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The volume veloc i ty  of the c e r e b r a l  blood flow was r eco rded  in dogs with the aid of r ad io -  
act ive  xenon-133.  Papave r ine  and intensain w e r e  found to cause  a m a r k e d  inc rease  in the 
c e r e b r a l  blood flow. By b i l a t e ra l  s epa r a t e  perfus ion of the max i l l a ry  and v e r t e b r a l  a r t e r i e s  
it was  shown that  these  changes in the in t rac ran ia l  blood flow a re  due to the d i rec t  act ion 
of the drugs  on the c e r e b r a l  v e s s e l s .  Papaver ine  lowers  the tone of the c e r e b r a l  v e s s e l s  
equally,  while intensain has a m o r e  m a r k e d  effect  on the max i l l a ry  v e s s e l s ,  and gives a 
much  s m a l l e r  dec r ea s e  in the r e s i s t a n c e  of the r e s i s t i v e  bra in  v e s s e l s  supplied with 
blood f r o m  the v e r t e b r a l  a r t e r i e s .  The r e su l t s  indicate that the in t rac ran ia l  v e s s e l s  
supplying the c e r e b r a l  h e m i s p h e r e s  differ  in the i r  sensi t iv i ty  to intensain f r o m  those 
supplying blood to the medul la  and pons.  

Papaver ine  is widely used in neurologica l  p rac t i ce  for  the t r e a t m e n t  of c e r e b r o v a s c u l a r  d i s ea se s .  
However ,  the expe r imen ta l  data for  i ts  effect  on the c e r e b r a l  c i rcu la t ion  a r e  cont rad ic tory .  According to 
some  inves t iga tors  papaver ine  i n c r e a s e s  the c i rcula t ion  in the bra in  t i s sue  [4, 7, 9], while o thers  [10, 11], 
us ing ni t rous  oxide and rad ioac t ive  krypton-85 in the i r  expe r imen t s ,  found no marked  changes in the c e r e -  
b r a l  hemodynamics .  According to Sarat ikov et  al .  [5] papaver ine ,  if injected in t ravenously  in doses  not 
affect ing the sys t emic  a r t e r i a l  p r e s s u r e ,  does not produce changes in the c e r e b r a l  c i rcula t ion.  However ,  
these  w o r k e r s  obse rved  a m a rked  i nc r ea s e  in the in t r ac ran ia l  blood flow in expe r imen t s  in which papav-  
e r ine  was injected by the in t raca ro t id  route .  

No expe r imen ta l  data for  the effect  of the new co rona ry  vasod i l a to r  intensain on the in t rac ran ia l  c i r -  
culation could be found in the l i t e r a t u r e .  Never the le s s ,  d i s ea se s  of the blood v e s s e l s  of the hea r t  andbra in  
a r e  often descr ibed  as  mani fes ta t ions  of the ca rd iac  and c e r e b r a l  f o r m s  of hyper tens ion.  

For  this r e a s on  the invest igat ion desc r ibed  below was  c a r r i e d  out to study the effect  of papaver ine  
and intensain on the c e r e b r a l  hemodynamics .  

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

Exper imen t s  we re  c a r r i e d  out on 46 dogs weighing 18-25 kg anes thet ized with morphine (10 mg/kg)  
and ure thane (1 g/kg) and on 43 cats  weighing 3-4 kg, anes the t ized  with ure thane  (0.6 g/kg) and cb lora lose  

(50 mg/kg) .  

In the expe r imen t s  of s e r i e s  I the c e r e b r a l  blood flow was de te rmined  quanti tat ively by in t racaro t id  
injection of rad ioac t ive  xenon-133 [2, 6, 8]. Excre t ion  cu rves  w e r e  obtained by means  of a s ingle-channel  
"Ksenon" appara tus  [3]. This  cons is t s  of a col l imated de tec tor ,  r a d i o m e t e r ,  i n t ens ime te r ,  and automat ic  
w r i t e r .  The height of the co l l ima to r  was  50 m m  and the d i ame te r  of the ape r tu r e  50 ram.  The de tec tor  
was placed above the pa r i e ta l  region of the dog ' s  bra in .  Physiological  sal ine was added to the a i r - x e n o n  
mix tu re ,  which was  then injected into the r ight  common caro t id  a r t e r y  f r o m  a syr inge .  
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Fig. 1. Effect of papaverine and intensain 
on volume veloci ty of ce rebra l  blood flow. 
On left: excret ion curve of xenon-133. 
Absc i ssa ,  t ime (in min); ordinate,  ra te  of 
counting radioact ivi ty  on a logar i thmic  
scale .  Right: volume veloci ty of ce rebra l  
blood flow (in ml/100 g/min) in control ex-  
per iments  and after  injection of papaverine 
(2 mg/kg) and intensain (10 mg/kg) .  C: 
control;  h intensain; P: papaverine.  

All a r t e r i e s  supplying blood to the ex t race rebra l  
t i ssues  of the brain were ligated along the course  of the 
blood before entering the brain. The resul t ing excret ion 
curve of xenon-133 is the sum of two exponential curves .  
The f i r s t  exponential curve ref lec ts  the blood flow in the 
blood vesse l s  of the brain, the second the blood flow in 
the vesse l s  of the soft t issues of the head [1]. After  log-  
a r i thmic  plotting of the excret ion curves  and subtract ion 
of the second curve f rom the f i r s t  (Fig. 1), the ha l f -e l im-  
ination period (T~) was determined and used to calculate 
the ce reb ra l  blood flow (CBF) by the equation: 

MK = Kx 100• ml/100 g/rain 

where  K equals 0.693 T ~  and 0.8 is the parti t ion coef-  
ficient of xenon in a b l o o d - t i s s u e  mixture .  

