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Susceptibi l i ty of motoneurons to an t idromic  inhibition was compared  when act ivated under  thre'e dif-  
fe ren t  conditions: 1) during tonic s t re tch ing  of the corresponding musc les ;  2) during pass ive  cycl ic  s t r e t c h -  
ing of the muscles ;  3) during locomotion of meseneephal ic  cats on a t r eadmi l l ,  evoked by Stimulation of a 
pa r t i cu l a r  region of the tectum meseneephal i .  

During evoked locomotion an t idromic  Stimulation was found to have no noticeable effect  on the f requen-  
cy  of motoneuron d i scharges  and the durat ion of its d ischarge  volley; during pass ive  cycl ic  s t re tching  of 
the musc les  the d ischarge  f requency  showed lit t le change but the durat ion of the vol ley ~ s  r educed .  

The effects  of an t idromie  s t imulat ion of motoneurons ( reciprocal  inhibition and facili tation) on im-  
mobi l ized p repa ra t ions  have been ex tens ive ly  studied [1, 4, 9, !0].  It has a l so  been shown that supraspinal  
[8] and a f fe ren t  [11] influences can modi fy  the act ivi ty of the Rensha~v cel ls  giving r i s e  to inhibi tory i n t e r -  
act ion between motoneurons .  How~ever, technical  difficulties have so f a r  p revented  the investigation of r e c i -  
p roca l  influences on motoneurons  during mo to r  activity.  

In the p resen t  invest igat ion the action of an~idromic s t imulat ion of a vent ra l  root  on the work of moto-  
neurons was compared  during walking and during a s t re tch  ref lex,  using a p repa ra t ion  with control led loc0-  
motion [3]. 

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

Traeheo tomy  and laminec tomy at the level L~-L 7 were pe r fo rmed  on ca ts  anes thet ized with ether;  
the vent ra l  root  of L 7 vms d issec ted  and divided at  its point of emergence  f rom the dura~ The carot id  a r -  
t e r i e s  were ~ e n  tigated and p reco l l i cu la r  decerebra t ion  pe r fo rmed .  The anes thes ia  was ended, the animal ' s  
head was f l ied  in a s t e reo tax ic  holder ,  and the limbs were  placed on the belt  of a t readmi l l  [3]. The spine 
was fixed in the lumbar  region by two paizs of metal  prongs .  Under these conditions locomotion s imulat ing 
natural  can be evoked by e l ec t r i ca l  Stimulation of a cer ta in  p a r t  of the mesencephalon  at  the b o rd e r  with 
the ports (Kors iey-Clarke  coordinates  of the end of the bipolar  e lec t rode  P2,  U4, HOb and imputse act iv i ty  
of single motoneurons  in a thin f i lament  f rom the ventral  root  of L 7 can be r eco rded  during walking [2]. 
The whole of the r e s t  of the root  was placed on another  pa i r  of e lec t rodes  for  an t id romie  st imulation.  

Af te r  isolat ion of a f i lament with a functionally i s 0 i ~ d  motoneuron generat ing impulses  during loco-  
mot ion,  the possibi l i ty  that it c o ~ d  be act ivated tonlcai ly by s t re tching a c e r t a i n  muscle  group o ther  than 
during locomotion was invest igated.  F o r  this purpose pass ive  movements  ~ e r e  p e r fo rm ed  at  different  
joints of the corresponding hind limb. The tonic impulse acti~Aty of the motoneuron  thus ob~Ined w~s in-  
hibited by an~idromic s t imulat ion of the vent ra l  root  of L~ (wid~ the except ion of the f i l ament  isolated from 
it). Anlidromic stim~ation was then carried o~ (~vi~ the s~m~e parameters--square p~ses, 0.I msec, 
70-100/see, 10-20 V) during evoked locon~otion. 
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T A B L E  1. F r e q u e n c y  of D i s c h a r g e s  ( p u l s e s / s e e )  
of  Motoneu rons  A c t i v a t e d  U n d e r  D i f f e r e n t  Cond i t i ons  
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1 D u r a t i o n  of v o l l e y  of  i m p u l s e s  r e d u c e d .  
2 In m o s t  c y c l e s  i nh ib i t i on  w a s  c o m p l e t e ,  but  in 
s o m e  f r o m  1 to  3 i m p u l s e s  remaAned  f r o m  the  whole  
vo l l ey .  
_bLq~. E a c h  n u m b e r  in  the  t a b l e  r e p r e s e n t s  the m e a n  
o r  t h r e e  a d j a c e n t  c y c l e s  (in the  4 r i g h t  co lumns )  o r  
f o r  two o r  t h r e e  a d j a c e n t  t e s t s  not  t e s s  t h a n 1  s e c  in 
d u r a t i o n  (in the 2 l e f t  c o l u m n s ) .  NS) ~ a l k i n g  wi thout  
s t i m u l a t i o n  of m e s e n c e p h a l o n ;  S) wa}king e v o k e d  b y  
s t i m u l a t i o n  of b r a i n  s t e m  ( s ee  a l s o  in text) ;  Sup) 

