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S P I N A L  P A T H W A Y S  F O R  C O R T I C A L  I N F L U E N C E S  

ON L U M B A R  M O T O N E U R O N S  IN R A T S  

E .  S .  B o g a t y r e v a  UDC 612.815.2-08:612.83-089o85 

Postsynapt ic  responses  evoked f rom the motor  cor tex  in lumbar motoneurons in rats with 
part ial  t ransec t ion  of the spinal cord were  investigated by int racel lular  recording.  In t ra -  
cor t ical  micros t imula t ion did not evoke postsynaptic responses  af ter  division of the dorsal  
columns of white mat te r  at the level T6-T 8. Corticospinal influences remained intact af ter  
division of the ventral  columns at the level T6-T7; ventral  cordotomy in the region Ta-T 9 
abolished cor t ico-motoneurona l  EPSPs .  It is concluded that pyramidal  influences are  t r a n s -  
mitted along fibers of the dorsa l  columns,  but t r ansmiss ion  f rom pyramidal  fibers to lum- 
bar  motoneurons takes place through the part icipation of interneurons,  some of which send 
axons into the vent ro la tera l  columns.  

Morphological investigations [2, 4, 6-8] i n roden t s  have shown that cort icospinal  fibers t ravel  in the 
dorsa l  columns of white mat te r  and reach the lumbosacral  segments .  By in t racor t ica l  microst imulat ion 
[1] synaptic effects t ransmit ted  to spinal motoneurons along fibers of the pyramidal  t rac t  could be obtained 
in rats  and their  polysynaptic cha rac t e r  demonst ra ted .  

This paper  gives the resul ts  of investigations of spinal pathways for cort ical  influences on lumbar 
motoneurons in ra ts .  Various part ial  t ransect ions  of the spinal cord were performed~ 

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

Experiments  were  carr ied  out on 12 albino rats  weighing 280-350 g and anesthetized with pentobarbi-  
tal (65 mg/kg,  intraperitoneally) o The animals were  immobilized with tubocurarine and ar t i f ic ial ly  venti-  
lated. To st imulate the cont ra la te ra l  motorcor tex  a coaxial e lectrode was used (the anode was a s i lver  
r ing 0.7-1 mm in d iameter  which touched the cort ical  surface while the cathode was a glass micropipette 
filled with Wood's  alloy, inserted through the center  of the ring to a depth of 0.6-1 mm into the cortex).  
Stimulation with square pulses (0.2-0.3 msec) was usually applied as a ser ies  of 11 pulses at 500/sec .  

In t racel lu lar  recordings  were obtained from motoneurons by means of glass microe lec t rodes  filled 
with 0.6 M potass ium sulfate solution. Para l le l  recordings were  obtained of the dorsal  cord potential (DCP). 
The motoneurons tested were identified by st imulating the ventral  roots and nerves of the hind limbs : 
nerves to the hamst r ings  (Ham), gas t rocnemius  (GS), plantaris  (PL), flexor digi torum longus (FDL), and 
extensor  digi torum longus (EDL). 

The dorsa l  columns were  divided in five rats  in various regions of the thoracic  portion of the spinal 
cord and the ventral columns were  divided in seven ra ts .  Par t ia l  t ransect ion of the spinal cord was ve r i -  
fied his tological ly.  
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Fig. 1. Effect of division of ventral  columns of spinal cord on 
eort icospinal  effects:  A) EPSPs evoked by int racor t ical  s t imu-  
lation before cordotomy; B) af ter  ventral  t ransec t ion  at level T 6. 
Top beam records  DCP, bottom beam int racel lu lar  potentials.  
Numbers signify intensity of stimulation (in A). Calibration 
pulse for spike 5 mV, 1 msec; C) section through spinal cord.  

