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In experiments on curarized mesencephalic cats, stimulation of the brain stem which, before 
eurarization, evoked stepping movements, increased the reflex response of the radial nerve 
to stimulation of the afferent fibers of the hind limb and shortened the latent period of this 

reflex. 

Unlike the segmental reflexes of the spinal cord, relatively little is known regarding the longreflexes- 

those from limb receptors of one girdle to motoneurons of the other girdle-and their importance remains 
unexplained. The existence of interlimb reflexes has been known for a long time [3, 7, 14]. However, the 

electrophysiological analysis of these reflexes started much later [I, 2, 12, 13]. 

During the study of locomotion of dogs on a treadmill, indications were obtained of the essential im- 
portance of interaction between the limbs in movement coordination [4]. More direct data were obtained by 
the use of a preparation with guided locomotion [6]. It was shown that natural reflexes from the forelimbs 
on motoneurons of the hind limbs, which are absent in the mesencephalic cat, appear in response to stimu- 
lation of a part of the brain stem which, before curarization, evoked locomotion [5]. 

This observation suggested that interlimb reflexes play a role in locomotion, although the conditions 
under which they were elicited were such that it was impossible to estimate the latency of these responses. 

The object of the present investigation was to determine whether ascending interlimb reflexes are 
strengthened during stimulation of the part of the brain stem, stimulation of which in the noncurarized 
mesencephalic cat evokes locomotion. 

EXPERIMENTAL METHOD 

Lumbar laminectomy was performed under ether anesthesia, and the dorsal root of L~ was dissected 
for stimulation. In other experiments the peroneal, tibial, or sciatic nerve was dissected for stimulation 
and divided distally to the electrodes. The radial nerve and the nerve to the gastrocnemius muscle or deep 
peroneal nerve were dissected for recording. 

The carotid arteries were ligated and precollicular decerebration carried out [6]. The anesthesia 
was stopped, and the experiment began 3 h later. The threshold strength of stimulation of the mesencephalic 
~locomotor region" to produce stepping movements was determined [6]. The animal was then immobilized 
by intravenous injection of D-tubocurarine (0.1-0.2 mg per cat),and artificial respiration was applied. The 
nerves and spinal cord were covered with mineral oil, and the carts temperature maintained at 37 ~ 

The dorsal root and nerve were stimulated, usually by a volley of 3-6 square pulses (duration of volley 
5-9 msee; pulse duration 0.5 msee; voltage 0.5-4 V), at a frequency of once every 2 sec. In some cases 
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Fig.  1. I p s i l a t e r a l  ascending and segmenta l  
r e f l exes  evoked by  appl icat ion of a single 
s t imulus  to do r sa l  root  Ly. Top beam shows 
r e sponse  of r ad ia l  ne rve ,  bot tom beam r e -  
sponse  of deep peronea l  nerve .  A: 1-3) R e -  
f lexes  dur ing s t imula t ion  of roo t  in i n c r e a s -  
ing s t rength  (1/2 see);  B) effect  of f requency 
of s t imulat ion:  1) 1/2 sec ,  2) 2 / s e c ,  3) 1/2 
sec  again;  C and D) effect  of s t imula t ion  of 
b ra in  s t em:  1) before ;  2) during; 3) a f t e r  
s t imula t ion  of b ra in  s tem.  Strength of s t i m u -  
lat ion in B and C the s a m e  as  in A2. Strength 
of s t imulat ion in D the s a m e  as in A1. T ime  
of appl icat ion of s t imulus  shown below. A m -  
plitude of ca l ib ra t ion  s ignal  in D for  top beam 
20 pV, for  bottom beam 250 pV. In r e m a i n -  
ing f r a m e s  ampli tude of ca l ib ra t ion  signal  for  
top beam 50 pV, for  bottom beam 1 inV. T ime 
m a r k e r  20 m s e c .  

single pulses  were  given at a f requency of 2 / sec .  The 
mesencepha lon  ( H o r s l e y - C l a r k  coordina tes  P2, Y4, H0) 
was s t imulated through a b ipolar  e lec t rode  made f rom 
two varn ished  n ichrome wi re s ,  0.1 m m  in d i ame te r ,  
glued together  so that the dis tance between the i r  t ips  
was 0.5-1 ram. The f requency of s t imula t ion  was 
30-40 p u l s e s / s e c  and i ts  voltage was 6-20 V. 

Stimuli were  genera ted by a s t imula to r  with two 
independent outputs,  built  by Yu. B. Kotov. The s t i m u -  
lat ing pulses  were  applied through a dividing t r a n s -  
f o r m e r .  E l ec t r i c a l  r e s p o n s e s  of the ne rves  were  fed 
through a UBP1-02 biopotential  ampl i f i e r  with t r a n s -  
m i s s i o n  band 10-2000 Hz to the p la tes  of a CRO f rom 
the s c r e e n  of which they were  photographed.  Usual ly  
five sweeps  of the beam were  superposed  on one f r ame .  

