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Bi la te ra l  des t ruc t ion  of the medulla ,  in te r rupt ing  both " locomotor  s t r i p s , "  was c a r r i e d  out on 
mesencepha l i c  ca ts ,  Af ter  the opera t ion  walking could stil l  be induced by s t imulat ion of the 
m o r e  r o s t r a l  (and a lso  caudal) por t ion of the s t r ip ,  although in some expe r imen t s  the  th resho ld  
of walking was r a i s ed .  The  connect ion of the " locomotor  s t r i p"  with o ther  s t r u c t u r e s  of the 
b ra in  s t e m  and spinal co rd  is  d i scussed  on the bas i s  of t he se  findings.  
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E lec t r i ca l  s t imulat ion of a ce r t a in  pa r t  of the b ra in  s t em induces the  mesencepha l i c  cat  to walk on a 
t r eadmi l l .  Points  whose s t imula t ion  induces walking f o r m  the " locomotor  s t r i p "  (LS), which s t r e t ches  at a 
d is tance  of 4 m m  f r o m  the sagi t ta l  plane along the whole of the h indbrain  - f r o m  the midbra in  to the spinal 
co rd  [2, 5]. LS contains  neurons  giving synaptic r e s p o n s e s  to s t imula t ion  of adjacent  por t ions  of LS [3], a l -  
though this  does not ru le  out the p r e s e n c e  of axons d i rec t ly  connecting the bra in  s t em with the spinal  cord  in 
it. I f  this  axonal component  of I ~  p lays  a s ignif icant  ro le ,  a f t e r  in te r rupt ion  of US s t imulat ion of i ts  m o r e  
ro s t r a l  por t ion  ought not to induce locomot ion.  It is shown in the invest igat ion desc r ibed  below that  b i la te ra l  
des t ruc t ion  of the bulbar  US does not abol ish  the  locomoto r  effect  of s t imula t ion  of i t s  m o r e  r o s t r a l  port ion.  

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

P r e c o l l i c u l a r  dece reb ra t ion  was p e r f o r m e d  on ca ts  under  e ther  anes thes ia  a f t e r  t r a cheo tomy  and l igat ion 
of the ca ro t id  a r t e r i e s .  The  ventra l  boundary of the incis ion p a s s e d  between the  m a m i l l a r y  bodies  and the 
point  where  the  th i rd  pa i r  of c ran ia l  ne rve s  e m e r g e s  [1]. P a r t  of the  occipi tal  bone and the t en to r ium c e r e -  
bell i  were  r emove d .  The  c a t ' s  head was fixed and i ts  body suspended so that  the  l imbs  touched the  belt  of the 
t r e admi l l .  

St imulat ing e lec t rodes  (tungsten wi re  20 ~ in d i ame te r ,  insulated with g lass ,  ou te r  d i a m e t e r  of  e lec t rode  
40-100 ~) we re  in t roduced into the midbra in  and medul la  about 4 m m  away f rom the sagi t tal  plane.  Monopolar  
s t imulat ion was c a r r i e d  out with s qua re  pulses ,  of negat ive  polar i ty ,  0.2 m s e c  in durat ion for  the bulbar  IS  
and 0.4 msec  fo r  the midbra in ,  with a f requency  of 60 }tz. The  e l ec t rode  was moved  i n a d o r s o v e n t r a l d i r e c t i o n  
until a point was found whose s t imula t ion  with a c u r r e n t  of under  40 #A induced walking [2, 5, 3]. This  point 
was then des t royed  by pass ing  a d i r ec t  cu r r en t  through it, a f t e r  which walking was again induced by s t imulat ion 
of a l o c o m o t o r  point in the midbra in  o r  in another  pa r t  of the medulla .  Next,  in m o s t  exper imen t s  the s y m -  
m e t r i c a l  l ocomoto r  point was located  in the medul la ,  it a lso was des t royed,  and a t t empts  we re  then made to 
induce walking by s t imula t ion  of the midb ra in  or  o the r  pa r t s  of LS. Al together  22 expe r imen t s  we re  c a r r i e d  
out. 

The  locat ion and s ize  of  the  in jur ies  we re  ver i f i ed  in photographs  of sec t ions  cut on a f r eez ing  m i c r o -  
tome .  The  H o r s l e y - C l a r k e  coord ina tes  were  taken f r o m  a s t e reo tax ic  a t las  [4]. 

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

Nei the r  uni la tera l  nor  b i l a te ra l  des t ruc t ion  of the bulbar  LS (P 11-13) p reven ted  walking f r o m  being 
induced by s t imulat ion of the l ocomoto r  point in the midbra in  (P2) o r  of  another  point in LS, no m a t t e r  whether  
it was s i tuated r o s t r a l l y  (P 7-8) o r  caudal ly to the l es ion  (five exper iments ) .  
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Fig.  1. Bi la te ra l  des t ruc t ion  of medulla  a t  level  P 11-13 following which walking was 
induced by st imulat ion of m o r e  ro s t r a l  points of LS. 1, 2, 3) Fronta l  sect ions through 
medulla  of  t h r e e  prepara t ions ;  a, b, c) corresponding schemes .  In top schemes  a and b, 
coagulation tags indicate points whose st imulat ion induced walking a f t e r  dest ruct ion of 
the medulla .  1) Cor responds  to bottom schemes  (a), 2) to bottom scheme  (b), 3) to top 
scheme (c). 

