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After des t ruct ion of the in t ra laminar  nuclei of the thalamus in cats,  e lec t r ica l  stimulation 
of the dorsa l  par t  of the tegmentum mesencel~hali and inferior  colliculi between frontal 
planes P0.5 and P2.5 evoked the following motor  r e sponses :  movements  of the head (up- 
ward,  downward, turning to the r ight and left), rotat ion,  intermit tent  running with jumps on-  
to a wall, as well as evoked locomotion (walking or  running in a s t ra ight  line or circle) .  
These movements  were uncomplicated by any marked effective responses  other than dila- 
tation of the pupils. Movements evoked by mesencephal ic  st imulation are evidently p r imary  
and are  caused by activation of s t ruc tures  concerned with the control  of movement.  

Electrical stimulation of the brain usually evokes complex behavioral responses and various move- 
ments [4, 5, 8, 13, 14]. In many cases the motor responses to stimulation are secondary in origin follow- 
ing primary changes in the state of nonmotor structures. However, the results of experimental stimulation 
of the diencephalon [7], the central gray matter and adjacent structures of the rostral part of the mesen- 
cephalon [6, ii, 15], and of the inferior collieuli [17] in intact cats demonstrate the possibility of obtaining 
primary (not indirect) motor responses such as turning the head, flexing the trunk, and rotation. In some 
eases stimulation evoked elements of nociceptive responses as well as movements [II, 16]. 

In the investigation described below responses to stimulation of the caudal part of the tegmentum 
mesencephali were minimized or excluded. This region was investigated because under acute experimen- 
tal conditions stimulation of the same area of the brain of a meseneephalic eat induced controllable loco- 
motion [i, 2]. 

EXPERIMENTAL METHOD 

Bilateral electrolytic destruction of the centrum medianum and nucleus parafascicularis of the thala- 
mus (points A 6.5, U 2, H 0, +2 and A 7.5, U 2.5, H 0, +2; current 2 mA for 15 sec) and bilateral implanta- 
tion of electrodes for stimulating the tegmentum mesencephali were carried out in accordance with the 
stereotaxic coordinates of Horsley and Clarke in 63 eats (weighing 2-3.5 kg (anesthetized with pentobarbital 
(30 mg/kg body weight, intraperitoneally). Bipolar or multiple steel electrodes with interelectrode distance 
1 mm and a diameter of 150 # (21 animals) or monopolar tungsten electrodes covered with glass and 50 # in 
diameter (42 animals) were implanted in a direction rostrally to the tentorium cerebelli (at an angle of 

17-18 ~ to the vertical). Penicillin was injected. After the animals' general condition had been restored (not 
more than 1 week) the experiments began (spontaneous motor activity was- depressed in some of the cats), 
Stimuli were applied for 10-30 sec at intervals of 2-4 rain from a stimulator providing dc pulses of an as- 
signed amplitude (duration 0.6-1.0 msec, frequency 60/see, strength 20-70 pA) and recorded on a cathode- 
ray oscilloscope. The stimulator was connected to the electrodes with flexible wires which did not interfere 
with the cat's movements in the empty room (2.5 • 2.5 m). The animal's behavior was recorded on 8-ram 
motion picture film and also in writing. At the end of the experiment the position of the electrodes in the 
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Fig. 1. Locat ion of points in t egmentum mesencepha l i  whose 
s t imulat ion evokes  di f ferent  moto r  r e s p o n s e s :  1) turning the 
head; 2) lifting the head and trunk; 3) p r e s s ing  on the floor; 4) 
rotat ion;  5) running with s tops;  6) uncompl ica ted  locomotion; 
7) jumps on the wall; 8) lifting the fore l imb;  9) crying; 10) 
spas t ie i ty ;  11) mictur i t ion;  12) l icking.  Drawings of f rontal  
planes P0.5 to P2.5 taken f rom the a t las  [12]. CS) Super ior  
coll iculus;  CI) in fe r io r  coll iculus;  SGC) cen t ra l  g ray  ma t t e r ;  
Aq) c e r e b r a l  aqueduct; LL) l a t e ra l  l emniscus ;  RPO) ora l  
r e t i c u l a r  nucleus of the pens; NT) nucleus of t r o c h l e a r  nerve;  
PCS( s upe r i o r  c e r e b e l l a r  peduncle; R( mesencepha l ic  r e t i cu -  
l a r  format ion;  CNF) cune i form nucleus; T) t r o c h l e a r  nerve;  
TLD) l a t e rodo r sa l  t egmenta l  nucleus.  

