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In expe r imen t s  on r a t s  under  local  anes thes ia  the act ion of phentolamine and propranolol  on 
autoregulat ion of the ce reb ra [  blood flow (ACB) was studied during or thos ta t ic  t e s t s  (OT). The  
c e r e b r a l  blood flow was m e a s u r e d  in the  carot id  sys t em,  the venous p r e s s u r e  in the c e r e b r a l  
v e s s e l s ,  and the per fus ion  p r e s s u r e  in the carot id  a r t e r i e s ;  the r e s i s t a n c e  of the ce r eb ra l  
v e s s e l s  7¢as calculated.  OT were  s imula ted  by t i l t ing a specia l  table  with the animal  (head 
upward  or  downward) through 40-80 ° f r o m  the hor izontal  plane.  The  r e s u l t s  showed that  
ad rene rg ic  blockade in m o s t  c a se s  of  OT dis turbed ACB: phentolamine led to a pass ive  in-  
c r e a s e  in the c e r e b r a l  blood flow in r e s p o n s e  to an i nc rea se  in per£usion p r e s s u r e ,  whereas  
propranolo l ,  on the o ther  hand, caused a pas s ive  d e c r e a s e  in the  ce r eb ra l  blood flow in r e -  
sponse to a fal l  of per fus ion  p r e s s u r e °  
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Or thos ta t i c  hypotension a r i s ing  daring t r e a t m e n t  with an t indrenerg ic  drugs  is  f requent ly  accompanied  
by d is turbance  of the  c e r e b r a l  c i rcu la t ion  and by l o s s  of  consc iousness .  The  insufficiency of the ce r eb ra l  
blood flow in these  cases  may  a r i s e  through d i s ~ r b a n c e s  of au toregula tory  m e c h a n i s m s ,  but the influence 
of ad rene rg ic  blockade on autoregulat ion of the c e r e b r a l  c i rcula t ion  has  not been  adequately studied [10, 11, 
12], and fo r  that  r e a s o n  it  was decided to under take  the p re sen t  invest igat ion.  

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

E x p e r i m e n t s  we re  c a r r i e d  out on 25 r abb i t s  weighing 2.5-3.5 kg. The unanesthet ized animals  were  fixed 
to a specia l  tab le  whose posit ion in the ve r t i ca l  plane could be  changed. The c e r e b r a l  blood flow was r e c o r d e d  
by m e a n s  of a f lowmete r  of the w r i t e r s '  own design [2] in the common carot id  a r t e r i e s ,  the ex t rac ran ia l  
b r anches  of which w e r e  l igated.  The  blood p r e s s u r e  (BP) was r e c o r d e d  by means  of a m e r c u r y  m a n o m e t e r  
in the common caro t id  a r t e r y .  The  p r e s s u r e  in the venous s y s t e m  of the b ra in  was m e a s u r e d  with a wa te r  
m a n o m e t e r  connected to the c rania l  end of the external  jugular  vein or  sagi t tal  sinus. Hepar in  was used ~s 
ant icoagulant .  All opera t ions  connected with d issect ion,  l igation, and carmulation of the v e s s e l s  we re  c a r r i e d  
out under  local  p roca ine  anes thes ia .  Th is  anes thes ia  evidently also blocked nervous  r e f l ex  control of the 
carot id  s inuses ,  so that  m o r e  las t ing  changes in BP were  produced during or thos ta t ic  t e s t s  (OT) [3, 9]. 

OT las t ing  3-5 rain we re  s imulated by turning the table  with the animal  (head upward or  downward) 
through 40-80  ° f r o m  the hor izonta l  p lane.  Under s im i l a r  conditions, Moskalenko and c o - w o r k e r s  [5, 6] ob-  
s e r v e d  ce r t a in  changes in the dynamics  of the blood volume of the bra in .  

In each expe r imen t  s eve ra l  OT w e r e  p e r f o r m e d  before  (control) and a f t e r  admin is t ra t ion  of the ad reno-  
ly t i c s .  ~ - A d r e n e r g i c  r e c e p t o r s  we re  blocked by phentolamine [1-3 mg/kg)  and /3-adrenergic  r e c e p t o r s  by 
propranolo l  (1-2 m g / k g ) .  The an t iadrenerg ic  drugs  were  injected in t ravenous ly  o r  i n t r a - a r t e r i a l l y  (into the 
pe r fus ion  s y s t e m  of the f l owmete r  by means  of a mic ro in fuse r ) .  The  c h a r a c t e r  of changes in autoregala t ion 
of the c e r e b r a l  blood flow (ACB) during OT was judged f r o m  changes in the  indices of the c e r e b r a l  blood flow, 
per fus ion  p r e s s u r e ,  and r e s i s t a n c e  of the c e r e b r a l  ve s se l s °  The  per fus ion  p r e s s u r e  was calculated as the 
d i f ference  between the venous p r e s s u r e  and BP o The exper imenta l  r e s u l t s  were  subjected to s ta t i s t ica l  
ana lys i s  by the d i rec t  d i f fe rences  method° 
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Fig. I. Cerebral blood flow during orthostatic tests before (A) and after (13) 
adrenergic block by phentolamine (IB) and propranolol (2B). From top to bottom: 
ar te r ia l  blood p ressu re ,  cerebra l  blood flow (distance between m a r k e r s  3.5 ml in 
A and 2 ml in B), or thostat ic  test ,  t ime m a r k e r  (5 sec). Ar rows  indicate in te r rup-  
tion of 1 min. 

