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Injury to the frontal  lobes in r a t s  abolishes autostimulation in a chamber  equipped with a 
pedal, during the f i r s t  few days after  the operation, but depresses  autostimulation by a much 
l e s se r  degree in a chamber  on a wheel, in which vol leys of stimuli accompany rotat ion of the 
wheel by the running rat .  

The effects of exclusion of local regions  of the brain  [1, 6], of pharmacological  agents [4], and of 
other  fac tors  on autostimulation (A~,  are  usually judged f rom changes in the frequency of press ing  upon a 
pedal, when each p res su re  is accompanied by the sending of a volley of stimuli of definite duration to the 
brain.  The effects d iscovered  may be due to the action of the test  factor  not only on the intimate mechan- 
i sms  of AS, but also on the an imal ' s  motor  activity. This complication is a par t icular ly  rea l  one in the case 
of exclusion of cer ta in  par t s  of the brain.  In such cases  it is desirable to use an AS method based on dif- 
ferent  type s of motor  activity. 

Fig. i. General appearance of apparatus for autostimulation in 
chamber on wheel (A) and frontal sections through the brain (]3) 
on rat No. i0 in the region of injury to the cerebral hemispheres 
(above) and through the location of the tips of the stimulating bi- 
polar electrode in the lateral hypothalamic region (below). 
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Fig. 2. Autostimulation in chamber  
with pedal (continuous line) and in 
chamber  on wheel (broken line). Ar-  
row pointing downward denotes day 
of injury to frontal lobes. Strength 
of cur rent  for ra t  No. 10, 70 #A in 
all tes ts ,  for  ra t  No. 12, 90 #A, but 
in last  two tes ts  (shown by a r rows  
pointing upwarc~ 120 pA; for rat  
No. 13, 50 #A, but in last  two tes ts  
(shown by a r rows  pointing upwar~ 
90 #A. Abscissa ,  success ive  days; 
ordinate,  mean number of volleys of 
stimuli per minute in success ive  
tes ts .  

In the present  investigation the effect of injury to the frontal  
lobes was studied in two experimental  si tuations: a usual situa- 
tion, in which AS was connected with p res su re  on a pedal, and on 
the basis  of locomotion, i.e., motor  activity of which even a rnesen- 
cephalic ra t  is capable [7]. In the f i rs t  case,  stimulation of the lat-  
e ra l  hypothalamus was produced by p res su re  on the pedal, in the 
second ease by rotat ion of the wheel by the ra t  running on it. 

EXPERIMENTAL METHOD 

Under nembutal anesthesia, bipolar electrodes (two nichrome 
wires, each 90 # in diameter, insulated except at their tips),were 
implanted into albino ra t s  weighing 200-250 g in accordance with 
the coordinates [3]: A 4.0-4.5, L 1.2-1.5, H ( - 2 ) - ( - 3 ) .  The ex- 
per iments  began on the 5th-7th day af ter  implantation of the elec- 
t rodes .  The pedal measur ing  20-40 mm was in the center  of one 
wall of the chamber  measur ing  35 • 40 • 35 cm, and 2 cm above 
the floor. Transmiss ion  of a volley of impulses (duration 0 .7msec ,  
frequency 40/sec) began if the pedal was p ressed  upon with a force 
of not less  than 20 g for 0.4 sec, if the rat  did not re lease  the pedal 
sooner.  The number of p r e s s u r e s  on the pedal per minute was r e -  
corded for  14 rnin. Observation were  then made on the same ra t  
for  11 rain during AS on the bas is  of locomotion. For  this purpose 
the animal was placed in a t ransparen t  plastic chamber  measur ing  
20 x 10 • 12 crn, the base of which consis ted of the surface of an 
easi ly rotated wheel 30 cm in d iameter  (Fig. 1A). When the r a t t a n ,  
it set the wheel in motion, and after  every  half - turn  the rat  received 
a volley of stimuli 0.4 sec in duration. Usually training took place 
during the f i rs t  experiment.  The number of turns  of the wheel was 
recorded  every  minute. The strength of the cur ren t  used in both 
vers ions  of AS was the same for each rat .  

After  four experiments ,  in which neither the frequency of 
press ing  on the pedal nor the speed of running along the wheel de- 
viated systemat ical ly  toward either side, frontal  lobotomy was pe r -  
formed.  For  this purpose,  through a se r i e s  of bu r r -ho l e s  dri l led 
1-2 mm anter ior ly  to the b regma under ether  anesthesia,  anodic 
e lec t ro lys is  with a cur rent  of 20 rnA was ca r r i ed  out for a few sec-  
onds along each t rack.  

The surviving animals were tested repeatedly (at least five tests) in both experimental situations. 
The tests were continued so long as the electrode block remained in situ. Then, after fixation in 10% for- 
rnalin solution, frontal sections of the brain, 40 # in thickness, were cut on a freezing mierotome through 
the location of the electrode tips and at the level of the frontal lobotomy. The unstained sections were 
photographed under a magnification of S times. The end of the electrode was located in the lateral hypo- 

thalamic region, while the site of the lobotomy was in the frontal plane A 8-9.5 passing through the head of 
the eaudate nucleus, and it affected not only the gray matter and the subjacent white matter of the cortex, 
but also the caudate nucleus to a degree which differed from one rat to another (Fig. IB). 

