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Hypothalmic au tos t imula t ion  of r a t s  was s tudied  in r e s p o n s e  to low- f requency  s t imula t ion  at 
the r a t e  of 30 to 7 Hz. The an ima l s  r e c e i v e d  b ra in  s t imula t ion  in Skinner ' s  chamber  and on 
the b a s i s  of locomot ion.  The dura t ion  of the vol leys  of pu l ses  as e s t ab l i shed  by the an imals  
during au tos t ima la t ion  on the bas i s  of locomot ion i n c r e a s e d  with a d e c r e a s e  in s t imulus  f r e -  
quency. The pauses  between the vol leys  and the dura t ion of the vol leys  t he m s e l ve s  i n c r e a s e d  
with a d e c r e a s e  in s t imulus  s t rength .  With s t imula t ion  at 7 Hz it was pos s ib l e  to choose a 
s t r eng th  of c u r r e n t  at which the to ta l  dura t ion  of the pauses  was l e s s  than 10% of the total  
t ime  of the expe r imen t .  Usual ly  under these  c i r c u m s t a n c e s  the dura t ion of the individual  
pause s  was l e s s  than 0.5 sec .  
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It was shown p r e v i o u s l y  [1] that ,  using a chamber  wi th  a pedal  and a f requency  of s t imula t ion  of 1-5 
Hz, it is p o s s i b l e  to s e l e c t  a s t reng th  of c u r r e n t  at which the r a t ' s  b ra in  is sub jec ted  to a lmos t  continuous 
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Fig. 1. Record of running speed of rat No. 
10 s t imu la t ed  at a f requency  of 30 Hz and 
with c u r r e n t s  of d i f ferent  s t r eng ths .  Mean 
running speed  and cu r r en t  s t reng th  shown 
by number s  at the s ide  of each  curve .  Up- 
wa rd  devia t ion  of cu r r en t  c o r r e s p o n d s  to 
i n c r e a s e  in running speed.  Ca l ib ra t ion ,  
bot tom lef t ,  s c a l e  of f igure  (6 sec  and 8 
rpm,  r e spec t i ve ly ) .  R e m a i n d e r  of legend 
he re  and to F igs .  2 and 3 expla ined  in text .  

au tos t imula t ion  (AS). If the b ra in  s t imula t ion  dur ing AS 
was applied only dur ing  locomot ion  of the r a t ,  dur ing con-  
t inuous AS continuous running of the animal  would be ob- 
s e rved .  

The object  of this  inves t igat ion was to obtain cont in-  
uous AS on the bas i s  of locomot ion  and to inves t iga te  the 
a n i m a l ' s  behav ior  in that s i t ua t ion .  

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

Bipolar  e l e c t r ode s  we re  implanted  into the r eg ion  
of the l a t e r a l  hypothalamus [4] of albino r a t s  weighing 250- 
300 g to c o r r e s p o n d  to the c r an i a l  coord ina tes :  2.5 mm 
caudal ly  to the b r e g m a ,  1.3-1.7 mm l a t e r a l l y  to it, and 
7.5-8 mm deep f r o m  the su r face  of the skull .  The d i am-  
e t e r  of the e l e c t r ode s  was 40 p. E l e c t r i c a l  AS of the b ra in  
was s tudied  in a chamber  with a peda l ,  in which the r a t s  
r e c e i v e d  b r a i n  s t imula t ion  by p r e s s i n g  on the pedal ,  and 
in a chamber  with a wheel ,  in which the b ra in  was s t i m u l a -  
la ted  a f t e r  running on the wheel [2]. The chamber  wi th the  
wheel  cons i s t ed  of a p l a s t i c  box measu r ing  10 • 12 • 8 cm,  
the base  of which was the su r face  of a v e r t i c a l l y  mounted 
d rum [2]. The d i a m e t e r  of the d rum was 30 cm and its 
width 6 cm. As the r a t  r a n  the wheel turned.  The speed 
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Fig. 2. Record of running speed of ra t  No. 3 during 
stimulation at 7 Hz and with currents  of different 
strengths.  Scale and legend as in Fig. 1. 
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Fig. 3. Record of running speed of rat No. I0 dur- 
ing stimulation with different frequencies and strengths. 
Scale and legend as in Fig. I. 

of rotat ion of the wheel and the number of revolutions per  minute were recorded.  The ra ts  rece ived  s t imu-  
lation if they ran  at speeds of more than 6 rpm (about 9 cm/sec ) .  Square pulses,  1 msec in duration, and 
at frequencies of 30, 15, or 7 Hz, were used for stimulation. 

With each frequency of stimulation and each s t rength of current ,  the duration of the investigation was 
not less than 5-10 rain. Experiments were  ca r r i ed  out on 12 animals.  

EXPERIMENTAL RESULTS AND DISCUSSION 

With a frequency of stimulation of 30 Hz and a current strength subliminal for AS, the rats performed 
a few shortruns in the course of the first 1-2 rain. They then stopped running and no longer turned the 
wheel (Fig. la). 

For each strength of current there was a maximal running speed attainable in the single runs. Usu- 
ally every minute the rat performed several runs at near-maximal speed. Often these runs alternated with 
series of ~ to i0 slower and shorter runs (Fig. ib, c, d). As the strength of the current was increased, the 
duration and frequency of the runs at high speed and also the maximal running speed all increased. How- 
ever, when the running speed reached 20-30 rpm and the duration of the runs 6-10 see, the mean number of 
runs per minute sometimes decreased (Fig. Ic, d). Finally, with a very strong current, runs lasting sev- 
eral tens of seconds and at speeds of 30-40 rpm were observed (Fig. le). The rats' behavior in that ease 
was unstable. Having completed several such runs in succession, the rats introduced long pauses. With 
such strong currents the rats often ceased their high-speed running and rested with all their paws on the 
surface of the drum. This method of stopping differed sharply from the usual method, when the rat simply 
reduced its running speed. 