b r a in  was marked  (by pass ing  a cu r ren t  of 0.1-0.2 mA for 15 sec) and the cat  was killed by injection of a 
l a rge  dose of pentobarbi ta l .  F ron ta l  sec t ions  were  cut through the mesencepha lon  and thalamus.  The s e c -  
t ions and s t r u c t u r e s  in them were  identified by r e f e r e n c e  to a t l a ses  [3, 12]. 

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

In a p r e l i m i n a r y  s e r i e s  of expe r imen t s  (not desc r ibed  in this paper) ,  in which e l ec t ro lys i s  of the in- 
t r a l a m i n a r  nuclei of the tha lamus  was not c a r r i e d  out, s t imulat ion of the t egmentum in intact  cats  was 
found to evoke s e v e r e  nociceptive r e s p o n s e s .  In subsequent  exper imen t s  those tha lamic  s t r u c t u r e s  whose 
injury sharp ly  reduced  the r eac t iv i ty  of the cats  to s t imula t ion  of the dental nerve and to e l ec t r i ca l  
s t imula t ion  of the l imbs  applied through the meta l  f loor  of the chambe r  were  the re fo re  coagulated [9, 10]. 
For  the s ame  reason ,  the use of s e m i m i c r o e l e c t r o d e s  was adopted. The local iza t ion of s t imula t ion  achiev-  
able by this method (using cu r r en t s  of 20-70 pA) a lso  helped to reduce  the nociceptive over lay .  
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Motor r e sponses  a r i s ing  to s t imulat ion of the dorsa l  pa r t  of the t egmentum mesencepha l i  and in fe r io r  
colliculi  between frontal  planes P0.5 and 1O2.5 (Fig. 1) were  invest igated.  

Stimulation in the ven t ra l  and cen t ra l  par t s  of the in fe r ior  coll iculus and also in the region of the dor -  
sa l  nuclei of the l a t e ra l  l emniscus  evoked turning of the head to the side away f r o m  the s t imulus  or  toward 
the s t imulus  (in the hor izonta l  plane) in 17 and. 2 ca ses ,  r e spec t ive ly .  Turning of the head evoked by teg-  
menta l  s t imula t ion  was usually accompanied  by f lect ion of the whole t runk toward the same  side (for e x a m -  
ple, head to the left,  t runk flexed with convexity to the right),  so that the cat  apparent ly  "chased i ts  ta i l . "  

In 5 cats  s t imulat ion of the in fe r io r  coll iculi  led to e levat ion of the head, s t ra ightening of the fo re -  
l imbs ,  and ra i s ing  the an t e r io r  pa r t  of the trunk. In 6 ca se s  during s t imula t ion  in the center  of the in fe r io r  
coll iculus the cats  p r e s s e d  against  the f loor,  dipped the i r  heads,  and flexed the i r  fo re l imbs .  Stimulation of 
13 points lying chiefly in the t egmentum evoked con t ra l a t e ra l  rotation, and s t imulat ion of 8 points evoked 
ips i l a t e ra l  ro ta t ion  with a c lea r ly  defined threshold  (20-50 pA) and la tent  per iod of 5-7 sec~. for  subthreshold  
s t imulat ion evoked only turning of the head. With s t rengthening of the cu r r en t  the intensi ty  of ro ta t ion  in- 
c r e a s e d  and the la tency of the r e sponse  dec reased .  Rotation continued throughout the period of s t imula t ion  
and stopped immedia t e ly  a f te r  its end. 

