied by a sharp  i n c r e a s e  in pH of the CSF ( i .e . ,  by a change toward a lka los i s )  and by a d e c r e a s e  in pCO 2. 
By con t ras t ,  the va lues  of pCO 2 and the hydrogen ion concent ra t ion  in the a r t e r i a l  blood rose .  Af te r  a b r i e f  
i n c r e a s e  in the ve loc i ty  of the loca l  c e r e b r a l  blood flow and in the i n t r a c r a n i a l  blood volume both showed a 
def ini te  d e c r e a s e .  C l ea r l y  the effects  of papaver ine  on the c e r e b r a l  c i r cu la t ion  a r e  i n sepa rab ly  l inked with 
the changes in pCO 2 and pH of the c e r e b r o s p i n a l  fluid, for  as  Fig.  1B shows, even if pCO~ of the a r t e r i a l  
blood is  i n c r e a s e d  the blood supply to the bra in  is  reduced.  

Under the influence of l a r g e  doses  of papaver ine  (3 mg/kg)  the re  is  a marked  d e c r e a s e  in a r t e r i a l p r e s -  
sure  and, desp i te  an i n c r e a s e  in the veloci ty  of the loca l  c e r e b r a l  blood flow, the i n t r a c r a n i a l  blood volume 
showed a marked  d e c r e a s e .  The e x p e r i m e n t s  r evea led  changes in some indices  of the a c i d - b a s e  ba lance  
under  these  condi t ions .  

The r e s u l t s  of an expe r imen t  in which papaver ine  was in jec ted  in a dose of 3 mg /kg  a r e  given in Fig.  
2A. Immed ia t e ly  a f te r  in t ravenous  inject ion of the drug the re  was a sharp  d e c r e a s e  (60%) in the a r t e r i a l  
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Fig. 2. Effect of papaverine on blood supply to the brain and 
on some indices of the acid-base balance of the CSF and a r t e -  
r ial  blood. A) Effects of 3 mg/kg  papaverine:  CSF: pH 7.25, 
pCO 2 19 mm. Blood: pH 7.22, pCO 2 42 mm, pO 2 103 mm. CSF: 
pH 7.32, pCO 2 24 mm. Blood: pH 7.22, pCO 2 44 mm, pO 2 103mm; 
B) effects of 1 mg/kg  papaverine during hypercapnia.  CSF: pH 
7.37, pCO 2 25 mm. Blood: pH 7.02, pCO 2 78 ram, pO 2 73 ram. 
CSF: pH 7.20, pCO 2 39 mm. Blood: pH 7.05, pCO 2 7.8 mm, pO 2 
76 mm. 

p r e s s u r e s  with a definite decrease  in the intracranial  blood volume. The small  increase  in pCO 2 was ac-  
companied by a marked decrease  in the hydrogen ion concentrat ion in the CSF, i . e . ,  by a shift toward alka!o- 
sis. These changes were observed against the background of relat ive stability of the indices for the acid-  
base balance of the a r te r ia l  blood. It could be postulated that a decrease  in hydrogen ion concentration count-  
e rac t s  the effects of papaverine on the smooth muscle of the ce rebra l  vesse ls .  However, a dec rease  in the 
blood supply under the influence of large  doses of papaverine also was observed in acidosis,  i .e . ,  with a 
decrease  in pH of the CSF. Consequently, the effects of comparat ively  large doses of papaverine on the 
ce rebra l  circulat ion are mos t  likely due to a disturbance of autoregulation, with the appearance of a passive 
dependence of the blood flow on p re s su re  as the resul t  of the sharp fall of ar ter ia l  p r e s su re  [11. This hypo-  
thesis  is supported by experiments  per formed during hypercapnia,  when, as data in the l i te ra ture  show, the 
mechanism responsible for autoregulation of the ce rebra l  vesse ls  also are  disturbed [9]. As Fig. 2B shows, 
in the control  ser ies  pCO 2 of the a r te r ia l  blood was 78 mm Hg and pH was 7.02. 

Intravenous injection of papaverine in a dose of 1 mg/kg  was accompanied by a marked increase  in the 
hydrogen ion concentrat ion and by an increase  in pCO 2 in the extracel lu lar  fluid. Contrary  to expectation, 
even with a moderate  fall of ar ter ia l  p r e s su re  (by 30%) there  was an accompanying decrease  in the l inear 
velocity of the ce rebra l  blood flow and in the intracranial  blood volume, which was not observed in the ex- 
per iments  on animals in a state close to normocapnia.  Consequently, hypercapnia disturbs the corre la t ion  
between the hydrogen ion concentrat ion of the extracel lular  fluid and the ce rebra l  blood flow found under the 
influence of small  doses of papaverine.  

Changes in the hydrogen ion concentrat ion of the ext racel lu lar  fluid thus play an important  role in the 
e fleets of papaverine on the ce rebra l  circulat ion.  

When the mechanisms of autoregulation of the brain  vesse ls  are  disturbed (in severe  hypotension or  
hypereapnia), cor re la t ion  between the pit of the extracel lu lar  fluid and the ce rebra l  blood flow is disturbed 
and a passive dependence of the blood flow on the a r te r ia l  p r e s su re  is found; these effects are  ref lected in 
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a dec r ea se  in the in t rac ran ia l  blood volume and in the ra te  of the c e r e b r a l  blood flow, even in the p re sence  
of a modera te  d e c r e a s e  in the sys temic  a r t e r i a l  p r e s s u r e .  

The r e su l t s  desc r ibed  in this  pape r  suggest  an act ive role  of the hydrogen ions of the ex t race l lu la r  
fluid in the m e c h a n i s m  of the re laxant  action of papaver ine  on the s m o o t h - m u s c l e  s t r uc tu r e s  of the walls  of 
the c e r e b r a l  ve s s e l s .  
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