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Expe r imen t s  on cats ,  in some of which the red  nucleus,  the nucleus of Cajal,  or  the supe r io r  colliculi  
had f i r s t  been des t royed,  demons t r a t ed  the p r e s e n c e  of shor t - l a t ency  in te rs t i t iosp ina l  and rubrosp ina l  syn-  
aptic p ro jec t ions  of motoneurons .  Many of the shor t - l a t ency  EPSPs  and IPSPs  a r e  disynaptic  in cha rac t e r ,  
but in some ce l l s  monosynapt ic  EPSPs  were  r eco rded .  

The rubrosp ina l  and in te rs t i t iosp ina l  t r a c t s  in m a m m a l s  join the mesencepha lon  d i rec t ly  to caudal  
divis ions of the spinal  cord  [5, 8, 9, 12]. Rubrospinal  impulses  can exci te  the lumber  motoneurons  of cats  
with a v e r y  shor t  latent  per iod,  on the bas i s  of which the exis tence  of mono-  and disynaptic pro jec t ions  i s '  
a s s u m e d  [4, 6, 10], In te r s t i t iosp ina l  synaptic influences on spinal  cord  neurons  have not yet  been inves t i -  
gated.  

The object  of this invest igat ion was to study the c h a r a c t e r  of both rubrosp ina l  and in te rs t i t fosp ina l  
ef fec ts .  To inc rea se  the probabi l i ty  of i so la ted  s t imulat ion of the var ious  s t r u c t u r e s  by e l ec t rodes  i m -  
planted into the brain,  some expe r imen t s  were  c a r r i e d  out on an imals  a f te r  p r e l i m i n a r y  des t ruc t ion  of the 
red  nucleus,  the in te r s t i t i a l  nuclei of Cajal,  or  the t ec tum mesencepha l i .  

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

Expe r imen t s  we re  c a r r i e d  out on 27 ca ts  lightly anes thet ized with nembutal .  In 3 an imals  the con t r a -  
l a t e ra l  red nucleus was  des t royed  by e lec t rocoagula t ion  10-20 days before  the exper iment ,  in 2 an ima l s  
the in te rs t i t iosp ina l  t r a c t  was  des t royed  b i la te ra l ly ,  together  with the con t r a l a t e r a l  nucleus of Cajal ,  and 
in one an imal  the supe r io r  colliculi  were  des t royed  b i la te ra l ly .  Stimulating b ipolar  e lec t rodes ,  with i n t e r -  
po la r  dis tance 0.1-0.3 ram, were  introduced s te reo tax ica l ly  into the brain ,  and the i r  location was s u b s e -  
quently ver i f ied  his tological ly .  Square pulses ,  0.1-1 mA in s t rength  and 0.2-0.3 msec  in durat ion were  used 
for  s t imulat ion.  Exc i ta to ry  and inhibi tory pos tsynapt ic  potent ia ls  (EPSPs and IPSPs)  of the motoneurons  
of the lumbar  en l a rgemen t  were  r e c o r d e d  in t race l lu la r ly .  P a r a l l e l  r ecord ings  were  made of the :potentials 
of the do r sa l  sur face  of the spinal  cord  (DSP). The motoneurons  were  identified by s t imulat ion of the ven -  
t r a l  roo ts  or  ne rves  supplying the m us c l e s  (nerves to the gas t rocnemius ,  p lan ta r i s ,  b i ceps - semi tend inosns ,  
the deep pe ronea l  nerve ,  and the ne rve  to f lexor  hal lucis  longus). 

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

Responses  to s t imulat ion of the in te r s t i t i a l  nucleus of Cajal  were  r eco rded  in 140 motoneurons ,  of 
which 92 gave EPSPs  and 30 IPSPs,  while in 18 mixed r e s p o n s e s  were  observed;  72 cel ls  responding to 
in te r s t i t iosp ina l  impulses  were  identified f r o m  thei r  r e s p o n s e s  to s t imulat ion of the muscu la r  ne rves .  In 
39 of 42 f lexor  motoneurons  EPSPs  were  found, and IPSPs  in the other  3. In 17 of the 30 ex tensor  mo to -  
neurons  EPSPs  were  recorded ,  IPSPs  in 7 and mixed r e s p o n s e s  in 6. 

As the h i s t o g r a m  (Fig. 1B) shows, many of the in te rs t i t iosp ina l  EPSPs  were  c h a r a c t e r i z e d  by a shor t  
latent  per iod,  with m a x i m u m  between 4 and 7 msec .  Shor t - la tency EPSPs  could develop even in r e sponse  
to single s t imul i .  However ,  in mos t  c a se s  r epea ted  s t imulat ion (2-3 pulses)  was requ i red  for  a dis t inct  
r e sponse  to appear .  The shor t e s t  latent pe r iods  of the EPSPs  were  3.5-3.6 msec .  The min ima l  latent  p e -  
r iod of the IPSP was  1-2 msec  longer than the latent  per iod of the sho r t - l a t ency  EPSPs .  