Stimulation in the reg ion  of the t egmentum mesencepha l i  in 19 cases  evoked running f rom place to 
place,  during which the animal  was excited, but the actual  running obse rved  was chaotic in s tyle  with f r e -  
quent changes of direct ion.  In 20 cases  af ter  a shor t  la tent  per iod (4-8 sec) the cat  began to run around 
the room and s o m e t i m e s  to jump on the wall; these movemen t s  continued throughout the period of s t imula -  
t ion and ceased  immedia t e ly  a f t e r  i ts  end. Somet imes  during stops (while s t imulat ion continued) the cat  
hid in the co rne r  or  p r e s s e d  agains t  the wall .  This behav io r  was often accompanied  by a c ry ,  by di latat ion 
of the pupils,  and by mictur i t ion .  

However ,  s t imulat ion of other  points (19 cases)  evoked only jumping upward or  onto the wall,  unac-  
companied by running. 

St imulat ion of 19 points lying in the region of the cunei form nucleus (13 of them in plane 1o2) caused  
the animal  to walk o r  run about the room,  usual ly  along the wal ls .  In 3 c a s e s  the animal  r an  in a c i r c l e  
with radius  0.5-1 m,  which is not the same  as rotat ion.  The moto r  r e sponse  had a threshold  of be tween 10- 
15 and 40-60 t~A and a latency of 3-8 sec.  With an inc rease  in the ampli tude of the s t imuli  the la tent  period 
was reduced  and the running speed inc reased .  The movemen t  was not accompanied  by a c ry ,  by jumping 
onto the wall,  o r  by mie tur i t ion ,but  di latat ion of the pupils was always observed .  

Stimulation of the t egmentum and in fe r io r  coll iculi  in 9 cases  evoked spas t ic  cont rac t ion  of the l imb 
musc l e s  or  f lect ion of the fo re l imb on the side of the s t imulus .  Somet imes  spas t ic  walking with st iff  l imbs  
was obse rved .  

Analysis  of the his tological  sect ions  showed that  e lements  of an effect ive r e sponse  (crying, m ic tu r i -  
tion, jumping on the wall) occu r r ed  only in those cats  (38 animals)  in which the foci of des t ruc t ion  of the 
tha lamus  were  smal l  in s ize  or  not p r ec i s e ly  local ized.  In those 25 ca se s  in which des t ruc t ion  of the in t r a -  
l amina r  nuclei of the tha lamus was sufficiently complete ,  turning of the head, rotat ion,  walking in a s t r a igh t  
line, o r  running, uncomplicated by o ther  r e s p o n s e s  than di latat ion of the pupils,  were  observed.  

These r e su l t s  conf i rm the view [6, 7, 15] that  movemen t s  evoked by mesencepha l ic  s t imula t ion  are  
p r i m a r y  r e s p o n s e s  to it  and not secondary  to a p r i m a r y  fac tor  of complex behav ior  (as, for  example ,  during 
the evoked a t tack of a cat  on a r a t  [5]). The evidence in suppor t  of this conclusion is ,  f i r s t ,  that  the reg ion  
whose s t imula t ion  evoked uncompl ica ted  locomotion under chronic  exper imen ta l  conditions is the s ame  as 
that  whose s t imulat ion evokes  locomotion in mesencepha l i c  cats  [1]. Second, evoked movemen t s  of the ani-  
ma l s  during chronic  expe r imen t s  a re  not d i rec ted  at the p e r f o r m a n c e  of any par t i cu la r  goal and can be o b -  
tained at  d i f ferent  momen t s  of the an i m a l ' s  natural  behav ior  unaccompanied by any significant  effect ive 
responses. 
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