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The effect of serotonin on the c e r e b r a l  c i rculat ion has rece ived  inadequate study. 

Whereas some workers  [8-10] have descr ibed the vasocons t r i c to r  effect of serotonin,  others  [11] in 
mos t  cases  observed dilatation of the blood vesse ls  of the bra in  under the influence of this drug.  Data 
relat ing to the effect of serotonin on the oxygen tension is the bra in  t issues are  also cont rad ic tory  [4, 5,7]. 

In the present  investigation the effect of serotonin on the circulat ion and pO 2 in the brain  t issues was 
studied by a combination of two methods:  thermoelec t r ic  and polarographic .  

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

Exper iments  were  ca r r i ed  out on 58 cats anesthet ized with urethane (1 g /kg) .  The volume veloci ty 
of the blood flow was studied by a thermoelec t r ic  method [3] and pO 2 by a polarographic  method [6]. 

Elec t rodes  were  introduced by means of a s tereotaxic  apparatus into the cor tex  of the occipital  and 
par ietal  lobes, and also into the meseneephal ic  re t i cu la r  format ion in the region of the nucleus re t icu lar i s  
tegmental is .  Serotonin was injected intravenously,  in t ramuscular ly ,  and intraperi toneal ly  in doses of 
between 50 and 10 m g / k g .  The changes in the volume veloci ty of the blood flow and pO 2 were  compared  
with changes In the sys temic  a r t e r i a l  p r e s su re .  The volume veloci ty  of the blood flow and pO 2 were  
expressed  percentages  of their  initial level. 

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

Intravenous injection of serotonin in doses of 50 and 100 # g / k g  always caused a dec rease  of the 
sys temic  a r t e r i a l  p re s su re ,  the volume veloci ty of the blood flow and pO 2 in the t issues of all regions of 
the brain  studied (Fig. 1, a, b). The genera l  a r t e r ia l  p r e s su re  was lowered by 40-80 %, and as a rule it 
was r e s to red  in the course  of 8-20 rain. 

In the cor tex  of the occipital  lobe the veloci ty of the blood flow was reduced by 70-90% under the 
influence of serotonin .  The dec rease  continued for  9-11 rain. In the par ie tal  cor tex  the blood flow was 
reduced by 24-80%. This effect lasted 1-10 rain. In the mesencephal ic  re t icu la r  format ion the decrease  
in the volume veloci ty of the blood flow was less marked,  but more  prolonged than the changes in the 
blood flow in the ce reb ra l  cortex.  The blood flow in the region of the nucleus re t icu lar i s  tegmental is  was 
reduced by 18-50% and was r e s to red  after  7-20 min. In 4 of the 7 animals res tora t ion  of the blood flow 
did not take :place dur ing  observat ions for  30 min. Sometimes af ter  a dec rease  in the volume veloci ty of 
the blood flow caused by intravenous injection of serotonin,  a phase of increased blood flow was observed.  
When the effect of serotonin on the circulat ion in the par ie ta l  cor tex  was studied, in 3 of 18 animals the 
pre l iminary  fall  in blood flow was followed by an increase  in its value by 11-45%, lasting 2-18 min, and 
this increase  in the c e r e b r a l  blood flow took place against  the background of continuing a r t e r i a l  hypo- 
tension. In two animals the blood flow was not r e s to red  to its original  level, and in another two the r e -  
s torat ion was incomplete.  

After  intravenous injection of serotonin,  in all cases  the value of pO 2 was reduced (Fig. 1, a, b). In 
the occipital  cor tex  the value of pO 2 fell  by 45-90%, re turning to its initial level af ter  4-8 min. In the 
par ie ta l  cor tex,  pO 2 fell  by 22-83% in the course  of 1-8 rain. In the mesencephal ic  re t icu la r  format ion  
pO2 fell  by 30-40%. In two of five animals the initial level of pO 2 was not r e s to red  during observat ion for  
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Fig. 1. Effect  of intravenous injection of serotonin  
on ve loc i ty  of blood flow and pO 2 in b ra in  t i s sues .  
a) Occipi ta l  cor tex ;  b) pa r i e t a l  co r tex .  Top c u r v e -  
ve loc i ty  of blood flow, midd le -pO2,  b o t t o m - g e n e r a l  
a r t e r i a l  p r e s s u r e .  

a b c 

Fig.  2. Effect  of in t raper i tonea l  injection of s e r o -  
tonin on ve loc i ty  of blood flow and pO 2 in t i s sues  of 
the pa r i e ta l  lobe. Significance of curves  as inFig .  1. 

a b 

Fig.  3. Effect  of intravenous injection of serotonin  
on ve loc i ty  of blood flow and pO 2 in t i s sues  of the 
pa r i e ta l  co r t ex  of a t ropinized (a) and vagotomized  
(b) ca t s .  Significance of cu rves  as in Fig.  1. 

