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The role of the hypothalamie  region in the regulat ion of cardiac  ac t iv i ty  and vascular tone has been the sub- 
j ec t  of many investigations [3, 6, 9, 11, 12, 16]. Experimental  s t imulat ion of the hypothalamus has shown that  reac-  
tions of sympathet ic  type (increased blood pressure, increase of the heart rate) are most frequently e l i c i t ed  from its 
posterior portion, and of parasympathet ic  type (a fal l  in blood pressure and slowing of the heart  rate) from the an- 
terior portion. Nearty al l  these investigations have been conducted in animals under anesthesia and in acute  exper i -  
mental  conditions. However,anesthesia has a marked effect on the normal ac t iv i ty  of the central  nervous system and 
cardiovascular  apparatus [13]. The only observations made on unanesthet ized dogs under chronic exper imenta l  con- 
ditions are those of Rushmer and co-workers [14], who found an increase in the strength and frequency of the card iac  
contractions and an increase in the pressure inside the lef t  ventr ic le .  No investigations of the vascular  system, es- 
pec ia l ly  of the changes in blood pressure, during st imulat ion of the hypothalamus have been carried out because of 
the diff icul ty in recording this index in waking, unanesthetized animals.  

The results of experiments involving extirpation or destruction of the hypothalamus are contradictory.  Some 
investigators found no changes in the act ivi ty  of the cardiovascular system after removal  of the hypothalamus in 
acute experiments [7, 8], while others, studying the problem in chronic exper imenta l  conditions, found defini te  
disturbances in the vascular system and heart  of the animals [10, 15]. These differences were evident ly  not  ent i re ly  
at t r ibutable to the effects of anesthesia, but also to the duration of the observations. 

In previous investigations [4, 5], in acute exper imenta l  conditions, we observed an increase in ar ter ia l  pressure 
by 20-80 mm and an increase in the heart  rate  by 10--50 bea t s /min  during s t imulat ion of the posterior hypothalamus 
and a fal l  in ar ter ial  pressure of 20-60 mm,  sometimes accompanied  by a slowing of the pulse by 8-30 bea t s / ra in ,  
during st imulat ion of the anterior hypothalamus. It was interesting to discover the nature of these relationships in 
unanesthetized animals.  In the present investigation we studied the effects of s t imulat ing various parts of the hypo- 
thalamus on the ar ter ia l  pressure and the hear t  rate  in the course of chronic experiments on waking animals .  

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

Experiments were carried out on 5 dogs. In 2 animals electrodes were implanted  into the midd le  and posterior 
portions of the hypothalamus,  using the method of Bogach and Kosenko [1] with an approach through the t empora l  
region,  and in the other 3 animals they were implanted  into the anterior hypothalamus using a transoral approach.  

The act ive e lect rode,  0.1 mm in d iameter ,  was insulated throughout its length except  at the end, so that  its s t im-  
ulat ing surface did not exceed 0.1 mm 2 in area. The indifferent e lec t rode ,  20 cm 2 in area, was appI ied  to the 
shaven skin of the forehead. Unipolar s t imulat ion was carried out with a sinusoidal current from a type ZG-1  audio-  
frequency generator,  with a frequency of 50 cps, a strength of 0.05-2.0 mA and a vol tage of 0.4-6 V. The durat ion 
of s t imulat ion was 15-60 see. The pressure was recorded in the carotid artery,  exter ior ized in a skin flap. Since 
aU the methods of prolonged bloodless recording of the pressure that  were tr ied show only the charac ter  and d i rec-  
tion of the react ion,  and give no idea of its magnitude,  we recorded the ar ter ia l  pressure di rect ly  by puncture of  the 
carotid artery where i t  lay in the skin flap. In 2 dogs the pressure was recorded in a subcutaneous artery on the 
media l  aspect of the knee jo int  by Pavlov's method [2]. The arter ial  pressure was recorded by a membrane  manom-  
eter.  During the exper iment  the dog was strapped to an ordinary frame. The position of the e lectrodes was verif ied 
roentgenographical ly and in his tological  sections of the brain at the end of the experiments.  
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Changes in Arterial Pressure and Heart Rate during Stimulation of Various Parts of the Hypothalamus 
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Site of stimulation 

Between mamil lary  

bodies . . . . . . . . .  
The same . . . . . . . .  
Posterior part of tuber 

c inereum , . . . . . .  