To detect the vascu la r  component in the action of 
the pharmacological  agents on the ce rebra l  hemodynamics ,  
in the exper iments  of se r ies  II on cats a multichannel p e r -  
fusion pump (resis tograph)  was used to r eco rd  the r e s i s -  
tance to the blood flow in the a r t e r i a l  sys tems  supplying 

�9 blood to the brain.  For  this purpose one of the channels 
of the res i s tograph  was used for  perfusion of the r ight and left maxi l lary  a r t e r i e s .  The two ver tebra l  a r -  
te r ies  were perfused by the second channel. The ext racrania l  vesse l s  were careful ly ligated. 

Papaver ine  in a dose of 2 mg/kg  and intensain in a dose of 10 mg/kg  were  used for  the tes ts .  The 
drugs were  injected into the femora l  vein or,  in cer ta in  se r i e s  of exper iments ,  into the maxi l la ry  and v e r t e -  
bral  a r t e r i e s .  

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  

The mean volume veloci ty of the ce rebra l  blood flow of the dogs measured  by the xenon method was 
84 ~- 5 ml/100 g /min ,  in ag reement  with data in the l i t e ra tu re .  Papaver ine  led to a marked  dec rease  in the 
half -excret ion t ime of the indicator ,  i .e. ,  to an increase  in the in t racrania l  blood flow. The inc rease  in the 
blood supply to the brain took place immediately  af ter  injection of the substance and its mean value was 
44~ 7.4% (Fig. 1). The ce rebra l  blood flow in most  exper iments  10 min or  more  af ter  injection of papav- 
er ine did not exceed the initial level.  In all exper iments  an increase  in the volume velocity of the cerebra l  
blood flow was accompanied by a marked dec rease  in the sys temic  a r te r ia l  p r e s su re .  

Intensain, injected intravenously in a dose of 10 mg/kg,  also led to a marked dec rease  in the half-  
elimination t ime of xenon-133, ref lect ing an increase  in the in t racrania l  blood flow. The mean blood supply 
to the brain was increased  by 50-~13% (Fig. 1). In all the experiments  changes in the ce reb ra l  circulat ion 
were  accompanied by a dec rease  in the level of the a r te r ia l  p r e s su re .  In some exper iments  an increase  
in the ce reb ra l  blood flow was observed during the f i r s t  minutes af ter  injection of the drug,  while in the 
r e s t  the maximal  increase  in the blood flow was observed 10-45 rain af ter  injection of intensain. 

The exper iments  using the technique of separa te  bi lateral  perfusion of the maxi l lary  and ve r tebra l  
a r t e r i e s  showed that papaverine,  injected intravenously in a dose of 2 mg/kg,  led to a marked dec rease  
in tone of the maxi l lary  and ve r tebra l  a r t e r i e s .  The res i s t ance  to the blood flow in the sys t em of the max-  
i l lary a r t e r i e s  was reduced by 27• af ter  injection of papaverine,  while the decrease  in tone of t h e v e r -  
tebral  a r t e r i e s  was 28~2.2% of its initial level.  Meanwhile the a r te r ia l  p r e s s u r e  was lowered on the av-  
erage  by 56 ~- 3% below the control  value.  The original state of the tone of the maxi l la ry  and ve r tebra l  a r -  
t e r ies  was r e s to red  5-10 min after  injection of the drug.  

Intensain,  when injected intravenously in a dose of 10 mg/kg,  led to a less  marked dec rease  in r e -  
s is tance of the brain ves se l s  to the blood flow. Under the influence of intensain the tone of the maxi l la ry  
a r t e r i e s  was lowered by 13-~1.75%, whereas  the res i s t ance  in the sys t em of the ve r t ebra l  a r t e r i e s  w a s l o w -  
ered by only 7-~1.6% (P<0.05) compared with its initial level.  The a r te r ia l  p r e s s u r e  was lowered by 35~ 
3.6%. In some exper iments  the tone of the ce rebra l  a r t e r i e s  was r e s to red  5-10 rain af ter  injection of the 
drug, while in others  the duration of action of intensain reached 30 min or more .  

137 



Exper iments  using the method of res i s tography  thus showed that the changes in the ce rebra l  hemo-  
dynamics under the influence of these two drugs were  due p r imar i ly  to the i r  d i rec t  action on the brain ves -  
se ls .  Evidence in support  of this conclusion was given by a special  s e r i e s  of exper iments  in which papav- 
e r ine  (0.5 rag) and intensain (4 mg) were  injected d i rec t ly  into the maxi l lary  or ve r t eb ra l  a r t e r i e s .  These  
exper iments  showed that both papaverine and intensain in most  exper iments  led to select ive dilatation of 
the ce reb ra l  ve s se l s  on the side of injection of the drug. 

This investigation showed that both papaver ine and intensain caused a marked  increase  in the c e r e -  
bra l  blood flow, with an accompanying dec rease  in tone of the brain ves se l s .  It is important  to note, how- 
ever ,  that whereas  papaver ine acts equally on the var ious  vascu la r  regions of the brain,  intensain has a 
s t ronger  action on the maxi l lary  ves se l s  and causes  a correspondingly sma l l e r  dec rease  in the res i s t ance  
in the ve r t e b r a l  a r t e r i a l  sys tem.  These  resu l t s  indicate that the in t racrania l  vesse l s  responsible  for  sup- 
plying blood to the ce reb ra l  hemispheres  differ  in their  sensit ivi ty to intensain f rom those supplying blood 
to the medulla and ports. 
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