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The character of the influence of the hypothalamus on the secretion of saliva in normal conditions and after 
frontal lobectomy and the paths of transmission of these influences on the secretory activity of the salivary glands 
have been studied previously [3, 4, 6]. In these investigations we stimulated various parts of the hypothalamus with 
an eteclrie current of optimal frequency and minimal strength. An alternating sinusoidal current and a stream of 
rectangular pulses were used. Since the strength, frequency, and duration of the current, and also its other charac- 
teristics have a significant bearing on the reactions of the digestive apparatus to stimulation of the hypothalamus, it 
was necessary to study bow the salivary glands would react to stimulation of the hypothalamus with a sinusoidal cur- 
rent and a stream of rectangular pulses differing in frequency and strength. These problems are important, not only 
for the technical aspect of the investigations, but also to elucidate certain properties of the structures of the hypo- 
thalamus and their sensitivity to electric currents possessing different characteristics. 

The present paper describes the results of a study of the secretory reactions of the salivary glands duringstimu- 
lotion of the hypothalamus by a stream of rectangular pulses and a sinusoidal current, and their dependence on the 
frequency, the strength, and the duration of action of the stimulating current. 

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

Investigations were made in the course of a chronic experiment on 9 dogs in which the common duets of the 
mixed salivary glands were exteriorized by the Pavlov-Glinskii method and multipolar electrodes implanted into 
the hypothalamic region. 

The technique of implantation of electrodes into the hypothalamic region was described in previous papers 
[1, 2]. The essence of it is that multipolar electrodes, mounted in a thin horseshoe-shaped plate made of plexiglass 
or thin motion picture film (after removal of the emulsion), are applied to the hypothalamic region around the 
pedicle of the hypophysis (anteriorly or posteriorly to it) through a burr hole in the temporal bone. The plexiglass 
block with the pins for connecting the stimulating current was fixed to the frontal bone by means of a specially con- 
structed attachment. The investigations were carried out on dogs with 4- and 6-pole electrodes implanted into the 
various parts of the hypothalamic region. The position of the electrodes was verified after the operation roentgeno- 
graphically and maeroscopically in sections of the hypothalamus. 

The various parts of the hypothalamus were stimulated for 3-5 min by an electric current from a stimulator 
generating rectangular pulses with frequencies of between 6 and 300 pulses/see (duration of pulse 0.2 millisee, 
voltage 0.7-0.8 V) or with a sinusoidal current from a type ZG-10 audiofrequency generator, with frequencies of  
between 20 and 200 cps and a strength of between 0.1 and I mA, Bipolar and unipolar stimulation of the hypothal-  
amus were used. 

The saliva secreted during definite time intervals (1, 3, and 5 min) by the mixed salivary glands during and 
after stimulation of the hypothalamus was collected in separate portions. The volume of saliva was measured and 
its refractive index and content of solid residue and of organic and inorganic matter determined. The refractive 
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Fig. 1, Secretion of saliva by mixed glands in the 
dog Tikhi i  during prolonged (12 min) s t imulat ion 

of the hypothalamns at the level  of the infundi- 
bulurn (middle  electrodes) with a stream of rec-  

tangular pulses (0.2 mi l l i sec ,  0.7 V, 40 pulses 
per see)~ Experiment on March 21, 1960. 
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Fig. 2. Secretion of saliva by mixed glands in the 
dog Tikhi i  during prolonged (10 min) st imulat ion 
of the hypothalamus (a t  the level  of the indibulum) 
with a sinnsoidal current (0.1 mA, 40 eps). 
Experiment on March 14, 1960. 

index was determined in a type RLU refractometer  at a constant temperature of 20". During st imulat ion of the hypo- 
thalamus observations also were made on the animal ' s  behavioral reactions, the reactions of its pupils, defecat ion,  
urination, and so on. 

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

Stimulat ion of different parts of the hypothalamus with a sinusoidal e lec t r ic  current and with a stream of rec-  

tangular pulses caused salivation,  which ceased after st imulation was discontinued. The volume of saliva secreted 
in these conditions and the rate  of secretion varied with the part of the hypothalamus st imulated.  The greatest in- 

tensity of sal ivat ion was observed during st imulat ion of the anterior and middle  parts of the hypothalamus. During 
s t imulat ion of the posterior part of the hypothalamus much less saliva was secreted. The percentage of solid residue 
and of organic mat ter  and also the refractive index increased in most experiments with an increase in the intensity 
of sal ivation.  No significant change took p lace  in the concentration of inorganic substances under these c i rcum- 
stances. 