Lateral part of tuber 

cinereum . . . . . . .  
Lateral mamil lary body 

Between mamil lary  

bodies . . . . . . . . .  

The same . . . . . . . .  

Paraventrieular nucleus 

Anterior supraoptic 

nucleus . . . . . . . .  

Paraventricular nucleus 

The same . . . . . . . .  

Medially to anterior 

supraoptie nucleus , 

Laterally to paraven- 
tricular nucleus . . . 

The same . . . . . . . .  
Posterior supraoptic 

nucleus . . . . . . . .  
The same . . . . . . . .  

Accompanying reactions 

Upward lifting of head 
Constriction of pupils 

Strengthening of respiration, 

weak motor restlessness 

Constriction of pupils, 

yelping 

Twitching of neck and head 

Absence of motor reactions 
Dog paws with ins forelimbs 

Licks itself 
Movement of head, sniffs 

and urinates 

Constriction of pupils, 

restlessness 
Turning head to the side 

Motor restlessness, yelping 

Constriction of pupils, 

sniffing. 
Urination 

Chewing, urination 

Dilatation of pupils, defeca- 
tion 

EXPERIMENTAL RESULTS 

In 2 dogs electrodes were applied to the middle and posterior parts of the hypothalamus and to the region of 

the tuber cinerenm and the mamil lary bodies. In both animals threshold st imulation as a rule caused an increase in 
arterial pressure and in the heart rate (see table, dogs Nos. 1 and 2). The arterial pressure began to rise 2-4 sec after 

the beginning of stimulation and returned to normal quickly after its end; during stimulation i t  rose by 20-40 mm 
(Fig. 1). With stronger stimulation (0.5-2.0 mA) the pressure sometimes rose by 60 mm or more, and then its return 
to its ini t ia l  level after the end of stimulation was considerably protracted. In 24% of eases the arterial pressure was 

unchanged in these dogs in response to st imulation of the hypothalamus. 

It was far more difficult to obtain a fall in arterial pressure during stimulation of the anterior hypothalamus 
than a pressor reaction of the posterior hypothalamus. Of the 8 animals in which electrodes were implanted into the 

region of the supraoptie and paraventricular nuclei  (see table, dogs Nos. 3, 4, and 5), only in one was a clear depres- 
sor reaction to st imulation observed (Fig. 2, A). In the other cases st imulation of the anterior hypothalamus caused 
insignificant fluctuations of arterial pressure, which sometimes fell after st imulation had ended (Fig. 2, B). It should 
be noted that a depressor reaction could not be elicited in dog No. 5 (see Fig. 2, A) in every experiment. On some 
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Fig. 1. Elevation of ar ter ia l  pressure in dog No. 2 
during st imulat ion of posterior hypothalamus. Tracing 
of pressure in carotid artery. Electrode 4 situated 
between mamil la ry  bodies, in the/r caudal  part. Cur- 
rent strength 0.2 mA, vol tage 5 V. Signif icance of 
curves (from top to bottom) here and in other figures: 
arterial  pressure, s t imulat ion marker,  t ime marker 
(15 see). 

Fig. 2. Effect of s t imulat ion of anterior hypothalamus on 
arterial  pressure. Recording from subcutaneous artery of 
knee joint .  A) dog No. 5; electrode 1 in region of left  
paraventricular nucleus; strength of current 0.007 mA, 
voltage 3 V; /3) dog No. 4; electrode 1 in region of right 
paraventr ieular  nucleus; current 0.4 mA, voltage 5 V. 

days st imulat ion of the same region of the hypothalamus 
caused no changes in arterial  pressure, probably as a result 
of changes in the functional state of the an imal  not taken 

into consideration. 

With an increase in the strength of s t imulat ion of the 

anterior part of the hypothalamus pressor react ions may  
arise, sometimes fairly considerable in degree (Fig. 3). An 

increase in the strength of the current during unipolar  s t im-  
ulation was accompanied  by an increase in the area of the 
exci ted region of the brain around the e lec t rode .  In several  
of our experiments s t imulat ion of two neighboring areas of 
the hypothalamus with 2 electrodes si tuated not more than 
2 mm apart  caused different reactions.  It may therefore 
be concluded that  unipolar s t imulat ion with a current of 
1-2 mA stimulates an area of the hypothalamus within a 
radius of 2 mm around the e lec t rode  and that the pressor 

effect during such s t imulat ion is due to exc i t a t ion  of the 
pressor e lements  found in the anterior hypothalamus and 
not to the spreading of loops of current to the posterior 
hypothalamus. 

