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Stimulation of the ventral  oolumns leads to the appearance of monosynaptic EPSPs in the 
spinal motoneurons of f rog under normal conditions and in the late stages after division of 
the spinal cord leading to degenerat ion of descending f ibers of supraspinal origin. Mono-  
synaptic EPSPs recorded  before  and after  t ransect ion of the spinal cord were  s imi lar  in 
their  temporal  course  and exhibited slight facilitation to paired stimulation. It is postulated 
that monosynaptic exci ta tory influences evoked by activation of f ibers of the ventral columns 
are due chiefly to involvement of the descending propriospinal  pathways. 

Experiments  on cats have shown that stimulation of the ventrolateral  columns causes EPSPs in lumbar  
spinal motoneurons [4]. These effects may depend on the activity both of f ibers  of the cerebrospinal  t rac ts  
and also of descending propriospinal  f ibers [1]. In amphibians descending project ions with monosynaptic 
effects on lumbar  motoneurons have been found in the la teral  columns of the spinal cord [3]. 

The object of the present  investigation was to study descending synaptic influences f rom fibers of the 
ventral columns on the lumbar  motoneurons of the frog and to determine their  supraspinal or propriospinal  
origin. 

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

Experiments  were ca r r i ed  out on the isolated spinal cord of f rogs (Rana ridibunda~. The spinal cord 
was placed in a t ransparent  plastic chamber  with a continuous flow of Ringer ' s  solution. Motoneuron po-  
tentials were recorded  int racel lu lar ly  by glass mic roe lec t rodes  filled with 3 M KC1 solution with an imped- 
ance of 10-40 M~2. The motoneurons were identified by their  antidromic responses  to st imulation of the 
9th ventral  root. The anter ior  and la teral  columns were st imulated by bipolar nichrome electrodes with 
interpolar  distance 100-200 p, applied at the levels  of the 6th-7th or  3rd segments.  The strength of the 
st imulating cur ren t  varied f rom 25 to 200 p A  and the duration of the st imulus was 0.1 msec .  Frogs  used 
in some experiments  had their  spinal cord divided at the level of the 3rd segment 4-5 weeks before the ex- 
periment .  The degeneration of the f ibers of the cerebrospinal  t rac t s  ar is ing as a resu l t  made it possible to 
distinguish effects due entirely to activation of the descending propriospinal  f ibers.  

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

Altogether 162 motoneurons were tested in the experiments  on intact frogs.  Application of a single 
st imulus to the ventral  columns at the level of the 6th segment  evoked EPSPs with a short  latent period of 
1.2-2.2 msec  (mean 1.74 �9 0.21 msec).  A h is togram of distribution of the latent per iods is given in Fig. 1. 
In specimens kept in normal Ringer ' s  solution the duration of the EPSPs was measured  in tens of mi l l i sec -  
onds (Fig. 1A). These EPSPs were unstable and i r regular  in shape, undoubtedly on account of the par t ic ipa-  
tion of polysynaptic components.  After the addition of pentobarbital to the Ringer ' s  solution in a, concen t ra -  
tion of 1:5000, the polysynaptic components of the response were inhibited, leaving only a shor t - la tency,  
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Fig. 1. EPSPs evoked f rom ventral column at level of 6th 
segment:  A) response  of motoneuron to single stimuli (be- 
fore inhibition of polysynaptic activity by pentobarbital);  
B) monosynaptic EPSP evoked after inhibition of polysynap-  
tic activity by pentobarbital;  C) h is togram of latent per iods 
of EPSPs;  a b s c i s s a - l a t e n t  period (in msec),  o r d i n a t e - n u m b e r  
of cells;  D) graph showing amplitude of test  monosynaptic 
EPSP as a function of interval between paired stimuli; 
a b s c i s s a -  interval between stimuli (in msec),  ordinate - 
ra t io  between amplitude of tes t  EPSP and amplitude of ini- 
tial EPSP. Time marke r  for A and B, 10 and 1 msec ,  r e s -  
pectively. Calibration pulse for A and B, 5 and 2 mV, r e s -  
peotively. 