30 min,  and in th ree  an imals  the d e c r e a s e  in 
pO 2 continued fo r  7-20 min.  In some  cases  
the d e c r e a s e  of pO 2 was followed by a phase  of 
i nc rea se .  Somet imes  pO 2 was not r e s t o r e d  fo r  
a long t ime;  this was obse rved  m o r e  commonly  

�9 in the mesencepha l i c  r e t i cu l a r  fo rmat ion .  In 
the pa r i e t a l  co r tex ,  in f ive of th i r teen  animals  
a f t e r  the d e c r e a s e  of pO 2 it  was  inc reased  by 
20-60% fo r  4-7 min; the i nc r ea se  of pO 2 took 
p lace  aga ins t  the background of continuing 
a r t e r i a l  hypotension.  In th ree  of f ive  an imals  
pO 2 inc reased  pa ra l l e  ! to the i nc r ea se  in the 
blood flow. In two of th i r teen  an imals  the 
or ig ina l  level  of pO 2 was not r e s t o r e d  during 
observa t ion  fo r  30 min.  

I n t r a m u s c u l a r  and in t raper i tonea l  in jec -  
tion of sero tonin  in doses  of 1.5 and 10 m g / k g  
caused  a gradual ly  inc reas ing  r i s e  in the volume 
ve loc i ty  of the blood flow and in pO 2 in the bra in  
t i s sues ,  and a sma l l  d e c r e a s e  in the genera l  
a r t e r i a l  p r e s s u r e  ~(Fig. 2, a). In individual 
expe r imen t s  a f t e r  in t raper i tonea l  injection of 
se ro tonin  in a dose of 1 m g / k g  a t r ans ien t  in-  
c r e a s e  of a r t e r i a l  p r e s s u r e  (by 19~ of the 
volume ve loc i ty  of the blood flow (by 15%), and 
of pO 2 (by 4%) was observed ,  followed by a de -  
c r e a s e  in the blood flow by 35% and in pO 2 by 12% 
(Fig. 2, b). The volume veloci ty  of the blood 
flow and pO 2 fe l l  agains t  the background of r e -  
c o v e r y  of the a r t e r i a l  p r e s s u r e .  In one e x p e r i -  
ment  (cat No. 181, in t raper i tonea l  injection of 
sero tonin  in a dose of 5 m g / k g  caused  p r a c t i -  
ca l ly  no change of a r t e r i a l  p r e s s u r e ,  whereas  
the volume of blood flow and pO 2 in the b ra in  
t i s sues  fe l l  by 56 and 62% re spec t i ve ly  (Fig. 2c). 

To s tudy the ro le  of the a r t e r i a l  hypo-  
tension a r i s ing  under  the influence of in t raven-  

ous injection of se ro tonin  in the reduct ion in the volume veloc i ty  of the blood flow and pO 2 in the b ra in  
t i s sues ,  exper imen t s  w e r e  c a r r i e d  out in which the vagus ne rves  w e r e  blocked by vagotomy or  by i n t r a -  
venous injection of a t ropine  in a dose  of 2 m g / k g .  Int ravenous injection of sero tonin  in a dose of 5 0 p g / k g  
into a t ropin ized  an imals  caused  d i s s i m i l a r  changes in a r t e r i a l  p r e s s u r e ,  volume veloc i ty  of blood flow, 
and pO 2 in the t i s sues  of the par ie ta l  cor tex .  In 4 of 6 an imals  the ve loc i ty  of the blood flow was reduced  
by  approx ima te ly  the s a m e  degree  as in unatropinized an imals .  In two cats  an i nc rea se  in the blood flow 
by 13 and 28%, las t ing 1 and 3 rain, was obse rved  and was accompanied  by a para l le l ,  t r ans i en t  i nc r ea se  
of a r t e r i a l  p r e s s u r e  by  18 and 20%. However ,  the level  of pO 2 in these  an imals ,  a f t e r  a t r ans i en t  i nc r ea se  
by 5 and 20%, fe l l  cons iderab ly  (by 23 and 83%) (Fig. 3, a). 