Labora to ry  of Physiology of the Nerve  Cell,  I. M. Sechenov Inst i tute of Evolut ionary Physiology and 
Biochemis t ry ,  Leningrad (Presented  by Active M e m b e r  of the Academy of Medical  Sciences of the USSR 
V. V. Zakusov).  T rans l a t ed  f r o m  Byulleten '  Fksper imenta l ' no i  Biologii i Meditsiny, Vol. 66, No. 12, 
pp. 3-7, December ,  1968. Original  a r t i c le  submit ted May 14, 1968. 
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Fig. 1. Distr ibution of latent periods of 
EPSPs  (1) and IPSPs  (2) of motoneurons  
in r e sponse  to s t imulat ion of con t r a l a t e ra l  
r ed  nucleus (A), in te r s t i t i a l  nuclei of Caj al 
(B), and t ec tum (C). Absc i s sa ,  latent  p e -  
r iods  (in m s e  c); ordinate ,  number  of neurons .  

shor t - l a t ency  rubrosp ina l  EPSPs,  and a lso  some IPSPs ,  
could be c l a s sed  as disynaptic r e s p o n s e s .  The conduction 

veloci ty along the rubrosp ina l  t rac t ,  m e a s u r e d  f r o m  the appearance  of the ini t ial  component  of the DSP or 
ant idromic  wave in the region of the red  nucleus r eached  110 m/sec .  These  r e su l t s  co r r e spond  to those 
obtained by m o r e  p r e c i s e  m e a s u r e m e n t  of the conduction velocity along the rubrosp ina l  axons by means  of 
in t r ace l lu la r  r ecord ing  of an t idromic  r e s p o n s e s  in rubrosp ina l  neurons  [11] and they conf i rm the conclu-  
sion that  EPSPs  of motoneurons  a re  monosynapt ic  and disynaptic  in c h a r a c t e r .  

Tec tosp ina l  impulses  evoked EPSPs  in all  f lexor  (13 cel ls)  and mos t  ex tensor  (in 12 of 13) motoneu-  
rons .  However,  the latent  per iod of the r e s p o n s e s  was not less  than 5 m s e c  (Fig. 1C). 

P r e l i m i n a r y  des t ruc t ion  of the tectum, the nuclei of Cajal,  or  the red  nucleus did not cause  lengthen- 
ing of the latent  per iods  of the in te rs t i t iosp ina l  or  rubrosp ina l  r e s p o n s e s .  Hence, r e s p o n s e s  obtained to 
s t imulat ion of the cor responding  s t r u c t u r e s  did not involve the par t ic ipa t ion  of neighboring s t r u c t u r e s .  

However ,  EPSPs  with latent per iods  of 4.1-6.4 msec  were  also obtained when the s t imulat ing e l e c -  
t rodes  pene t ra ted  into the region of the cen t ra l  segmenta l  t r ac t .  It  may  be a s sumed  that  the ef fec ts  ob-  
se rved  in such ca se s  may  be assoc ia ted  with s t imulat ion of ascending axons of re t icu lospina l  neurons  with 
pro jec t ion  into the reg ion  [7, 13]. 

The ampli tude of r e s p o n s e s  to single in te rs t i t iosp ina l  and rubrosp ina l  impulses  was  smal l ,  usual ly  
not m o r e  than 1-2 mVo However,  shor t  repe t i t ive  s t imulat ion cons iderably  inc reased  the ampli tude of the 
r e sponse  to the motoneuron.  This  p rope r t y  was  evidently due la rge ly  to potentiat ion developing in the 
course  of s t imulat ion.  When pa i r ed  s t imul i  we re  used, enabling changes in amplitude of the second r e -  
sponse re la t ive  to the f i r s t  to be a s s e s s e d  quanti tat ively depending on the in te rva l  between them, it  was  
found that  the degree  of potentiat ion could r e a c h  300-400%. The m o s t  m a r k e d  potentiat ion developed with 
in te rva l s  of 3-10 m s e c .  It was  obse rved  during both in te rs t i t iosp ina l  and rub rosp ina l  effects ,  and in the 
case  of IPSPs  as wel l  as EPSPs  (Figs. 2 and 3). Potentiat ion was absent  or  negligible in the case  of mono-  
synaptic  EPSPs  (Fig. 2D) and was c h a r a c t e r i s t i c  of disynaptic r e s p o n s e s .  In the course  of potentiation, the 
la t te r  inc reased  pa ra l l e l  with the r e l ay  component  of the DSP, re f lec t ing  act ivat ion of propiospina l  i n t e r -  
neurons  [3]. 