Fig. 2. Changes in effects of in t racor t ical  micros t imulat ion f o l -  
lowing division of ventral  columns.  Above: identification of 
motoneurons by responses  to stimulation of muscular  nerves .  
Top beam records  DCP, bottom beam records  in t racel lu lar  po- 
tentials.  Calibration pulse 5 mV, 1 msec .  A) EPSPs evoked by 
stimulation of motor  cortex; B) absence of responses  to in t ra-  
cor t ical  stimulation aNer division of ventral  columns in region 
T~. Numbers denote strength of st imulation (in A). Calibration 
pulse for spike 20 mV, 1 msec; C) degree of destruct ion of ven-  
t ra l  columns of spinal cord .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Int racor t ica l  st imulation of the motor  a rea  for the hind limb evoked polysynaptic effects chiefly of 
an exci ta tory charac te r  in the lumbar motoneurons [1]. The minimal intensity of st imulation was 5-10 pA 

Corticospinal  influences on lumbar motoneurons after division of the ventral  columns of the spinal 
cord were  investigated in seven rats .  Altogether 27 motoneurons were recorded,  and in 20 of them division 
of the ventral  columns in the region Ts-T 9 completely abolished cor t ico-motoneuronal  EFSPs (five rats) ,  
whereas  division in the region T6-T 7 did not change the cort icospinal  effects.  
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F ig .  3. C o r t i c o s p i n a l  e f f e c t s  a f t e r  d i v i s i o n  of  v e n t r a l  (B) and d o r -  
s a l  (C) c o l u m n s  of  the s p i n a l  c o r d .  Top  b e a m  r e c o r d s  D C P ,  b o t -  
t o m  b e a m  r e c o r d s  i n t r a c e i l u l a r  p o t e n t i a l s .  Above :  i d e n t i f i c a t i o n  
of  t e s t  m o t o n e u r o n s .  C a l i b r a t i o n  pu l se  5 mV,  1 m s e c .  A) E P S P s  
evoked  b y  i n t r a c e r t i c a l  m i c r o s t i m u l a t i o n .  N u m b e r s  denote  i n t e n -  
s i t y  of  s t i m u l a t i o n  (in/~A); B) E P S P s  r e c o r d e d  in  two m o t o n e u r o n s  
in r e s p o n s e  to s t i m u l a t i o n  of  m o t o r  c o r t e x  a f t e r  v e n t r a l  t r a n s e c -  
t ion  o f  sp ina l  c o r d  at  leve l  TT; C) a b s e n c e  of  r e s p o n s e s  a f t e r  d i v i -  
s i on  of  d o r s a l  c o l u m n s  in r e g i o n  Ts; a) h i s t o l o g i c a l  c o n t r o l  of  d e -  
s t r u c t i o n  of v e n t r a l  co lumns ;  b) of  d o r s a l  c o l u m n s .  

The r e s u l t s  of  an  e x p e r i m e n t  in  which  d i v i s i o n  of  the  v e n t r a l  c o l u m n s  was  c a r r i e d  out at  the  l eve l  
of  T 6 a r e  g iven  in F ig .  1. In  r e s p o n s e  to  s t i m u l a t i o n  of  t h r e e  d i f f e r e n t  po in t s  of the  m o t o r  c o r t e x  an  E P S P  
a p p e a r e d  in the  m o t o n e u r o n  wi th  a l a t en t  p e r i o d  of  about  20 m s e c  (A). A f t e r  v e n t r a l  t r a n s e c t i o n  of  the 
sp ina l  co rd  s t i m u l a t i o n  of  the m o t o r  c o r t e x  evoked  EPSIOs wi th  a l a ten t  p e r i o d  of  35 m s e c  (B). The a m p l i -  
tude of  the  r e s p o n s e  w a s  unchanged .  The h i s t o l o g i c a l  s e c t i o n  (F ig .  1) shows  tha t  the  v e n t r a l  p a r t  of  the  
sp ina l  co rd  w a s  c o m p l e t e l y  d e s t r o y e d ~  

In r e s p o n s e  to s t i m u l a t i o n  of  the m o t o r  c o r t e x  (100-200/xV) E P S P s  w e r e  p r o d u c e d  in  the  H a m  m o t e -  
n e u r o n  wi th  a l a t en t  p e r i o d  which  v a r i e d  f r o m  10 to 15 m s e c  (F ig .  2A). D i v i s i o n  of  the v e n t r a l  c o l u m n s  in 
the r e g i o n  of  s e g m e n t  T 8 c o m p l e t e l y  a b o l i s h e d  the c o r t i c o - m o t o n e u r o n a l  E P S F s  (F ig .  2B).  S t i m u l a t i o n  o f  
the m o t o r  c o r t e x  wi th  a c u r r e n t  of  400 pA did not evoke  p o s t s y n a p t i c  e f f ec t s  in the EDL m o t o n e u r o n .  In 
r e s p o n s e  to s t i m u l a t i o n  of  the v e n t r a l  r oo t  an  a c t i o n  p o t e n t i a l  wi th  a m p l i t u d e  of  m o r e  than  60 mV was  gen -  
e r a t e d  in the c e l l .  