With a frequency of stimulation of 15 Hz the r a t s '  behavior was indistinguishable qualitatively f rom 
that observed at 30 I-Iz. After  the change in frequency of stimulation, but with the same strength of current ,  
the number of runs per  minute decreased,  the maximal speed of running was reduced,  and often the dura-  
tion of the runs was increased.  After  an increase  in the s trength of the current  the total number of runs 
also increased.  At 15 Hz no runs with speeds of 30-40 r p m  and with durations of severa l  tens of seconds 
were  observed. Direct motor responses  to stimulation occu r r ed  sooner than runs of this type. 

The mean running speed increased with an increase  in the s trength of the current .  During stimulation 
at 30 Hz the mean running speed could change f rom 6 '12 to 20-40 r p m  simply as a resu l t  of an increase  in 
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the cur ren t  strength. During stimulation at 15 Hz no consistent  behavior could be observed in most ra ts  
during application of a weak cu r ren t ,  allowing the animals to ran  at a speed of 14-20 rpm.  

With Stimulation at 7 Hz the ra ts  s tar ted  AS only if the cur ren t  s trength permit ted  running at a speed 
of 14-20 rpm.  The duration of the pauses during running in this case was short ,  not more  than a fraction 
of a second (Fig. 2). Virtually continuous brain AS was observed.  An increase  in the current  s trength led 
to an increase  in the number of pauses,  but had little effect on their duration (Fig. 2b). After such an in- 
c rease  in the cur rent  the ra t s  became more  excited, they nosed and sniffed, and so on. Currents  of great  
s t rength were  therefore  not used. 

Having chosen the appropriate  s trength of current  for 30, 15, and 7 Hz, an approximately equal rtm_uing 
speed for the same animal could be obtained. Under these c i rcumstances  the equal running speed was 
achieved in different ways (Fig. 3). At 30 and 15 Hz the r a t ' s  running consisted of an alternation of runs and 
stops (Fig. 3a, b). AT 7 Hz the r a t ' s  running was vir tual ly continuous (Fig. 3c). The total duration of 
pauses was much shor te r  than the total duration of the experiment.  

Seven ra t s  of this se r ies  also were  tested in a chamber  with a pedal using stimulation of the same 
strengths and frequencies.  In response  to a decrease  in the frequency of s trength of stimulation, an increase  
in the duration of the volleys of pulses and a decrease  in the frequency of p ress ing  on the pedal were  ob- 
served.  With cur ren ts  of s t rength so that during AS on the basis  of locomotion the mean speed was 8-12 
rpm,  in the chamber  with the pedal the mean duration of p r e s su re  on the pedal was 1.5-1.6 sec and the f r e -  
quency of press ing  15-30 per  minute. With an increase  in the s t rength of st imulation (when the running 
speed was 16-20 rpm) the frequency of press ing  on the pedal also was increased to 90-120 and the duration 
of the volleys fell to 0.2 sec or  less .  

The frequency of press ing  on the pedal was always g rea t e r  than the frequency of the runs during AS, 
and it was al tered more sharply  than the running speed during a change in stimulation. The mean duration 
of p ress ing  on the pedal in the overwhelming major i ty  of cases  was less than the mean duration of the runs.  
Even long p ress ing  on the pedal never  reached the duration of the runs with a near -maximal  running speed. 

Continuous AS in the chamber  with the pedal during stimulation at 7 Hz was observed in only two of 
the seven ra ts .  The running of these ra t s  was ve ry  uniform, with only a few pauses.  The mean running 
speed was one of the lowest ,  14-16 rpm.  The remaining ra t s ,  exposed to stimulation of the same strength 
and frequency,  did not c a r r y  out continuous AS, although the mean duration of the pauses was reduced after  
a decrease  in the frequency of stimulation. AS based on locomotion when the frequency of stimulation was 
7 Hz could be r ega rded  as vir tual ly continuous. The total duration of the stops and, correspondingly,  of the 
pauses was only a smal l  f ract ion of the total duration of brain stimulation. 

Although all that was n e c e s s a r y  to obtain st imulation was to develop a speed of 6 rpm,  stable behavior 
of the ra ts  was observed at much higher running speeds.  Moreover ,  speed depended on the pa ramete r s  of 
stimulation. Even when the mean running speed was approximately constant despite differences in the f r e -  
quency of stimulation, the speed within the runs and the duration of the runs varied.  These facts indicate 
that brain st imulation in the presence  of AS had a marked effect on the running speed of the ra ts .  The ac-  
tivating effect of st imulation of the la te ra l  hypothalamus on running speed in various situations has been r e -  
ported by other workers  [3, 5]. 

The higher frequency of AS and the shor te r  duration of the volleys in the chamber  with the pedal when 
compared  with AS in the chamber  with the wheel could be attributed to the activating effect of brain s t imu-  
lation during AS on the an imal ' s  motor behavior.  In the chamber  with the pedal the activating effect of s t im-  
ulation was to some extent cont radic tory  to the task  of maintaining a static posture ,  when the ra t  kept the 
pedal p re s sed  down. In the chamber  with the wheel, brain stimulation, which "activated locomotion," thus 
"helped" the animal to maintain a high rtrrming speed. 

In conclusion the author is grateful to M. L. Shik for his great  help with the work and his useful con- 
tribution to the discussion.  
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