Segmental  delay, de te rmined  f r o m  the in te rva l  between 
the initial  component  of the DSP and EPSP, was  less  than 1 
m s e c  in two cells ,  indicating monosynapt ic  t r a n s m i s s i o n .  
In al l  other  c a se s  the durat ion of segmenta l  delay was m o r e  
than 1.1 m s e c .  In many cel ls  giving sho r t - l a t ency  r e s p o n s e s  
the segmenta l  delay did not exceed 2 . 2 - 2 . 3  msec ,  indicating 
the disynaptic c h a r a c t e r  of the cor responding  effects .  

By record ing  the DSPs and an t id romic  r e s p o n s e s  in 
the region of the nucleus of Ca]al  during s t imulat ion of the 
ven t ro l a t e ra I  pa r t  of the spinal  cord  at  the level  L6-7, the 
conduction veloci ty along the in te rs t i t iosp ina l  t r a c t  was  de -  
t e rmined  as 115 m/sec .  Compar i son  of the conduction v e -  
locity with the latent  per iods  of r e s p o n s e s  of the motoneu-  
tons  l ikewise indicated the exis tence  of monosynapt ic  and, 
in pa r t i cu la r ,  disynaptic in te rs t i t iosp ina l  ef fec ts .  

Responses  to s t imulat ion of the r ed  nucleus were  r e -  
corded in 135 motoneurons:  EPSPs  in 81, IPSPs  in 50, and 
mixed ef fec ts  in 4. All  22 f lexor  motoneurons  responded 
with EPSPs .  In 14 of 27 ex tensor  motoneurons  IPSPs  were  
observed,  EPSPs in 9, and mixed r e s p o n s e s  in 4. 

The dis tr ibut ion of latent pe r iods  of the rubrosp ina l  
EPSPs  and IPSPs  (Fig. IA) was  ve ry  s imi l a r  to the r e su l t s  
obtained during s t imulat ion of the nucleus of Cajal  (Fig. 1B). 
In two cel ls ,  giving rubrosp ina l  EPSPs  with latent  pe r iods  
of 3.6 and 3.9 msec ,  the durat ion of segmenta l  delay showed 
that  they were  definitely monosynapt ic  in nature .  Most 
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Fig. 2. Disynaptic (A, B, C) and monosynaptic (D) in- 
terstitiospinal (A, B) and rubrospinal (C, D) postsyn- 
aptie potentials. A) Responses to single (i) and paired 
(2) stimuli 0.4 mA in strength; B) responses to paired 
stimuli (0.5 mA) at different intervals (I, 2); C) re- 
sponses to paired stimuli (0.7 mA) before (I) and dur- 
ing" (2) passage of hyperpolarizing current; D) monosyn- 
aptie EPSPs in response to single (I), paired (2), and 
repetitive (3) stimulation 0.4-0.5 mA in strength. On all 
frames, bottom curve denotes intracellular recording, 
upper curve: in A, B, D) DSP, in C) record of current 
passed through cell. 
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Fig.  3. Potent iat ion of in te r s t i t iosp ina l  (A) and 
rubrosp ina l  (B) EPSPs  in r e sponse  to pa i r ed  
s t imulat ion.  Relationship between potentiat ion 
of second r e sponse  and in te rva l  between s t imu-  
li. Absc i s sa ,  in te rva l  between s t imuli  (in msec) ;  
ordinate ,  ampli tude of second EPSP as  p e r c e n t -  
age of f i r s t .  

The potentiated disynaptic EPSPs were increased 
by the action of artificial hyperpolarization of the cell 
membrane. This property, which also distinguishes 
them from monosynaptic rubrospinal EPSP,~ [4], is 
evidence that the corresponding synapses are situated 
in the region of the soma and proximal dendrites of 
the motoneuron. Further evidence of this is provided 
by the rapid temporal course of disynaptic EPSPs, 
frequently having a very short ascending phase 0.5- 
0.6 msee) and rapid decline (time constant up to 2.5- 
3 sdc). However, the phenomena observed could also be 
explained by linkage of an inhibitory fraction with 
the EPSP.  

The r e su l t s  thus show that in te rs t i t iosp ina l  and 
rub rosp ina l  effects  may r e a c h  lumbar  motoneurons  
with a ve ry  shor t  latent  period;  an impor tan t  pa r t  of 
the sho r t - l a t ency  influences is effected through di-  
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synaptic pathways, although monosynaptic rubrospinal and interstitiospinal excitation of motoneurons is 
also possible. A characteristic feature distinguishing disynaptic effects is frequency-linked potentiation, 
similar to the potentiation found by investigation of other direct descending projections: vestibulospinal 
and reticulospinal [1, 2]. Consequently, descending systems differing in their function and projections in 
the spinal cord utilize similar mechanisms for transmission of the most urgent synaptic effects. 
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