In 19 expe r imen t s  the ip s i l a t e ra l  ascending r e -  
flex (AR) f r o m  the do r sa l  root  of L7 to the rad ia l  nerve 
was r eco rded  and in 12 expe r imen t s  pa ra l l e l  r ecord ings  
were  made of r e s p o n s e s  of the ips i l a te ra l  ne rve  to the 
gas t rocnemius  musc le  or  the deep peronea l  nerve .  In 
addition, in 5 expe r imen t s  the con t r a l a t e r a l  AR was 
studied. No significant d i f fe rences  were  found between 
the i p s i l a t e r a l  and eon t ra l a t e ra l  ARs. 

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

The latent  per iod of the AR was usually 15-17 
m s e c ,  with possible  va r ia t ions  f rom 10 to 30 m s e c .  
This  r e s p o n s e ,  usual ly  sca t t e red ,  las ted 10-12 m s e c .  
In some expe r imen t s  a r e sponse  with durat ion 12-16 
m s e c  was accompanied  by less  constant  r e s p o n s e s  with 
latent  per iods  of 20-26 and 30-40 m s e c .  These  late 
r e s p o n s e s  became  vis ible  when the s t rength  of s t i m u -  

lat ion was adequate.  The i r  ampli tude was inconstant ,  but as a rule  it was s m a l l e r  than the ampli tude of the 
s h o r t - l a t e n c y  r e sponse  (Fig. 1A). The AR was evoked far  m o r e  eas i ly ,  and was s t ronge r  in r e sponse  to 
s t imula t ion  of the do r sa l  root  by a vol ley of pulses  than to s t imula t ion  by a single pulse.  Somet imes  the 
AR inc reased  cons iderab ly  in ampli tude during the exper iment .  

In 7 of the 14 p r epa ra t i ons  the AR was s t rengthened by a change in the f requency of s t imulat ion f rom 
1/2 see to 2 / s ee  (Fig. 1B). The latent  per iod of the AR d e c r e a s e d  f rom 11-20 to 9-16 m s e c .  In 6 of these 
7 expe r imen t s  only the s h o r t - l a t e n c y  r e s ponse  was s t rengthened.  After  a r e tu rn  to l ess  f requent  s t i m u l a -  
tion the AR rema ined  s t rengthened for  s e v e r a l  tens of seconds.  Stimulation at 2 / sec  evidently can sub-  
s tant ia l ly  modify  the s ta te  of the cen t ra l  nervous  sy s t em in the mesencepha l i c  cat.  The inc rease  in s t rength  
of the AR was pe rhaps  a s soc ia t ed  with coordinat ion of the s tepping m o v e m e n t s ,  the rhythm of which in the 
running cat  is  about 2 / sec .  

In two e x p e r i m e n t s  the la tent  per iod of the AR was shor tened bu~the ampli tude of the r e sponse  did not 
i n c r e a s e ,  while in five e x p e r i m e n t s  the ampli tude fell as  the f requency  of s t imulat ion rose .  

Stimulation of the b ra in  s tem (of a s t rength  l ess  than or equal to that which, before  cura r iza t ion ,  
evoked locomotion) s t rengthened the AR in 21 of 22 exper imen t s .  In mos t  expe r imen t s  s t rengthening of 
the sho r t - l a t ency  component  of the AR was observed  (Fig. 1C), and this component  could a r i s e  against  the 
background of s t imula t ion  of the b ra in  s tem even if hi ther to it  had hardly  exis ted at  all  (Fig. 1D). The 
latent  per iod  of the AR was reduced  to 8-15 m s e c .  In th ree  expe r imen t s  s t imulat ion of the bra in  s tem 
s t rengthened two components  of the AR with la teneies  of 10-15 and 18-28 msee .  
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Fig. 2. Effect  of st imulation of brain stem on ipsi la teral  a s -  
cending and segmental  ref lexes evoked by stimulation of the 
dorsa l  root  of L~. Top beam gives response  of radial  nerve,  
bottom beam response  of nerve to gas t rocnemius :  1) before,  
2) during, and 3) after  st imulation of brain s tem; A-C) s t imu-  
lation applied as a volley of pulses;  D) as a single pulse. Cal i -  
bration signal for top beam 50 ~V; for bottom beam 1 inV. 
Time m a r k e r  20 msee.  
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Fig. 3. Reflex of radial  nerve in response  
to st imulat ion of ips i la tera l  peroneal  nerve. 
A) Effect  of frequency of stimulation: 1) at 
1/2 sec; 2, 3) at 2 / sec ;  B, C) effect of s t imu-  
lation of brain  s tem:  1) before,  and 2, 3) 
during st imulat ion of brain stem. Afferent 
st imulation in B and C applied at 1/2 sec.  
Calibrat ion signal 20 pV. Time rharker  20 
msec .  