o n l y  d u r i n g  w a lk ing  evoked  b y  m e s e n c e p h a l i c  
p h a s e  of s u p p o r t ;  T r . )  p h a s e  of  t r a n s f e r ,  s t i m u l a t i o n .  

The  e f fec t  of a n t i d r o m i c  s t i m u l a t i o n  on d i s c h a r g e s  of n e u r o n s  Nos .  9 and  10 e v o k e d  b y  p a s s i v e  s t a t i c  
s t r e t c h i n g  of  the m u s c l e  ~ s  i n v e s t i g ~ t e d  b o t h  b e f o r e  and a f t e r  l o c o m o t i o n .  In  the c a s e  of n e u r o n s  Nos .  9 -  
11,  the  e f f ec t  of a n t i d r o m i c  s t i m u l a t i o n  was  [ n v e s t i g a t e d  d u r i n g  a c t i v a t i o n  b y  p a s s i v e  c y c l i c  m o v e m e n t  of 
the  j o i n t  with a f r e q u e n c y  of  1 and  2 / s e e  (in the  o t h e r  c a s e s  a f r e q u e n c y  of 1 / s e e  on ly  was  used ) .  

T r a c e s  ob t a ined  d a r i n g  an  e x p e r i m e n t  wi th  m o t o n e u r o n  No. 8 a r e  g i v e n  in F ig .  1. I t  d id  not  g e n e r a t e  
I m p u l s e s  s p o n t a n e o u s l y .  D a r [ n g  m a x i m a l  s t a t i c  f l e x i o n  of the  a n k l e  i t  f i r e d  a t  the  r a t e  of 31 d i s c h a r g e s /  
s e c .  A n t i d r o m i c  s t i m u l a t i o n  c o m p l e t e l y  inh ib i t ed  th i s  a c t i v i t y  (A). Dur ing  e v o k e d  l o c o m o t i o n  th is  m o t e -  
n e u r o n  f i r e d  in the  s u p p o A i n g  p h a s e  a t  the r a t e  of 4 4 / s e e .  A n t i d r o m i e  s t i m u l a t i o n  l o w e r e d  the f r e q u e n c y  
of the  d i s c h a r g e s  in the  v o l l e y  on ly  s l i g h t l y  (the l a s t  s t e p  in F i g .  1 B ) - - t o  4 2 / s e e .  An i n t e r m e d i a t e  r e s u l t  
was  o b s e r v e d  d u r i n g  a c t i v a t i o n  of  the m o t o n e u r o n  by  c y c l i c  p a s s i v e  f l ex ion  of  the  ank le  not  d u r i n g  l o c o m o -  
t i on ,  in the a b s e n c e  of s t ~ m a l a t i o n  of the b r a i n  s t e m .  Th i s  m o t o n e u r o n  u n d e r  t h e s e  c i r c u m s t a n c e s  f i r e d  a t  
the  r a t e  of 3 0 / s e e  and a n d d r o m i e  s t ~ t u l a t i o n  l o w e r e d  the f r e q u e n c y  of d i s c h a r g e s  in the v o l l e y  to 2 5 / s e e ,  
a p p r e c i a b l y  s h o r t e n i n g  the d u r a t i o n  of  the  v o l l e y  (F ig ,  1B). 

