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Studies of the quantitative distribution of serotonin in the brain  of animals and man have shown that 
the hypothalamus is one of the places where its concentrat ion is highest [4, 6, 8]. The suggestion has been 
made that serotonin  may p e r f o r m  a mediator  function for the parasympathet ic  centers  of the brain  [7]. 
The l iberat ion of serotonin by the higher autonomic center  in response  to st imulation of the centra l  end 
of the divided vagus nerve has been demonstra ted experimental ly [5]. 

On these grounds the p resence  of serotoninergic  s t ruc tures  has been postulated in the hypothalamic 
region, and the present  investigation was ca r r i ed  out in an attempt to detect them. 

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

Experiments  were ca r r i ed  out on 30 rabbits with e lect rodes  implanted into the brain.  The changes 
in the serotonin concentrat ion in the central  and per ipheral  blood were studied during e lec t r ica l  s t imula-  
tion of various par ts  of the an ter ior  hypothalamus and other s t ruc tures  of the diencephalon (optic tract ,  
caudate nucleus, internal capsule,  an ter ior  commissure ,  septum pellucidum). The electrodes  were  made 
f rom Niehrome wire,  0.4 m m  thick for the cor t ical  recordings  and 0.08 mm thick for  the subcort ical  s t ruc -  
tures .  The cor t ical  e lect rodes  were introduced separately ,  about 0.8 cm apart .  The subcor t ica l  e lectrodes  
were  inser ted in pai rs ,  and the ver t ica l  distance between them was 0.5 mm. The cor t ical  e lectrodes were 
implanted in the cranial  bone epiduralty above the optic and motor  a reas  of the ce rebra l  cortex.  The 
e lect rodes  were inser ted  into the hypothalamus by means of Dell 's  modification of the Hors ley-Clark  ap- 
paratus ,  in accordance with the coordinates of Sawyer ' s  atlas [11]. The localization of the e lect rodes  in the 
subcort ical  s t ruc tures  was ver i f ied histologically at the end of the experiments .  The electrodes  were  im-  
planted 7-20 days before  the experiments  under urethane anesthesia.  

The experiments  were  conducted on unanesthetized animals,  in a fasting state,  at the same t imes of 
day. Bipolar st imulation with rhythmic pulses of e lec t r ic  cur ren t  (65 cps, 1-2 msee) was applied to the 
various s t ruc tures  of the dieneephalon. The total duration of st imulation was 30 rain, in the course  of 
which se r ies  of stimuli with a duration of 10-30 sec were applied at intervals of 1-2 rain. An electr ic  
cur rent  of threshold voltage was selected for stimulation, the minimal value causing changes in the e lec t ro -  
encephalogram (EEG) and the rhythm of the heart ,  recorded  on a "Galileo" multichannel polyphysiograph.  
The magnitude of the threshold voltage var ied in individual experiments  f rom 1.5 to 5 V. Blood samples 
for  est imation of serotonin were taken before and aftar  Stimulation of the hypothalamus and other par ts  
of the dieneephalon. Serotonin was es tmated in the blood flowing f rom the brain and in the per iphera l  
blood. The per iphera l  blood was taken f rom the marginal  vein of the ear .  The blood flowing f rom the 
bra in  was taken f rom the external  jugular vein by means of a polythene cannula introduced under local 
anesthesia into the anter ior  facial  vein is such a way that its end lay at the junction of the anter ior  and 
pos t e r io r  facial  veins, the la t ter  receiving blood draining f rom the brain.  Stimulation of the hypothalamus 
began 1.0-1.5 h after  this procedure .  Serotonin was determined in acetone extracts  of the blood by a bio" 
logical test [9] on the isolated albino r a t ' s  colon, the contractions of which were recorded  on a kymograph.  

Serotonin creatinine sulfate (GEE Lawson Chemicals) was used as the s tandard solution. Two s tan-  
dard solutions of serotonin were prepared:  I (0.1 pg/ml) and II (1 pg/ml) .  
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Increase  in the serotonin concentrat ion in the blood flowing f rom 
the brain  of rabbit  No. 183 following e lec t r ica l  s t imulat ion of the 
hypothalamus.  1) Changes in the EEG and ECG following s t imula-  
tion of the medial  preopt ic  region of the hypothalamus.  F r o m  
top to bottom: time m a r k e r  (1 see); EEG of the right motor ,  r ight  
occipital ,  and left motor  regiol~s of the cortex; EGG, m a r k e r  of 
st imulation (an upward deflection of the Iine cor responds  to the 
per iod of e lec t r ica l  s t imulat ion of the hypo tha l amus -65  cps, 3 
msec ,  1.5 V); II) localization of e lectrodes  in the prepara t ion  
and eorrespondiug scheme in accordance  with Sawyer ' s  atlas 
(black spot); t r ansver se  sect ion through the brain  at a distance 
of 3 m m  anter ior ly  to the coronal  suture; LPR) la tera l  preopt ic  
region; MPR) medial preoptic  region; II1) graphic i l lustrat ion 
of the serotonin concentrat ion in the central  blood before  and 
after  st imulation of the hypothalamus.  Scale: 1 cm is equivalent 
to 4 #g serotonin.  

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

In the rabbits with implanted e lec t rodes ,  before st imulation of the brain  s t ruc tures  mentioned above 
the mean ser tonin concentrat ion in the central  blood was 4.63 ~g/ml,  compared  with a mean concentrat ion 
of 5.42 #g/ml  in the per iphera l  blood. In some experiments  this difference was less marked  or  absent. 