Fig.  2. Cerebra l  blood flow (unshaded column) and cerebra l  vascular  r es i s t ance  
(shaded column) during or thosta t ic  tes ts :  head downward (above the line), head 
upward (below the line). A) Control,  B) af ter  phentolaraine, C) after propranolol .  

TABLE 1. Changes in Cerebra l  Blood Flow (CBF) and Cerebra l  Vascular  Resis tance 
(CVR) in Control and after  Adrenergic  Blockade (in % of initial data) 

Control 
P 

After phentolamine 
P 

After propranolol 
P 

Number 
of OT 

30 

19 

15 

Increase of perfusion pressure 
between 60 and 120 mm Hg 

CBF 

+4,59-+2,7 
>0,05 

+27,6--+3,8 
<0,001 

-t-6,9_+2,8 
<0,05 

' CVR 

-}-24, O-b3,0 
<0,001 

+4,3___1,8 
<0,05 

-}-26,3--+3,0 
<0,001 

Number 
of OT 

35 

12 

16 

Decrease of perfusion pressure 
between 120 and 60 rffm Hg 

CBF 

--1,36+2,0 
>0,05 

--9,03_3,0 
<0,05 

--18,8+_-3,3 
<0,001 

CVR 

--16,08___1,7 
<0,001 

--6,4--+1,5 
<0,001 

--4,1+2,5 
>0,05 

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

With the animals in the horizontal position, the initial BP averaged 97.5 ± 3.9 mrs Hg, the venous p re s -  
sure 83.6 * 5.0 tara water,  and the res i s t ance  of the cerebra l  vesse l s  1.08 * 0.06 mrs Hg/100  g . r a in / ra l .  When 
the angle of tilting of the table was changed, with the an imal ' s  head above or  below the horizontal plane, in 
mos t  experiments  stepwise changes in BP were observed within l imits  of 60-140 rata Hg, o r  in some cases,  
40-160 ram Hg. The venous p res su re  varied between 20 and 170 rara water,  and only r a r e ly  did it r i se  to 
190 mm water  or  fall to zero.  In 5 of the 25 rabbi ts  changes in BP during OT were slight in degree and 
transient ,  or  autoregulation was virtually absent. Only those experiments  in which most  OT before adminis t ra-  
t ion of the adrenolytics  were  accompanied by an autoregulatory response  and by last ing changes in BP within 
the range f rom 60 to 120 rara Hg were  there fore  included in the data for  analysis .  

The increase  in perfusion p res su re  during tilting of the animal with its head downward was accompanied 
by an increase  in the res i s t ance  of the cerebra l  vesse ls  by 24 ± 3% (P < 0.001) and in the cerebra l  blood flow 
by 4.6 ± 2.7% (P > 0.05). With a decrease  in perfusion p r e s s u r e  (the animal tilted with its head upward), the 
cerebra l  vascular  r es i s t ance  decreased  by 16.08 * 1.7% (P < 0.001) and the cerebra l  blood flow by 1.36 ± 2.04% 
(P > 0.05). In control observat ions  changes in perfusion p r e s s u r e  between 60 and 120 ram Hg were  thus ac-  
companied in most  cases  by an autoregulatory response  of the cerebra l  vesse l s  aimed at maintaining a com-  
parat ively stable cerebra l  blood flow (Fig. 1A and 2A). In some cases  the cerebra l  blood flow showed a 
tendency toward passive changes depending on the perfusion p ressu re ,  evidence of insufficiency of ACB. In 

1118 



other cases the cerebral  blood flow decreased with a r i se  in perfusion pressure ,  and vice versa.  This indi- 
cates excessive autoregulation, which is evidently the cause of spasm of the cerebral  vessels during hyper-  
tensive c r i ses .  

Adrenergic blockade led to significant changes in ACB {Table 1; Fig. 1B). For  instance, after blockade 
of the ~-adrenergic  receptors  the increase in perfusion pressure  during OT in animals with the head down- 
ward was accompanied by an increase in the cerebral  blood flow and vascular  res is tance.  With a decrease 
in perfusion pressure  during OT (with the head upward), the cerebral  vascular res is tance and blood flow de- 
creased.  Consequently, blockade of the ~-adrenergic  receptors  by phentolamine virtually abolished the auto- 
regulatory vasoconstriction and weakened the vasodilatation to some extent (Fig. 2B). Weakening of the 
la t ter  evidently facilitates the onset of orthostatic collapse, character is t ic  of ~-adrenergic  blockade. 

During fl-adrenergic blockade an increase in perfusion pressure  was accompanied by an increase in the 
cerebral  vascular res is tance and blood flow. A decrease  in perfusion pressure  under these conditions caused 
a decrease in the cerebral  blood flow and vascular res is tance (Table 1), i.e., in most cases there  was a pas- 
sive decrease in cerebral  blood flow corresponding to the decrease in perfusion pressure  (Fig. 2C). 

The resul ts  of this investigation thus showed that adrenergic blockade causes considerable changes in 
ACB during OT. These data are  in agreement with modern views on the ro le  of the sympathico-adrenal systeIr 
in the regulation of the cerebral  blood flow [1, 4, 12]. Assuming the nervous ref lex genesis of these reactions 
[7, 8], the possibility cannot, however, be ruled out that local (metabolic and myogenic) mechanisms of regula-  
tion of cerebrovascular  tone may also participate.  The problem of relations between nervous ref lex and local 
mechanisms and their  interconnection still awaits elucidation. 
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