A f t e r  d i v i s i o n  of  the  d o r s a l  co lumns  of  the  s p i n a l  co rd  c o r t i c o s p i n a l  e f f ec t s  w e r e  s tud ied  in f ive r a t s .  
A l t o g e t h e r  34 m o t o n e u r o n s  w e r e  r e c o r d e d .  A f t e r  d i v i s i o n  of  the  d o r s a l  c o l u m n s a t  the leve l  T6-T 8 s t i m u -  
l a t ion  of the m o t o r  c o r t e x  did not evoke  E P S P s  in the l u m b a r  m o t o n e u r o n s ;  E F S F s  wi th  an  a m p l i t u d e  of  b e -  
tween  0.5 and 2 mV w e r e  r e c o r d e d  in on ly  f ive c e l l s  if  the  s t r e n g t h  of  s t i m u l a t i o n  w a s  i n c r e a s e d  to 500 pA.  

In one e x p e r i m e n t  c o m b i n e d  d i v i s i o n  of the d o r s a l  and v e n t r a l  c o l u m n s  of  the  s p i n a l  co rd  w a s  c a r r i e d  
out at  d i f f e r e n t  l e v e l s .  S t i m u l a t i o n  of  the m o t o r  c o r t e x  b y  a c u r r e n t  of 30 pA evol~d p o l y s y n a p t i c  EPSI~s 
in the EDL m o t o n e u r o n  (F ig .  3A).  The m i n i m a l  s t r e n g t h  of c u r r e n t  for  evok ing  a r e s p o n s e  was  10 ~A.  The 

1385 



Latent period of the EIDSPs was 20 msec .  After division of the ventral  columns in region T 7 cor t ica l  s t im-  
ulation, as before ,  evoked EPSPs in EDL and PL motoneurons ( F i g  3B). The threshold intensity of the 
cur ren t  for evoking a postsynaptic response was 40 and 10 pA, respect ively.  The latent period of the EPSFs 
varied f rom 20 to 35 m s e c  The histological  section through the spinal cord demonstrated complete de-  
s t ruct ion of the ventral  columns. 

Dorsal  division of the spinal cord in the region T s abolished cor t ico-motoneuronai  EPSFs (Fig. 3C). 
Stimulation of the motor  cor tex by a s t ronger  current  (500 pA) did not evoke EPSPs in the GS motoneuron.  

The resul ts  show that cort icospinal  effects in rats  are t ransmit ted through the dorsa l  columns of the 
spinal cord.  This conclusion is confirmed by morphological  evidence [3, 6, 7, 9, 10] of the localization of 
the pyramidal  f ibers in the dorsal  funiculus of white mat ter  of the spinal cord.  The existence of another 
(lateral) c rossed  bundle in the cort icospinal  t r ac t  has also been described [5, 11]. This may evidently ex-  
plain the EPSPs of smal l  amplitude recorded in four motoneurons after division of the dorsa l  columns.  

Ventral  division of the spinal cord in the region Ts-T9 abolished the cor t ico-motoneuronal  EPSPs .  
The histological  control to verify completeness of t ransect ion demonstrated complete destruct ion ef the 
ventral  columns and also part ial  damage to the gray mat ter  of the spinal cord.  As a resul t  of spinal t r an -  
section,  activation of the interneurons t ransmit t ing pyramidal  influences to lumbar motoneurons may have 
been disturbed.  After ventral  t ransect ion at the level T6-T 7 the cor t ico-sp ina l  EPSPs remained.  The la-  
tent period of the EPSPs after  t ransect ion increased to 20-35 msec  (10-22 msec in the control).  This sug-  
gests that the corresponding interneurons were  localized caudaUy to the 7th thoracic  segment.  
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