Foc i  of des t ruct ion of the medulla a re  indicated in Fig.  1 ( three exper iments) .  In one exper iment  (Fig. 
1, 1) st imulation through the left  e lec t rode  16 mm f rom the sur face  of the ce rebe l lum induced walking with all 

f o u r  l imbs (25 ~A), whereas  at a d is tance of 16.5 mm f rom the sur face  walking was induced s imi la r ly  but by a 
cu r r en t  of 35 ~A. Stimulation through the  r ight  e lec t rode  15.5 mm f rom the sur face  of the cerebe l lum induced 
dropping of the lower  jaw and weak stepping movements  with all four  l imbs (30 ~A), at a depth of 16-17 mm it 
induced walking with all the  l imbs (20 pAL and at 17.5 mm walking changing into rapid  spastic contract ion of 
all the l imbs (40-45 pA); with a sma l l e r  cu r r en t  no walking developed. After  e lec t ro ly t ic  des t ruct ion of all 
points whose st imulat ion induced walking (Fig. 1, la ,  the  bottom th ree  schemes) s t imulat ion of the left  LS 5 
mm ros t r a l l y  to the cen te r  of the lef t  focus of dest ruct ion induced walking with all the l imbs (25-30 #A; Fig.  
la ,  top scheme).  The  same effect  was obtained in r e sponse  to s t imulat ion of  a region 4 mm caudally to the 

focus  of  des t ruct ion (30 pAL 

In two o ther  exper iments  (Fig. 1) bi la tera l  des t ruc t ion  was c a r r i e d  out at points st imulation of which by 
a c u r r e n t  of 20-30 #A induced walking with all the l imbs.  Subsequent st imulation (35 pA) of a point located 
4 mm r o s t r a l l y  to the left  focus (Fig. 1, 2bi and s t imulat ion (30 ~A) 4 mm ros t r a l l y  and caudally to the r ight  
focus (Fig. 1, 3c) induced walking by all the l imbs.  In both exper iments  walking could be induced af ter  de- 
s t ruc t ion  by st imulat ion of the  midbra in  (25 /~A in exper iment  2, 100 pA in exper iment  3). 

Stimulation at levels  P9-14 and in the midbrain  (P2) continued to induce walking even af ter  dest ruct ion 
in the caudal pa r t  of the  medulla  (P16-18, four  exper iments ) .  The  loci of des t ruct ion c a r r i e d  out on the left  
a t  a point whose st imulat ion (25 ~A) induced walking with all four l imbs,  and on the r ight  induced walking com-  
pl icated by genera l  spas t ic i ty  (20-25 ~A), a r e  shown in Fig.  2a. Dest ruct ion on the r ight  was m o r e  extensive.  
Af ter  des t ruc t ion  st imulat ion at level  P l l  on the  lef t  (25 /~A) induced stepping movements  with the fore l imbs ,  
whereas  on the r igh t  as before  i t  induced locomotion complicated by genera l  spast ic i ty  (20-25 ~A). Foci  of 
des t ruct ion  produced in the o ther  exper iment  a r e  shown in Fig.  2b (bottom schemes) .  Af te r  them, walking 
could also be induced by s t imulat ion of the  m o r e  ro s t r a l  point (top scheme),  although the threshold  of walking 
was inc reased  f rom 40 to 60 #A.  
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F ig .  2. B i la te ra l  des t ruc t ion  of medul la  at 
level  P16-18,  a f t e r  which walking could be  
induced by s t imula t ion  of m o r e  r o s t r a l  points 
of LS. a, b) Schemes  for  two dif ferent  ex-  
p e r i m e n t s .  Top s chemes  show tags  of  points  
(on right)  s t imula t ion  of which induced l o c o -  
mot ion a f t e r  des t ruc t ion .  Photograph c o r r e -  
sponds to second scheme  f r o m  bot tom in (a). 
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Fig.  3. Two coagulat ions c a r r i e d  out on one t r a c k  (P17) 
a t  points whose s t imula t ion  induced walking. Af t e r  de-  
s t ruct ion,  s t imula t ion  on e i ther  s ide a t  level  P 14 induced 
locomot ion  with all the l imbs ,  a) Scheme  of sect ion shown 
in photograph; b) s i m i l a r  s c h e m e  f r o m  another  expe r i -  
ment .  