EXPERIMENTAL RESULTS AND DISCUSSION 

If the animal carried out AS in the chamber with the pedal, it did so almost always in the chamber on 
the wheel also, provided that the stimuli did not evoke direct motor responses (turning of the head or trunk, 
lifting the paw, and so on). The presence of motor responses interfered with running on the wheel or even 
made AS impossible under these conditions. 

During AS in the chamber on the wheel the rat regularly ran for short periods, interrupted by stops. 
With the usual strengths of current applied (from 50 to 90 #A for different animals), the duration of the runs 
was 10-30 sec and of the stops 1-5 sec. During consecutive minute intervals of the same test the number 
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Fig. 3. Number of volleys of s t im- 
uli during each minute of autost im- 
ulation (ordinate) in chamber  with 
pedal in tes ts  before (rats  Nos. 1-4) 
and af ter  (rats  Nos. 5-10) injury to 
frontal  lobes. Abscissa ,  success ive  
minutes of test .  

of turns of the wheel varied in the same way as the number of 

pressures in the chamber with the pedal; the coefficient of varia- 

tions was 0.05-0.15. 

With an increase  in strength of the cur ren t  both the speed of 
running and the mean velocity of rotation of the wheel were in- 
creased.  With the same strength of current ,  both the charac te r  of 
the run and its mean speed were  quite constant f rom one experi-  
ment to another.  The maximum deviations of the running speed 
f rom the mean value for four tes t s  (on different days) were 11-16%, 
i.e., not more  than the maximum deviations of the frequency of 
press ing  on the pedal f rom the mean for four tes ts  on these same 
ra t s ,  namely,  10-17%. During AA in the chamber  with the pedal, 
r a t s  Nos. 12 and 13 received approximately the same number of 
volleys of stimuli per  minute as in the chamber  on the wheel, while 
ra t  No. 10 rece ived  more  (Fig. 2). In the absence of stimuli,  the 
ra t s  per formed 0-1 rotat ion of the wheel per  minute and 0-2 p res -  
sures  on the pedal per  minute. A break o f  severa l  days in the tes ts  
had no appreciable effect on the AS in any of its vers ions  (Fig. 2, 
animal No. 13). 

In the f i r s t  7-9 days af ter  frontal  lobotomy all three ra t s  
pract ica l ly  never  p re s sed  the pedal, but per formed AS in the cham-  
ber  on the wheel, although the speed of running at this t ime was 
only about half  that before the operation (Fig. 2). On subsequent 

days, two ra t s  exhibited AS in the chamber  with the pedal also. However, the method of press ing  on the 
pedal was significantly altered.  Whenever the number  of p r e s s u r e s  exceeded 7-10/rain, the ra t  did not 
p r e s s  with its paw, as before lobotomy, but seized the pedal with its teeth, held it with its head, and thus 
achieved a high frequency of opening and closing of the contact.  The number of p r e s s u r e s  on consecutive 
minutes under these conditions was very  unstable (Fig. 3). The third ra t  (No. 13) likewise did not r ep ro -  
duce AS in the chamber  with the pedal despite repeated attempts at t raining by application of a s t ronger  
current ;  meanwhile AS in the chamber  on the wheel was activated by an increase  in strength of the cur -  
rent  (Fig. 2). 

Whereas  the resu l t s  of injury to the frontal  lobes were  evaluated purely on the bas is  of changes in 
AS in the chamber  with the pedal, it could be assumed that the operation would disturb the mechanisms of 
AS at least  t emporar i ly .  This was the conclusion reached by Bures  et al. [2] and Olds [4] on the bas is  of 
their  exper iments  in which the cor tex was blocked by spreading depression.  In the case of acute blocking 
of the cor tex  of a whole hemisphere ,  significant depress ion  of hypothalamic activity evidently must  have 
taken place. However, injury to the frontal  lobes caused only a decrease  in the frequency of AS in the 
chamber  on the wheel on those ve ry  days af ter  the operation when AS was vir tually absent in the chamber  
with the pedal. 

Injury to the frontal  lobes evidently disturbed not so much the mechanisms  of AS as the ability of the 
animal to pe r fo rm movements :  movement  of press ing  on the pedal was affected much more  severe ly  than 
locomotion. Br ief  per iods  of frequent p r e s s u r e s  on the pedal, somet imes  observed with ra t s  after  opera-  
tion, were due to frequent biting of the pedal, i.e., to a movement for  which, like locomotion, the ro s t r a l  
port ions of the brain  a re  not essential .  The lobotomized ra t  could p res s  on the peda ! sporadical ly with its 
paw, but found it difficult to pe r fo rm this movement  sys temat ica l ly  in the experiment with AS. Since under 
these c i rcumstances  AS on the bas is  of locomotion was only slightly affected, it can be concluded that, 
while injury to the frontal  lobes significantly in te r fe res  with the use of p r e s su re  on the pedal for its pro-  
duction, it only slightly affects the basic mechanisms  of AS. Autostimulation in the chamber  with the pedal 
can also r ecove r  9-10 days af ter  the operation, just as af ter  destruct ion of the preoptic region, the mami l -  
lo- thalamic t rac t ,  or  the ventra l  par t  of the ro s t r a l  division of the mesencephalon [1]. 
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