D u r i n g  a n t i d r o m i c  s t i znu l a t i on  of four  m o t o n e u r o n s  the im.putse a c t i v i t y  e v o k e d  by  s t a t i c  s t r e t c h i n g  
of the m u s c l e  c e a s e d  c o m p l e t e l y ,  an~ in a n o t h e r  fou r  i t s  f r e q u e n c y  fe l t  by  8 - 2 0  (12) i m p u l s e s / s e e .  In  a l l  
t h e s e  n e u r o n s  the f r e q u e n c y  of  d i s c h a r g e  d u r i n g  l o c o m o t i o n  was r e d u c e d  o n l y  s l i g h t l y  by  the s a m e  ant!~dro- 
mic stimulation. In the cache of nearons No-3. 4, 5, and 9, antidromic stimulation lowered the frequency of 

discharges evoked by sta~[e s~res of the muscle by 0nly,3-7/sec. In two of these cases ~}n almost 

identical decrease in f~qt?er:cy of impulse activity took place &~ring locomotion also, while in the ~hird~ 
inhibition was weakened d;Iz~n~j ioecmotio~. The motoneuroc~ whose freq~ency of tonic impulse aCt[vity was 
essentially reduced under ~he influence of antidl'o..~.n{e stimul~':ffr th~ h:%rd!y reacted to it at all &~ving }coo- 

m o t i o n .  M o t o n e u r o n s  s h e  : i : Z  wee:< inh ib i t ion  d u r ~ t g  ~nveSta.s ..ctiv:~[o:~ s o . c r i m e s  f a i l ed  s show a s i g -  
n i f i can t  d e c r e a s e  in s u s c ~ g t i b i l i t y  to ant id-~omic i-~hibition d~:!~:.,~ ! eco~ :o t ion .  

EXPERIMENTAL RESULTS 

R e c i p r o c a l  i n f l ue nc e s  du r ing  l o c o m o t i o n  
w e r e  i n v e s t i g a t e d  o n l y  on t h o s e  m o t o n e u r o n s  in 
wh ich  a n t i d r o m i c  s t i m u l a t i o n  r e d u c e d  the f r e -  
q u e n c y  of d i s c h a r g e s  evoked  by p a s s i v e  n~ove-  
m e n t s  a t  a j o in t .  In  5 e x p e r i m e n t s  11 such  m o t e -  
n e u r o n s  w e r e  r e c o r d e d  (Table  1). T h r e e  of 
t h e s e  n e u r o n s  (Nos.  1, 3, 7) cou ld  be a c t i v a t e d  
b y  p a s s i v e  m o v e m e n t s  of the h ip  j o i n t ,  the  r e s t  
o n l y  b y  d o r s i f ! e ~ o n  of the  a n k l e .  M o t o n e u r o n s  
of  t he  m u s c l e s  of  the  hip j o in t  gave v o l l e y s  of 
i m p u l s e s  d u r i n g  e v o k e d  l o c o m o t i o n  bo th  in  the  
p h a s e  of s u p p o r t  and  in the p h a s e  of t r a n s f e r  of 
of  the  l i m b ,  but  the  a n k l e  m o t o n e u r o n s  gave  
v o l l e y s  o n l y  i n  the  p h a s e  of  suppor 'c .  