Stimulation of the var ious  par t s  of the anter ior  hypothalamus, giving an activation react ion on the 
EEG charac te r i s t i c  of cor t ical  excitation [1-3], was accompanied by changes in the serotonin concent ra-  
tion in both the central  and the per iphera l  blood, differing in charac te r .  In 15 of the 21 rabbits with e lec-  
trodes implanted in the an ter ior  s t ruc tu res  of the hypothalamus (the medial  preopt ic  region, the supraoptic 
nucleus, the an ter ior  hypothalamic region, the ven t ro-  and dorso-media l  nuclei) th i s  st imulation caused 
a mean increase  of 48.3% in the serotonin concentrat ion in the blood flowing f rom the brain.  The increase  
in serotonin was par t i cu la r ly  marked  following stimulation of the ,medial preopt ic  region and the vent ro-  
medial  nucleus of the hypothalamus.  Only in two animals with e lec t rodes  implanted in the ven t ro -  and 
dorso-media l  nuclei of the hypothalamus was e lect r ical  stimulation not followed by an appreciable changes 
in the serotonin cencentrat ion in the blood flowing f rom the brain.  In the remaining 4 rabbits ,  st imulation 
of the hypothalamus (anterior par t  of the vent ro-media l  nucleus and the medial preoptic  region) was ac-  
companied by a decrease  in the serotonin concentrat ion in the blood flowing f rom the brain.  

In the per iphera l  blood the serotonin concentrat ion in most  cases  fell on the average  by 28.7% after  
st imulation of the an ter ior  s t ruc tu res  of the hypothalamus. The exceptions were rabbits  with e lectrodes  
implanted in the an te ro - l a t e ra l  region and the dorso-media l  ~ucleus. Stimulation of these par t s  of the 
hypothalamus led to a slight inc rease  in the serotonin concentrat ion in the per iphera l  blood. 
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In two cases  (electrodes situated in the anter ior  hypothalamic region and the ventro-media l  nucleus) 
no changes were found in the serotonin concentrat ion in the per iphera l  blood. 

The resul ts  of an exper iment  on rabbit  No. 183, in which the medial preoptie region of the hypothal-  
amus was stimulated,  a re  i l lus t ra ted in the f igure.  

Stimulation of this par t  of the hypothalamus, giving r i se  to an activation react ion on the EEG (see 
Figure,  I), was accompanied by an increase  in the serotonin concentrat ion in the blood flowing f rom the 
bra in  (see Figure,  III). 

Stimulation of cer ta in  s t ruc tures  of the anter ior  hypothalamus (the medial preoptic region, the 
supraoptic nucleus, the an te ro- la te ra l  region, the ventro-  and dorso-media l  nuclei of the hypothalamus) 
in unanesthetized rabbits by an e lectr ic  cur ren t  with the pa ramete r s  indicated above thus caused an in- 
c rease  in the serotonin  concentrat ion in the blood flowing f rom the brain,  whereas  in the per iphera l  blood 
the changes in serotonin were inconsistent.  

Following st imulation of other s t ruc tures  in 9 control rabbits (caudate nucleus, internal capsule, 
anter ior  commissure ,  region of the septum pellucidum) no increase  in the serotonin concentrat ion in the 
centra l  blood was observed in any of the experiments .  In two rabbits with e lectrodes  implanted in the 
optic t rac t  no changes in the serotonin concentrat ion of the blood could be detected after  st imulation of 
this region. In the remaining cases  a very  slight decrease  in the serotonin concentrat ion was observed in 
the blood flowing f rom the brain.  

Both a decrease  and an increase  in the serotonin concentrat ion in the per iphera l  blood was observed 
in the control animals af ter  st imulation. In two cases  no changes were found in the serotonin concentrat ion 
in the per ipheral  blood. 

In 6 experiments  the blood serotonin concentrat ion was investigated in animals receiving reserpine 
during the previous four days an in t ramuscular  injections of Rausedil in a dose of 0.4 mg/kg  ("Gedeon 
Richter ,"  Hungary). The resul ts  of these experiments showed that no serotonin was p resen t  in the blood 
of these animals.  Stimulation of the s t ruc tures  of the anter ior  hypothalamus, usually accompanied by an 
increase  in the serotonin concentrat ion in the blood (antero- la teral  region, anter ior  hypothalamic region, 
vent ro-media l  nucleus) in these animals led to the appearance of serotonin in neither the central  nor the 
per iphera l  blood. 

The resul ts  descr ibed demonstra te  that the anter ior  hypothalamus contains s t ruc tures ,  st imulation 
of which causes an inc rease  in the serotonin concentrat ion in the blood flowing f rom the brain.  The fact  
that the serotonin concentrat ion in the per iphera l  blood in these c i rcumstances  showed a slight decrease  
or  no change demonstra tes  that the increase  in the concentrat ion of this compound in the blood flowing 
f rom the brain was not due to its per iphera l  formation by the enterochromaff in  cel ls .  

The absence of an increase  in the serotonin concentrat ion in the central  blood under the influence of 
st imulation of the anter ior  hypothalamus in rabbits following pre l iminary  administrat ion of reserp ine  may 
evidently be attr ibuted to the p re l iminary  removal  of the serotonin f rom the serotoniner~ic  s t ruc tures  of 
the brain  under the influence of reserp ine ,  a phenomenon descr ibed by other authors [10, 12]. 
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