Unipolar and bipolar st imulation of one side (right or left) of the hypothalamns caused greater salivation from 
the gland situated on the ipsi lateral  side. St imulat ion of the side of the hypothalamus opposite to the gland caused 
the secretion of a much smaller  volume of saliva or had no effect  on secretion, thus confirming our previous findings. 

To explain  the differences between the st imulat ing act ion of the sinusoidal current and the stream of rectan-  
gular pulses on the structures of the hypothalamus, experiments were conducted in which prolonged st imulat ion was 
applied to the same part of the hypothalamus. Prolonged st imulation of the middle  parts of the hypothalamus with 
a stream of rectangular  pulses caused the secretion of saliva throughout the period of its action,  and the volume of 
saliva secreted during each minute  remained at a high level .  Smal l  amounts of saliva continued to be secreted for 
some t ime after the cessation of prolonged stimulation. The results of an exper iment  conducted on the dog Tikhi i  
are shown in Fig. 1. During s t imulat ion of the middle  part of the hypothalamus with a stream of rectangular pulses 
for 12 mino intensive secretion of saliva took place ,  and this was mainta ined at a high leve l  throughout the period 
of st imulation.  In 1 min approximately  1 ml  of saliva was secreted,  and 13 ml during the whole period of s t imula-  
t ion (12 min). After s t imulat ion was discontinued the secretion of saliva continued for a further 2 min. 

Prolonged st imulat ion of the same part of the hypothalamus with the sinusoidal current had a rather different 
effect  on the function of the mixed salivary glands. It will be c learfrom Fig. 2 that  during st imulat ion of the hypo- 

138 



During st imulat ion 
, minutes 

~=~E s slslslslslslslslslsl3 
m l ~ FnNueney of pulses (per second) 

4 . - -  # 8 /0 10 3040 !50 80 /gO /30 ~g0 300 

3 

z. 

Fig. 8. Secret ion of saliva by mixed glands 

in the dog Zhuk during st imulat ion of the right 
side of the hypothalamus with a stream of rec-  
tangular pulses of different frequencies (0.9 
mi l l i sec ,  0.8 V). Experiment on April  8, 1960. 

thalamus with the middle  electrodes, the greatest  intensity of secre- 

tion of sal iva (8 ml) was observed during the 1st min of st imulation,  
The secretion of saliva fel l  rapidly in the 2nd rain of s t imulat ion,  
and then fe l l  more gradually ceasing comple te ly  in the 10th rain. 

This phenomenon was evident ly  associated with adaptat ion of the 

nervous structures of the hypothalamus to prolonged s t imulat ion with 
the sinusoidal current. After s t imulat ion had been discontinued a 
slight secretion of saliva continued to occur for 1 rain. Brief s t im-  
ulat ion of the hypothalamus with a sinusoidal current caused ap- 
proximate ly  the same salivatory effects as brief  s t imulat ion with a 

stream of rectangular  pulses. 

The character  of the secretion of saliva during s t imulat ion 
of the hypothalamus with a current of different frequency was also 
studied. The effect  of the frequency of the s t imulat ing current on 
the intensity of secretion of saliva was demonstrated by N. E. 
Vvedenskii [5] after exper imenta l  s t imulat ion of the chorda tym-  
pani in dogs. He found that the opt imal  frequency of s t imulat ion 
of the ehorda tympani  in the dog is 40/see.  The use of higher 
frequencies - from t00 to 250/see - did not produce secretion 

from the submandibular gland. 

Maltesos and Weigmann [7] recorded the highest rate of 
secretion during st imulat ion of the chorda tympani  with a low- 

frequency al ternating current (10-20 cps). If a current of higher 
frequency (from 50 to 100 cps) was used, polyphase secretory re-  
sponses developed.  

In our experiments to study the secretion of the mixed salivary glands in response to s t imulat ion of different 
parts of the hypothalamus with e lec t r ic  currents of different frequencies, a relationship was established between the 
volume of saliva secreted and the frequency of the simulating current. Secret ion of saliva appeared during s t imula-  

t ion of the hypothalamus with rectangular  impulses with a frequency of 6 -8 / see ,  but its intensity was very low (0.5 
ml  saliva in 8 rain). With an increase in the frequency of the s t imulat ing current the intensity of saliva secret ion 
also increased,  to reach its highest leve l  at a frequency of 40/see  (8.5-5 ml saliva in 3 rain), With a further increase 

in the frequency of the current, the intensity of saliva secretion fel l ,  and at a frequency of 300-400/sec  the secretion 
of saliva ceased (Fig. a). 