In six experiments  not only the AR but also the 
segmental  reflex was strengthened during stimulation of 
the brain stem (Fig. 1C). However, even if the s trength 
of afferent  st imulation was submaximal for  the segmental  
reflex, st imulation of the brain  s tem could increase  the 
AR significantly more  than the segmental  reflex (Fig. 1D). 

In four experiments  the segmental  reflex either was 
inhibited by or did not respond to stimulation of the brain  
s tem,  and somet imes  inhibition of the reflex appeared to 
al ternate with its strengthening. A few examples of the 
effect of b ra in - s t em stimulation, taken from one such 
experiment ,  are  i l lustrated in Fig. 2. It is c lear  that in 
all four tes ts  the AR was increased by stimulation of the 
brain stem and that its latent period was shor te r  than in 
the background period. The reflex response in the nerve 
to the gas t rocnemius  muscle  was inhibited in some sweeps 
of the beam, and in others it was strengthened (A, B); in 
C its amplitude was unchanged, and in D it was inhibited 
by stimulation of the brain  stem. 

In two experiments  the AR was recorded  paral lel  
with the polysynaptic reflex of the nerve to the gas t roc -  
nemius muscle .  The latter reflex was unchanged by s t imu-  
lation of the brain s tem, while the AR was strengthened. 

In four experiments the diagonal AR was investigated parallel with the crossed reflex of the nerve to 

the gastrocnemius. During brain-stem stimulation the AR always increased more than the crossed seg- 

mental reflex. In one experiment an increase in Strenglh of the AR was accompanied either by inhibition 
or by facilitation of the crossed segmental reflex. 



In 17 expe r imen t s  the AR was evoked by s t imulat ion of pe r iphe ra l  ne rves  (the common peronea l ,  
sc ia t i c ,  o r  con t r a l a t e r a l  t ibial  nerve) .  Stimulation of these ne rves  gave ve ry  s i m i l a r  r e su l t s  to those ob-  
tained by s t imula t ion  of the do r s a l  root .  This  appl ies  both to the latent  period and shape of the ARs and to 
the i r  abi l i ty to be s t rengthened dur ing s t imula t ion  of the bra in  s tem and during an i nc rea se  in the f requency 
of a f fe ren t  s t imulat ion.  Strengthening of a weak AR in r e sponse  to a change in the f requency of s t imulat ion 
to 2 / s e e  (A) and to s t imula t ion  of the b ra in  s tem (B) is i l lus t ra ted  in Fig. 3. In the l a t t e r  case  two c o m -  
ponents of the r e spons e  become  c l ea r l y  vis ible .  In the course  of the expe r imen t  the AR inc reased  (C). 
Stimulation of the b ra in  s t em s t rengthened this inc reased  AR st i l l  m o r e .  Stimulation of the b ra in  s tem 
could a lso  s t rengthen an AR evoked by s t imulat ion at  2 / see .  

The sca t t e r ed  c h a r a c t e r  of the AR or  i ts  cons is t ing  of two components  could be due to the exis tence  
of two s y s t e m s  of long re f l exes :  p ropr iosp ina l  and spinobulbospinal  [9, 10, 15, 16]. If the two fac to r s  
( ' l o c o m o t o r "  f requency  of a f f e ren t  s t imulat ion and Stimulation of the b ra in  s tem of the so r t  which, before  
cu ra r i za t ion ,  evoked s tepping movemen t s )  were  present ,  the AR was s t rengthened and became  m o r e  syn-  
chronous ,  and the t ime  requ i red  for  in te rac t ion  between the l imbs  was shortened.  These  observa t ions  a re  
in a g r e e m e n t  with the hypothes is  tl~a+ i a t e r l imb  re f l exes  play an impor tan t  role  in locomotion.  

Strengthening of the AR in r e s pons e  to s t imulat ion of the Wlocomotor region ~ of the mesencepha lon  
cannot be explained s imply  by diffuse faci l i ta t ion of motoneurons .  F i r s t ,  s t rengthening of the AR is a s -  
socia ted  with shor tening of i ts  la tent  per iod by 1-4 m s e c  (and in some cases  by 10 msec ) .  The shor tening 
of the la tency is evidently explained by descending influences on the in te rneurons  of this polysynaptic  r e -  
flex (see a lso  [8, 11, 17]). Second, in some  ca se s  an inc rease  in s t rength  of the AR was not accompanied  
by s t rengthening of the segmen ta l  re f lex ,  and s o m e t i m e s  the l a t t e r  re f lex  was actual ly  inhibited by b r a i n -  
s t em st imulat ion.  It  m a y  the re fo re  be cons idered  that  s t imulat ion of the " locomotor  region"  of the b ra in  
s t em in the immobi l i zed  an imal  evokes  a coordinated,  r a t he r  than diffuse,  change in the s tate  of the va r ious  
in terneuronal  s y s t e m s  of the spinal  cord.  
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