In four  expe r imen t s  the  effect  of des t ruc t ion  of the  l ocomoto r  points on the  ef fec t iveness  of  s t imulat ion 
of a neighboring point on the s a m e  t r a c k  was studied (Fig. 3). To  begin with coagulat ion was applied at  a point 
whose  s t imula t ion  induced walking without any o ther  m o t o r  effects ,  a f te r  which a m o r e  dorsa l  point was s t i m -  
ula ted.  In one expe r imen t  s t imula t ion  at  a depth of 13.5-14 m m  f r o m  the su r f ace  of the c e r e b e l l u m  induced 
walking by all the  l imbs  (in th is  ca se  the fo re l imbs  were  spas t ic)  and dropping of the lower  jaw (15 #A).  At a 
depth of 14.5 m m  only opening of the  mouth was obse rved ,  but at  a depth of 15 m m  walking took p lace  without 
any side effects  (13 #A). Af ter  coagulat ion at a depth of 15 m m  (see the photograph in Fig .  3) s t imulat ion at a 
depth of  14 m m  induced stepping movemen t  by the fo r e l imbs ,  compl ica ted  by spas t ic  cont rac t ion  of the i r  musc l e s  
(16 ~A). 
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Locomotion induced by stimulation of the point dorsal to that from which walking could be induced with- 
out any motor side effects was usually accompanied by dropping of the lower jaw or  by general spasticity (on 
more  medial tracks).  Often stepping movements were car r ied  out only by the forelimbs, but noncyclic spastic 
contraction developed in the muscles of  the hind limbs. 

Destruction of the dorsal point (located within the spinal nucleus of the trigeminal nerve or on its dorsal 
boundary) had no effect on walking induced from the bulbar LS ros t ra l ly  to the loci of destruction or from the 
midbrain. 

In three  experiments af ter  unilateral destruction at level P 18, affecting an extensive region (including 
funiculi) ventrally to the spinal nucleus of nerve V, ipsilateral stimulation at more  ros t ra l  levels did not induce 
locomotion. In one experiment stimulation of the midbrain (25-30 ~A) induced walking after  extensive ipsi- 
lateral  destruction at level P 17-18 (Fig. 3b), but the hind limb on the side of stimulation did not participate. 
After extensive contralateral  destruction, affecting a large region ventrally to the spinal nucleus of nerve V, 
stimulation no longer induced walking. 

Stimulation at level P 16-18 (13-25 ~A), incidentally, could induce walking with all the limbs, not just 
stepping movements by the ipsilateral hind limb [2]. In four cats,  in which the ventral boundary of the incision 
through the brain stem passed along the anterior  border  of the pons, stimulation of LS also induced walking. 
In four experiments walking could be induced by stimulation at level P 11-12 even in animals with an incision 
in  the brain stem passing through the middle of the superior  colliculi and cutting off the anterior  quarter  of the 
pons. 

Bilateral  destruction of the bulbar IS at level P 11-13 thus did not prevent walking from being induced 
from other parts of the brain stem. The possibility of inducing locomotion still remained even after destruction 
at levels P 16-18, although the threshold of locomotion in some experiments was raised.  However, in other 
experiments, after extensive destruction (even unilateral) it was impossible to induce locomotion. 

The results  of these last experiments was evidently determined not by interruption of the strip, but by 
injury to the pathways through which the various descending system of the brain stem exert  their  tonic influ- 
ence on the spinal cord. 

It must also be pointed out that in five experiments unilateral destruction of LS at level P 12-18, on the 
other hand, led to a shift in the animal's condition toward greater readiness to walk. Now it was sufficient to 
set the treadmill belt in motion for stepping movements to be induced even without electrical stimulation of 
the brain stem. 

The possibility of induced locomotion by stimulating a point rostrally to loci of bilateral injury of LS is 
evidence against the view that LS is a descending tract running directly into the spinal cord and giving off no 
collaterals to s t ructure in the brain stem. The results  a re  more  in agreement with the hypothesis that LS is 
a column of neurons connected not only with each other [3], but also with neurons located outside IS.  These 
neurons can provide a "bridge n across  the injured region of LS (its rostrocaudal extent in these experiments 
was usually 1-2 ram) or  can t ransmit  impulses to the spinal cord along pathways avoiding I~ .  

lo 
2. 
3. 
4. 

5. 

LITERATURE CITED 

M. L. Shik, F.  V. Severin, and G. N. Orlovskii, Fiziol. Zh. SSSR, No. 9, 1125 (1967). 
M. L. Shik and A. S. Yagodnitsyn, Neirofiziologiya, No. 1, 95 (1977). 
M. L. Shik and A. S. Yagodnitsyn, Neirofiziologiya, No. 5, 510 {1978). 
A. L. Berman, The Brain Stem of the Cat: a Cytoarchitectonic Atlas with Stereotaxic Coordinates, 
Madison, Wis. (1968). 
S. Mori, M. L. Shik, and A. S. Yagodnitsyn, J. Neurophysiol., 40_, 284 (1977). 