St imulat ion of the posterior part of  the hypothalamus 
caused an increase in the heart  rate  by 16-40 ( somet imes  
by 60) beats per minute.  During s t imulat ion of the anterior  
part of the hypothalamus a smal ler  increase in the heart  
rate (by 12-20 beats per minute) was usually observed; in 
some cases the heart  rate was unchanged, and only in 
isolated experiments was a very slight slowing of the pulse 
observed - by 4-8  beats per minute.  The absence of  a 

para l le l  between the character  and magni tude of the changes 
in ar ter ial  pressure and in the heart  ra te ,  also observed in 
our previous acute experiments [4], was a noteworthy fea-  
ture. 

During st imulat ion of the hypothalamus,  besides 
changes in the arterial  pressure and heart  ra te ,  other auto-  
nomic and somatic  reactions also were observed: constr ic-  
tion or di latat ion of the pupils, changes in respirat ion,  snif- 
ring, l icking,  chewing movements,  chat ter ing the tee th ,  
turning the head, and so on. Stronger s t imulat ion caused, 
besides the above, urination, defecat ion with corresponding 

changes in the position of the body, and genera l ized  motor  
restlessness. In several experiments we observed only 
changes in the arterial  pressure and heart  ra te ,  without any 
other visible reactions,  and in some exper iments ,  in the 
absence of changes affecting the cardiovascular  system, 
various autonomic and somatic  reactions were recorded.  
It may therefore be postulated that the motor react ions  
arising during st imulat ion of the hypothalamus are not  the 
cause of the changes in ar ter ia l  pressure (with ma in tenance  
of constance of the manometer  levels and of the condi t ion 
of the blood vessel to be tested), but are mere ly  some-  
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Fig. 3. Effect of strong stimulation 
of the anterior hypothalamus on 
arterial pressure in dog No. 5. Record- 
ing made in subcutaneous artery of the 
knee joint. Electrode 2 in the region 
of the posterior supraoptic nucleus; 

times coexistent; the effect observed during stimulation should probably 
be regarded as the result of simultaneous excitation of different groups of 
nerve cells, connected by certain quantitative relationships. In response 
to threshold stimulation a minimal number of specialized reactions may 
be obtained, whereas in response to stronger stimulation a whole series of 
autonomic and somatic reactions is observed. 

The main difference between the results of the acute and chronic 
experiments is the less frequent manifestation of depressor responses in 
chronic experimental conditions, and it may be attributed to the absence 
of the anesthetic effect. Further investigation is required in order to deter- 
mine why anesthesia does not affect the manifestation of the pressor, but 
only of the depressor reactions. No chronic changes were observed in the 
cardiovascular system of the experimental animals during the period of 
observation (from 10 to 40 days after insertion of the electrodes). 

The investigation confirmed the results obtained in acute experi- 
menu: stimulation of the posterior part of the hypothalamus usually caused 
a marked rise in arterial pressure and an increase in the pulse rate, while 
stimulation of the anterior part led to a fall in arterial pressure, although 
less often than in the acute experiments. 

SUMMARY 

In chronic experiments on waking unanesthetized dogs a study was 
made of the effect produced by stimulating various portions of the hypo- 
thalamus on the blood pressure and the frequency of cardiac contractions. 

strength of current 1.2 mA, voltage 5 V. Blood pressure was recorded in the coronary artery or in the subcutaneous 

artery of the knee joint. As demonstrated, stimulation of the posterior hypothalamns (caudal portion of the tuber 
cinereum and of the mamillary body) increased the blood pressure by 20-40 mm Hg, whereas stimulation of the an- 
terior hypothalamns (the area of the supraoptic and paraventricular nuclei) decreased the pressure in a number of 
cases by 10-20 mm Hg. The frequency of cardiac contraction usually increased by 10-14 (at times by 60 beats) per 
minute; the rise in response to stimulation of the anterior hypothalamus was less pronounced. In individuaI cases 
there was an insignificant deceleration of the cardiac rhythm by 4-8 contractions pet minute. Other autonomic and 
somatic reactions often accompanied the blood pressure and pulse changes, i,e., the pupil size changes, those of 
respiration, of the smelling reaction, licking, urination ,defecation, general motor excitation, etc. 
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