In t ravenous  injection of sero tonin  in a dose  of 50 g g / k g  into an imals  with divided vagus ne rves  
a lso  c a u s e d d i s s i m i l a r e h a n g e s .  In s ix  of th i r teen  animals  the vo lume veloci ty  of blood flow and the level  
of pO 2 fel l .  The  a r t e r i a l  p r e s s u r e  was lowered in four  of  s ix  c a s e s ,  while in two ca se s  it showed biphasic  
changes .  In th ree  of th i r teen  vagotomized  an imals  serotonin  caused  an i nc r ea se  in the volume veloc i ty  of 
the blood flow by 33-66%, las t ing 2-4 rain (Fig. 3, bL The a r t e r i a l  p r e s s u r e  of these  an imals  r o s e  in one 
ca se ,  and showed biphasic  changes in two. In four  vagotomized  an imals ,b iphas ic  changes in the c e r e b r a l  
blood flow w e r e  obse rved ,  genera l ly  speak ing ,cor responding  to the change in a r t e r i a l  p r e s s u r e .  
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Under the influence of intravenous injection of serotonin into vagotomized animals ,  the pO 2 level in 
the bra in  t issues  fell  in all  cases  by 10-80%, and a fall  in this index was observed even when the blood 
flow in the cor tex  was increased  (Fig. 3, b). In other words,  in atropinized and vagotomized animals the 
increas  e in volume veloci ty of blood flow under the influence of s erotonin took plac e only when the a r t e r i a l  
p r e s s u r e  was increased  or  when the phase of increased  p r e s s u r e  was predominant .  In no case  was an in- 
c r e a s e  in blood flow observed  when the a r t e r i a l  p r e s s u r e  was lowered. Conversely,  in some  experiments  
(eat no. 28) biphasic changes in the blood flow took place under the influence of serotonin,  with marked 
predominance of the phase of decrease ,  whereas  the a r t e r i a l  p r e s s u r e  rose .  The value of pO 2 fell  in all 
c a se s ,  even when the c e r e b r a l  blood flow was increased .  

Hence, in experiments  on ca ts , sero tonin  caused a dec rease  in the volume veloci ty  of the blood flow 
and pO 2 in the bra in  t i ssues .  Evidently the mechanism of these changes is highly complex.  They may be 
cons idered  as being associa ted  with the Bezo ld - J a r i s ch  ref lex evoked by intravenous injection of serotonin.  
In these conditions the p r e s s u r e  at which blood is pumped into the brain  vesse ls  is reduced,  and the oxy-  
genation of the blood may also be reduced.  

However,  it is i ncor rec t  to at tr ibute the dec rease  in volume velocity of the blood flow and in pO 2 
ent i re ly to the Bezo ld - J a r i s ch  reflex.  Exper iments  with int raper i toneal  and in t ramuscu la r  injection of 
serotonin,  when in some cases  the blood flow and pO 2 level fell  independently of changes in the a r t e r i a l  
p r e s s u r e  (Fig. 2, c), suggest  that serotonin may also ac t  d i rect ly  on the brain vessels ,  reducing the volume 
veloci ty of the blood flow in them and, consequently,  lowering pO 2 in the brain  t i ssues .  Experiments  on 
atropinized and vagotomized cats ,  in which a dec rease  of pO2was observed in the conditions of an increased  
blood flow (Fig. 3) ,suggest  that serotonin acts d i rec t ly  on the brain  t issues ,  lowering the oxygen c o n c e n -  
t ra t ion in them. 

It is difficult to explain the origin of the second wave of increase  in the volume veloci ty of the blood 
flow and pO 2 which somet imes  was observed af ter  the phase of decrease .  The wave of inc rease  of blood 
flow and pO 2 possibly depends on dilatation of the brain vesse l s  ar is ing as a react ion to a r t e r i a l  hypo-  
tension. In the opinion of some invest igators  [1, 2], a dec rease  of a r t e r i a l  p re s su re ,  r ega rd less  of its 
cause,  leads to dilatation of the brain  vesse l s .  A less probable suggestion is that the second wave of in- 
c r e a s e  of the blood flow and pO 2 is a phase of d i rec t  action of serotonin on the c e r e b r a l  c i rculat ion.  The 
s t ronges t  evidence against  this view is that the phase of increase  of blood flow and pO 2 was not often ob-  
served ,  whereas  the phase of dec rease  was observed in every  case .  

Hence, the dec rease  in volume veloci ty  of the blood flow and in pO 2 in the brain  t issues produced 
by serotonin is evidently assoc ia ted  with the influence of the drug on seve ra l  links in the chain of r egu la -  
tion of the c e r e b r a l  c irculat ion,  namely  with a dec rease  in the blood flow to the brain  associa ted  with a de-  
c r e a s e  of a r t e r i a l  p res su re ,  and with the d i rec t  effect of serotonin on the brain vesse ls  and a decrease  in 
the volume veloci ty of the blood flow in them. In addition, serotonin may possibly have a d i rec t  influence 
on bra in  t i ssues ,  lowering the oxygen concentrat ion in them. 
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