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LOW-FREQUENCY HYPOTHALAMIC AUTOSTIMULATION OF RATS 
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Using pulses of 5 Hz it is possible to choose a strength of current  which will facili tate conti- 
nuous autostimulation of the brain  in rats .  The intervals  between press ing  the pedal under 
these conditions amount to 0-6% of the total duration of a 10-min experiment.  

Elec t r ica l  autostimulation is the t e rm given to the behavior of an animal in which it selects,  f rom a 
ser ies  of possible al ternatives,  the action which leads to e lect r ical  stimulation of its brain. In a situation in 
which the animal regulates the duration of the ser ies  of pulses and the intervals  between them, both volleys 
and intervals  increase  in duration with a decrease  in current  strength [2, 3, 5, 7]. The time at which brain 
stimulation is stopped can be p resumed to be connected with the combined effect of a ser ies  of consecutive 
pulses. In that case it ought to be possible to select a (low) frequency of stimulation such that this effect is 
minimal. It was considered that autostimulation can be obtained by re inforcement  with single pulses  of cu r -  
rent [6]. 

The investigation descr ibed below was ca r r i ed  out to test this hypothesis. 

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

Albino ra ts  weighing 200-250 g were  anesthetized with pentobarbital  and two bipolar  e lect rodes  were 
inser ted into the region of the la te ra l  hypothalamus, symmetr ica l ly  relative to the midline of the skull using 
stereotaxic coordinates [4]. Each electrode consisted of two nichrome wires ,  80 ~ in length, glued together. 

A pedal measur ing 30 x 50 mm was situated in the middle of one wall of a chamber  (35 x40 x35 cm) 
2 cm above the floor. Stimulation began if the pedal was p res sed  with a force of about 5 g and it continued 
during pressure .  Square pulses  1 msec  in duration were  used. The frequency of the pulses  (of stimulation) 
var ied  f rom test  to test  in the following order :  20, 10, 5, and 30 Hz. Each test  lasted 10 min except the last 
(30 Hz), which lasted 3-5 rain. The duration of each p r e s s u r e  on the pedal under each interval was recorded.  
The strength of the current  was unchanged (200-400 ~A). Three experiments  were ca r r i ed  out on each of 2 
rats,  2 on one rat, and 1 experiment on 1 animal, using each electrode. 

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

In all exper iments  on all ra ts  (except the experiment on one rat) the mean frequency of p r e s su re  on 
the pedal with frequencies  of stimulation of 30, 20, 10, and 5 Hz lay within the range of 24, 30, 9, 12, 5.8, 
and 2.3 rain respectively,  and the mean duration of the ser ies  of pulses was 0.5-1.5, 1.5, 4.7, 3.7, 11, and 
15-47 sec. 

The frequency of p r e s s u r e s  on the pedal was reduced with a decrease  in the frequency of stimulation, 
while the duration of the ser ies  of pulses increased  (Fig. 1). The length of the interval increase  with a 
change in the frequency of stimulation f rom 30 to 20 Hz, but fell with a further  decrease  in the frequency 
(Fig. 1). With a frequency of 5 Hz the total duration of all intervals  formed was about 0.36 sec in the course 
of a 10-rain test. In this case the intervals  were so short that they evidently did not cause stimulation of the 
brain  to cease. They were most probably formed accidentally by some movement of the animal, some change 
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Fig.  1. Mean durat ion of in te rva l  (a), s e r i e s  of pu l s e s  (b), and h i s t o g r a m  of d i s t r i -  
bution of i n t e rva l  dura t ions  for f requenc ies  of s t imulat ion of 30 (c), 20 (d), 10 (e), 
and 5 (f) Hz in one exper iment .  

Fig.  2. Mean durat ion of a s e r i e s  of pu l ses  (a) and in t e rva l s  (b) for  different  c u r -  
ren t  s t rengths  and different  f requenc ies  of s t imula t ion  in one exper iment :  1) 100/~A; 
2) 150/~A; 3) 200/~A. 

in i t s  posi t ion,  and so on. F o r  p r a c t i c a l  p u r p o s e s  the r a t s  ceased  to in te r rup t  the s t imulat ion.  It i s  na tura l  
to suppose that  at a low f requency of s t imula t ion  the influence of success ive  pu l ses  is  weak. The durat ion 
of the a f t e r - e f f ec t  of hypothalamic  s t imulat ion,  accord ing  to the w r i t e r ' s  obse rva t ions ,  i s  c lose  to that ob-  
ta ined by the use  of a different  technique [1]. Rats  in a T - shaped  maze we re  p r e s e n t e d  with two sequences  
of 10 s tandard  s e r i e s  of pu l s e s  0.2 sec in dura t ion and at a f requency of 60 Hz, which d i f fered  in the d u r a -  
t ion of the in te rva l  between the s e r i e s  of pulses .  The an imals  a lways  chose sequences  with sho r t e r  i n t e rva l s  
between s e r i e s  if these  i n t e r v a l s  we re  l e s s  than 0.5 sec. The r a t s  did not d is t inguish  between i n t e rva l s  of 
0.5 and 1 sec.  

The longest  mean dura t ion  of the in te rva l  in the p r e s e n t  e x p e r i m e n t s  was  obse rved  at 20 Hz (Fig. 1). 
In one ra t  with one e lec t rode ,  however,  the longest  in t e rva l  o c c u r r e d  at a f requency of 10 Hz. The frequency 
of p r e s s u r e s  on the pedal  in this  rat ,  when s t imula ted  at 20 Hz with this  e l ec t rode ,  r eached  20-25 rain by 
con t ras t  with a l l  o ther  r a t s  and with s t imula t ion  of this  same ra t  with the o ther  e lec t rode .  It was  the re fo re  
decided to t es t  the hypothes is  that the f requency of s t imula t ion  at which the in te rva l  durat ion was  max imal  
can v a r y  with the s t rength  of the cur ren t .  A s e r i e s  of analogous expe r imen t s  at d i f ferent  s t rengths  of c u r -  
rent  was  c a r r i e d  out on two r a t s .  

These  showed that with a d e c r e a s e  in the f requency of s t imula t ion  the mean dura t ion  of the in te rva l  in -  
c r e a s e d  if the cur ren t  was  weaker  than a ce r t a in  c r i t i c a l  value. However,  with h igher  va lues  of the cur ren t  
s t rength  the re  was  a range of f requenc ies  within which the mean durat ion of the in t e rva l  fel l  with a d e c r e a s e  
in the f requency of s t imula t ion  (Fig. 2). With a fu r the r  i n c r e a s e  in the cu r ren t  s t rength this  range was  
shifted toward  lower  f requenc ies  (Fig. 2). 

If cu r ren t  of a ce r t a in  s t rength  and s t imul i  of low frequency a re  used, hypotha lamic  au tos t imula t ion  
thus becomes  v i r tua l ly  continuous. 
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