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An invest igat ion of the c e r e b r a l  c i rcula t ion by the t h e r m o e l e c t r i c  method showed that s t i m -  
ulation Of the ce rv ica l  sympathe t ic  ne rve  leads to cons iderab le  changes  in the blood supply 
to the b ra in .  The  changes in blood flow a re  b iphas ic  in c h a r a c t e r :  An init ial  sma l l  i n c r e a s e  
is followed by a d e c r e a s e  below the o r ig ina l l eve l .  P h a r m a c o l o g i c a l  ana lys i s  with ~ and fl ad reno-  
b locke r s  showed that the cons t r i c to r  r e sponse  of the c e r e b r a l  v e s s e l s  is due to exci tat ion of 
c~-adrenergi c s t r u c t u r e s  and the d i la to r  r e sponse  to exci ta t ion of f i - adrenerg ic  s t r u c t u r e s .  
A poss ib le  m e c h a n i s m  of these changes is pos tu la ted .  
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When studying the role  of the sympathe t ic  nervous  s y s t e m  in the regulat ion of the c e r e b r a l  c i rcula t ion  
mos t  w o r k e r s  have  noted that s t imulat ion of the ce rv ica l  sympathe t ic  n e r v e  (CSN) induces cons t r ic t ion  of 
the c e r e b r a l  v e s s e l s  [3, 6, 7, 10]~ However ,  some inves t iga tors  found no apprec iab le  ef fec ts  [9, 12] or ,  on 
the con t ra ry  they actually found vasod i l a to r  r e s p o n s e s  of the c e r e b r a l  v e s s e l s  to s t imulat ion of CSN [4, 8,14].  
Accordingly,  opinions at p r e sen t  differ  r egard ing  the  influence of CSN on  the c e r e b r a l  c irculat ion.  

The w r i t e r ' s  e a r l i e r  invest igat ions  [1] showed blocking the ce rv ica l  sympathe t ic  ne rve  changes the 
c h a r a c t e r  of the r e s pons e  of the c e r e b r a l  v e s s e l s  to hypercapnia~ Under  these  conditions the sympathe t ic  
nervous  s y s t e m  c lea r ly  played a leading ro le  in the regulat ion of the blood supply to the b ra in .  

The object  of  the p r e s e n t  invest igat ion was  to study the role  of sympathe t ic  influences and, in p a r t i c -  
u la r ,  the role  of c~- andf l - ad renerg ic  s t r uc tu r e s  in the regulat ion of the c e r e b r a l  c i rculat ion.  

EXPERIMENTAL METHOD 

Experiments on 47 cats weighing 2.5-3.5 kgwere earriedout under general anesthesia. The blood flow 
was recorded in symmetrical areas of the parietal cortex by means of thermoelectric probes suitable for 
qualitative analysis of the response of the blood flow to appropriate stimulation. 

The CSN was stimulated unilaterally in its middle third~ Maximal changes in blood flow in the parietal 
cortex occurred in response to electrical stimulation by square pulses (5-15 Hz, 1 msec, 5-10 V) and were 
unilateral in character. 

Dihydroergotoxin (I mg/kg) was used as the ~ adrenobloeker and propranolol (0.I mg/kg) as the 
fi adrenoblocker; both drugs were injected intravenously. 

EXPERIMENTAL RESULTS 

The very first experiments showed that the character of response of the blood flow in the parietal 
cortical vessels depended on the duration of CSN stimulation. Stimulation for i0 sec was accompanied by 
an increase in the blood flow in the parietal cortical blood vessels (Fig. la). On the cessation of stimulation 
the blood flow immediately began to decrease and fell below its initial level, to which it returned after 
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Fig. 1 Fig. 2 

Fig. 1. Effect of duration of stimulation on charac te r  of response  of par ie ta l  cor t ical  
blood flow to stimulation of CSN: a) 10 sec,  b) 15 sec,  c) 30 SeCo F r o m  top to bottom: 
ar te r ia l  p r e s su re ,  blood flow in symmet r ica l  point of par ie ta l  region, blood flow in pa r i e -  
tal region on side of CSN stimulation. Arrows mark  beginning and end of stimulation. 
Time marke r  5 see.  

Fig. 2. Change in cha rac te r  of response of cerebra l  blood flow in par ie ta l  region to CSN 
stimulation after  blockade of adrenergic  fl r ecep tors :  a) cha rac te r  of changes in ce re -  
b ra l  blood flow in response  to CSN stimulation; b) 5 min after ,  c) 15 min after,  d) 45 min 
after ,  e) 1 h af ter ,  and f) 2 h after  injection of propranolol .  F r o m  top to bottom: ar ter ia l  
p r e s su re ,  par ie tal  cor t ica l  blood flow on side of CSN stimulation, blood flow in s y m m e t -  
r ica l  a rea  of cortex.  Vert ical  lines show beginning and end of stimulation. T ime  marke r  
5 sec.  

1"2 rain. Prolongat ion of CSN stimulation to 15 see caused a dec rease  in the blood flow to be observed 
actually during stimulation (Fig. lb).  Accordingly,  the duration of stimulation of the nerve was increased 
to 30 sec (Fig. lc) and then to 1-2 min~ 

The experiments  showed that the response of the par ie ta l  cort ical  vesse l s  to prolonged stimulation 
(1-2 rain) of CSN developed as follows. After a ve ry  short  (10-15 sec) inc rease  in the blood flow, it fell 
below the initial level. After the end of stimulation the blood flow returned to normal  within 1-2 rain. 

The response  of the par ie ta l  cor t ical  vesse l s  to prolonged CSN stimulation was thus biphasic in 
charac ter :  The f i rs t  phase was a smal l  increase  in the blood flow, the second phase a decrease  below the 
initial level followed by gradual r ecove ry  (Figs. 2a and 3a ) .  