The rate of secretion of saliva during s t imulat ion of the hypothalamus was dependent,  not only on the frequen- 
cy, but also on the strength of the s t imulat ing current. An increase in the strength of the current from 0.1 to 0,6 
mA, keeping the frequency constant, led to a para l le l  increase in secretion of saliva. A further increase in the 
strength of the current to 0.8-1.0 mA was accompanied  by a lowering of the intensity of saliva secretion. Correspond- 
ing changes took p lace  in the amount  of dry residue and organic mat ter  in the saliva. The content of minera l  sub- 
stances showed no significant change in these experiments,  

In the experiments descr ibed above the max imal  secretion of saliva was observed during s t imulat ion with a 
current with a strength of 0,5-0.6 mA. A long period after implanta t ion of the electrodes into the hypothalamus or 

after repeated s t imulat ion by means of an electrode,  a thick layer of connect ive tissue is formed around the e l ec -  
trodes in the hypothalamus. Therefore,  in order to obtain the same secretory effect  on the sal ivary glands during 
st imulat ion of the hypothalamus in these cases it was necessary to increase the strength of the s t imulat ing current 
slightly. 

Besides the changes in the secretory ac t iv i ty  of the mixed salivary glands, during s t imulat ion of the hypothala-  
mus various reactions developed in other organs. St imulat ion of the hypothalamus from the posterior electrodes 
caused a react ion of l icking and sniffing in all  the animals,  St imulat ion from the la tera l  electrodes in most cases 
led to the appearance of a food seeking reaction, A pupil lary reac t ion  was observed in a l l  the animals ,  and in some 
of them it  depended on the site of s t imulat ion of the hypothalamus. During st imulat ion of the anterior and middle  
parts of the hypothalamus constriction was observed, and during s t imulat ion of its posterior parts - d i la ta t ion  of the 
pupils. In some animals ,  during s t imulat ion of any part of the hypothalamus, irrespective of the intensity and fre- 
quency of the st imulat ing current, ei ther constriction or d i la ta t ion  of the pupils and of the pa lpebra l  fissure was 
recorded.  
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The following conclusion may be drawn from these experimental results. The hypothalamus takes part in the 
regulation of the secretory activity of the salivary glands. The volume of saliva secreted and the rate of secretion 
are dependent on the duration of stimulation of the hypothalamus, and the frequency and strength of the stimulating 
current. Prolonged stimulation of the hypothalamus~with a stream of rectangular pulses causes secretion of saliva 
throughout its course. During prolonged stimulation with a sinusoidal current, the maximal secretory effect was ob- 
served only during the 1st rain, after which it fell considerably, and ceased at the 10th rain of stimulation. However, 
not all parts of the hypothalamus play an equally important role in the regulation of the secretion of saliva. The 
most intensive secretion of saliva is observed during stimulation of the anterior and middle parts and the least - 
during stimulation of the posterior parts of the hypothalamus. 

S U M M A R Y  

Chronic experiments were staged on 9 dogs with multipolar electrodes implanted into the hypothalamus. The 
amount of saliva secreted and the rate of its secretion in hypothalamie stimulation depends on the frequency and the 
stimulating current. The maximum amount of saliva secretion is observed at 40 pulses per see (pulse duration - 0.2 
millisec, 0ff-0.8 and the sinusoid current of 0.5-0.6 mA (frequency 40-50 cycles per see). Prolonged stimulation of 
hypothalamus by rectangular current pulses provokes saliva secretion during the whole course of stimulation. Prolonged 
stimulation by a sinusoidal current causes the greatest secretory effect only during the first minute, after which it de- 
creases considerably and is completely arrested in the 10th minute of stimulation. Salivary secretion also depends 
on the portion of hypothalamus stimulated. 
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Al l  abbreviations of periodicals in the  a b o v e  b i b l i o g r a p h y  are  letter-by-letter transliter- 
at.ions of the abbreviations as given in the original Russian journal. Some or all of  this  peri- 

odical l i terature may well  be available in Engl ish  translation. A complete list o f  the  cover-to-. 
c o v e r  English translations appears at the  b a c k  of this i s s u e .  
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