In  two experiments in which d i s c h a r g e s  
w e r e  r e c o r d e d  f r o m  m o t o n e u r o n s  (Nos.  7 -11) ,  
the  b r a i n  s t e m  was  d i v i d e d  so  tha t  the p r e p a r a -  
t i o n s  w e r e  s t i l l  a b l e  to walk  in the a b s e n c e  of 
s t i m u l a t i o n  of the  b r a i n  s t e m  a long  a s l o w l y  (up 
to 0.5 m / s e c )  m o v i n g  be l t  [3]. In a n o t h e r  t h r e e  
e x l ~ e r i m e n t s ,  the p r e p a r a t i o n s  w e r e  uriable to 
m a k e  s t e p p i n g  m o v e m e n t s  wi thout  s t i m u l a t i o n  
of  the  b r a i n  s t e m .  D u r i n g  wa lk ing  ~qthout  s t i -  
m u l a t i o n  a c t i v i t y  ~ s  r e c o r d e d  in n e u r o n s  
Nos .  7 and 9 -11 .  D i s c h a r g e s  ef  the  l a s t  t h r e e  
m o t o n e u r o n s  w e r e  a l s o  r e c o r d e d  d u r i n g  l o c o m o -  
t i on  e v o k e d  by s t i m u l a t i o n  of the b r a i n  s t e m .  
M o t o n e u r o n s  Nos .  1 - 6  and 8 w e r e  i n v e s t i g a t e d  
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Fig. 1. Discharges of motoneuron during static stretehLng of 
ankl e extensors (A), during rh}Cnmic stretching of extensors  
(B), and during evoked locomotion (C). F} activity of filament; 
~) longitudinal displacement of foot during walking (upward 
deflection of curve corresponds to phase of t ransfer  of limb) 
or  during passive flexion of joint (upward deflection of curve 
denotes decrease in angle of ankle joint); I) marker  of s t imu-  
lation of brain stem by square pulses,  1 rese t ,  30 /see ;  
V) velocity of movement of treadmill belt (during interval be-  
tween two marks belt advances 0.5 m). Arrow above denotes 
end of antidromic stimulation of ventral roo~ of L~ at 100/see .  
Stimulation art ifacts  also visible. 

In nearly all motoneurons investiga~d during cyclic passive stretching of ~he muscle the frequency of 
t h e i r  discharges fell during ant[dromic stimulati.on to a l e s se r  degree than during static stretching, but the 
duration of the volley was usually shortened. Because of the shortening of the low-frequency ~tail" of the 
volley, the mean frequency of impulses in it was sometimes unchanged or  even increased (neuron No. 10). 
During locomotion the effect of antidromie stimulation was ~'eaker still than during cyclic passive s t re tch-  
ing of the muscle: not only the frequency of the discharges but also the duration of the volley usually re -  
mained unchanged. 

Granit and Renkin [7] found that during static activation of a motoneuron by stretching the correspond,  
ing muscle,  antidromic stimuletion lowers the frequency of impulse activity of the motoneuron by the same 
extent re~ardless of the initial frequency of its impulse activity over a wide range of frequencies. However, 
the effe6tiveness of antidromic inhibition is appreciably influenced by the magnitude of "excess excitation" 
not reflected in the frequency of impulse generation by the motoneuron [6]. This phenomenon of "excess 
excitation," whose mechanism has not yet been explained, may be the reason for the difference in effective- 
ness of antidromic stimulation during locomotion and during myotatic acti~_tion of motoneurons. During 
locomotion the motoneuron generates volteys of impulses lasting only a few tenths of a second, so that the 
"excess excitation," if present  under these conditions, is unahle to disappear, thus leading to weakening of 
antidromic i~_bibidon. 

However, the ineffectiveness of ~n~d~romic inhibition durihg evoked locomotion may be due also to 
inhibition of the Renshaw cells, An ~mportant factor here must clearly be the cycli.o pattern of motoneuron 
activity. This is sho~vvn by the. decrease in effectiveness ofantidromic in}-dbition during aCtiVation of the 
motoneuron by cyclic pussire n~uscl.e stretching. In this connection, i~ is interesting to note the absence of 
reciprocal inhibition.of the ~noto~.~urons of the diaph~m [5], which unde2 ~tu/~l co~dldons operute al- 
most en~irel:I on a cyclic p~ttern, Ho~vever, the effeCt[.vene~s of ant[dnon~Ic ir~ibition durlng evoked loco- 
motion is ~ppreci~b[y reduced e~en when compared with what .is observed during cyclic activation.of rnoto- 
~euro~'~ by pas~i~e muscle stretching. 

Aatidron%I~ sthnalad~n of none Of ihe [nves$~[g~ted rnotoneu~'ons lo'~e.red the frequency' of successive 
ir~3~l~ ~n the volley du.@Ing walking b.y more th~n 5/s.ee, Bearing in mind that under these circumstances 
.~ne~.r[y ~A[ aXo~ of ~e ventral root were stimulated at very high frequency, the observed effects of antidro- 
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mic inhibition can be taken as maximal. During natural walking only some of the motoneurons are excited 
and the frequency of their impulse, activity is much lower. During v,~Iking, reciprocal inhibition evidentl) ~ 
does not play an essential role in determining the frequency of impulse activity of the motoneurons, 
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