TMs biphasic charac te r  of the response  of the par ie ta l  cor t ica l  vesse l s  warrented an investigation of 
what factors  gave r i s e  to these effects during prolonged CSN stimulation. For  this purpose the role and 
relat ive contribution of a -  and~-adrene rg ic  s t ruc tures  in this response  were studied. 

After intravenous injection of propranolol  CSN was stimulated at an interval of 10-15 rain (under the 
same conditions) and observat ions  were  made on the charac te r  of the responses  of the cerebra l  vesse ls .  As 
the blockade of the f l -adrenergie  s t ruc tures  developed the response of the cerebra l  vesse l s  to CSN st imula-  
tion changed f rom biphasic to monophasic.  The phase of increase  disappeared 5-10 min af ter  injection of the 
blocker ,  leaving only the phase of a decrease  in the cerebra l  blood flow. The dec rease  in blood flow was 
more  marked in this case than that after  stimulation of CSIXT without the use of the blocker  (Fig. 2b-e). 

In the experiments  with blockade of the a~-adrenergie s t ruc tures  with dihydroergotoxin the response  
of the par ie tal  cort ical  ve s se l s  to repeti t ive CSN stimulation also was changed. In tMs case conversion of 
the biphasie response of the blood flow into monophasic was of the opposite charac te r .  By contras t  with the 
experiments  with blockade of the adrenergic  fl r ecep to r s ,  in these cases  only the phase  of increase  of blood 
flow remained (Fig. 2b-d). 
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Fig. 3. Change in charac te r  of response  of 
cerebra l  blood flow in par ie ta l  region to CSN 
stimulation after blockade of adrenerg ic  c~ 
recep tors .  Legend as in Fig. 2. 

Charac ter i s t ica l ly ,  2-2.5 h after  the injection of p r o -  
pranolol  or  dihydroergotoxin,  the response  of the parieta~ 
vesse l s  to stimulation of CSN became s imi lar  to the origi-  
nal biphasic response  (Fig. 2f, Fig. 3e)~ The experiments  
thus showed that adrenergic  b lockers  can be used to sub- 
divide the response of the par ie tal  cor t ical  vesse l s  to 
e lec t r ica l  stimulation of CSN into its component pa r t s :  a 
phase of increase  and a phase of dec rease  in the blood flow. 

The resul ts  showing changes in the blood flow in the 
par ie tal  region in response  to stimulation of CSN against 
the background of blockade of one or  another type of ad rener -  
gic s t ruc ture  a re  in harmony with the scheme proposed 
by Ahlquist [5]. According to this scheme,  adrenergic  c~ 
recep tors ,  which react  with catecholamines in smooth 
musc les ,  lead to vasoconst r ic t ion .  In turn, adrenergic  /3 
recep tors ,  when react ing with cateeholamines acting upon 
them, lead to relaxation of the ves se l s  and, correspondingly,  
to an increase  in the blood flow. 

The biphasic charac te r  of changes in the ce rebra l  
blood flow in response to e lec t r ica l  st imulation of CSN can 

evidently by explained by the cyclic nature of the action of biogenic amines through direct  excitation of the 
corresponding adrenergic  s t ruc tures  of the in t racrania t  vesse ls .  The beginning of CSN stimulation is ac-  
companied by liberation of catecholamines,  which also react  with adrenergic  fi receptors  (causing an in- 
c r ease  in the blood flow), but prolonged stimulation and catecholamine accumulation cause activation of ad- 
renergic  cz receptors ,  as a result  of which t hephase  of increase  in blood flow is replaced by a phase of 
d e c r e a s e .  

This hypothesis,  in the w r i t e r ' s  view, is supported by the resul ts  of pharmacological  analysis  of ef- 
fects of catecholamines on the brain  vesse l s .  Gaevoi [2] and OberdSrs te r  et al. [13], for  instance, who 
investigated the cha rac te r  of responses  of the ce rebra l  vesse l s  to var ious  doses of  adrenalin and n o r a d r e n a -  
lin, observed that the degree of vasoconst r ic t ion  depends on the doses  given. After administrat ion of 
oz adrenoblockers ,  noradrenal in  did not al ter  the lumen of the vesse l s ,  whereas  adrenalin not only did not 
constr ic t  but, on the contrary,  it actually dilated the vesse l s .  After blockade of the adrenergie  fl r ecep to r s ,  
the action of adrenalin and noradrenai in  was more  marked.  These  workers  concluded f rom their obse rva -  
tion that adrenalin in small  doses reac t s  with adrenergic/3 receptors  and in large doses  with adrenergic  
oz recep tors .  As regards  noradrenal in ,  adrenergic  fi r ecep to r s  are  slightly sensit ive whereas the ~ recep" 
tors  are  highly sensitive to it. It can accordingly be postulated that the authors cited above did not observe 
vasodilatation in response to adrenalin because the doses used were definitely g rea te r  than those capable 
of revealing the phase of interact ion with adrenergic  /3 recep tors .  The phase of decrease  in blood flow ex- 
ceeds the phase of increase  in blood flow in al l  probabili ty because  all the eateeholamines l iberated during 
CSN stimulation are  destined for the oz recep tors .  Fu r the rmore ,  some workers  [11] have concluded that the 
Vascular t e r r i to ry  of the brain is in general  a typical e~ region.  Consequently, the vasocons t r i c to r  responses  
of the vesse l s  with a decrease  in blood flow are more  marked in c h a r a c t e r .  

There  is thus reason to suppose that the biphasic charac te r  of response of the cerebra l  vesse l s  ob- 
served in these experiments  to e lect r ical  stimulation of CSN can be explained by close interaction between 
~- and f i -adrenergic  s t ruc tures .  
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