stable EPSP of simple shape (Fig. 1B), and having regard  to the latent period and segmental  delay, which 
in f rogs  is 1.1-2 msec  [2], this EPSP can be regarded  as monosynaptic.  The duration of the ascending phase 
of the monosynaptic EPSPs evoked f rom the ventral  columns at the level of the 6th segment  var ied  from 1.2 
to 2.6 msec ,  with a mean value of 1.66 * 0.33 reset ,  and the t ime constant of the descendingphase  was 7.8- 
12.6 msec  (mean 9.5 4- 0.5 msee).  By these pa rame te r s  the monosynaptic EPSPs f rom the ventral  columns 
were very  s imi lar  to the monosynaptic EPSPs evoked f rom the la teral  columns and descr ibed previously  
by Fadiga and Brookhart  [3]. These responses  were not due to activation of the same descending pathways, 
fo r  if s t imulation of the ventral  and la teral  columns was  combined, summation was almost  l inear.  On r e -  
peating the stimulation slight facili tation of the monosynaptic EPSPs was observed if the interval between 
stimuli  was between 3 and 40 msec  (Fig. 1D). The maximal degree of facili tation was 110-1507O. With 
shor ter  intervals,  inhibition of the second response  was usually observed. The maximal amplitude of the 
monosynaptic EPSPs evoked f rom the ventral  columns at the level of the 6th segment was 1.5-4.7 inV. With 
an i n c r e a s e  in the strength of st imulation the amplitude increased either gradually (Fig. 2A-G) or stepwise 
(Fig. 2J). In some cases  monosynaptic EPSPs of "all or nothing" type appeared (Fig. 2LL In the la t ter  
case involvement of a l imited number of descending axons can reasonably  be assumed.  

A distinguishing feature of the monosynaptic EPSlVs evoked f rom the ventral  columns was a shor t  wave 
of potential observed frequently (in 307o of cases} before  the beginning of the EPSP (shown by an arrow in 
Fig. 2G). This prepotential ,  which was par t icu la r ly  marked during s trong stimulation, disappeared as soon 
as the electrode was withdrawn from the cell. This prepotential  can evidently be regarded  as an e lec t ro-  
tonic effect connected with the influence of presynapt ic  f ibers  on the motoneuron tested. In the case  of s t im-  
ulation of the l a te r  columns, electrotonic prepotentials  were  never observed.  
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Fig. 2 Fig. 3 

Fig. 2. Monosynaptic EPSPs evoked f rom ventral  column at level of 6th segxnent. Record-  
ing f rom 4 different motoneurons:  A - H ,  I - J ,  K - M ,  N. A - G )  response  to single st imuli  
of gradually increas ing  strength (20, 25, 30, 40, 45, 70, and 100 pA, respectively~. Arrow 
on r e c o r d  G denotes component preceding monosynaptie EPSP; H) extracel lu lar  record ing  
immedia te ly  after  withdrawal f rom cell; I, K~ antidromic action potentials;  J~ monosynaptic 
EPSPs in response  to single stimuli  with a strength of 50, 70, 80, and 100 pA; response 
inc reases  stepwise; L) monosynaptic EPSP of "all or nothing" type; strength of stimulus 
70 pA; M) same response  to s t ronger  st imulus (120 pA); N~ appearance of action potential 
at peak of monosynaptic  EPSP; strength of stimulus 300 g A~ Time m a r k e r  1 msec  for  A-H,  
K - N  and 10 msec  for I, J. Calibration pulse 2 mV for A - H ,  J, L, M, 5 mV for N, and 
20 mV for I, K. 

Fig. 3. Monosynaptio EPSPs evoked in prepara t ions  in the late period after t ransect ion of 
the spinal cord:  A, 2) response  of motoneurons to single st imulation of ventral  columns; 
A, 1) antidromic action potential of the same motoneurons;  B) graph showing amplitude of 
test  EPS1 ~ as a function of interval between paired stimuli;  a b s c i s s a -  interval between 
stimuli  (in msec),  ordinate - rat io between amplitude of test  EPSP and amplitude of original 
EPSP; C) h i s togram of latent periods of EPSPs;  a b s c i s s a -  latent period (in msec),  ordi-  
nate - number of cells. Time m a r k e r  1 msec,  calibration pulse for A, 1 and 2~ 20 and 2 mV, 
respect ively.  

Shor t - la tency EPSPs could also be evoked by st imulating the ventral  columns at the level of the 3rd 
segment.  The latent per iods  of these responses ,  recorded in 71 motoneurons,  varied f rom 1.6 to 3.4 msec  
with a mean value of 2.32 • 0.31 msec,  indicating that the latent period was increased  slightly on account 
of an increase  in the length of the descending pathway. The conduction veloci ty of this pathway, measured  
from the difference between the latent periods and the distance between the points stimulated, was 10-20 
m/ see .  The amplitude of the shor t - l a tency  EPSPs of this group varied f rom 1.4 to 3 mV, with a mean value 
of 2 . 2 2  ~ 0.7 inV. The duration of the ascending phase of the EPSP was 1-2.2 msec  (mean 1.74 • 0.42 msec),  
and the t ime constant of the descending phase was 7-14 msec (mean 10.6 • 2.92 msecL The EPSPs ar is ing 
in response  to st imulation of the more  ros t ra l  regions of the ventral  column thus did not differ significantly 
f rom responses  evoked f rom the level of the 6th segment. 

Monosynaptic EPSPs evoked from the ventral column continued to appear even after  p re l iminary  t ran-  
section of the spinal cord. In this whole ser ies  of experiments  activity of 97 motoneurons was recorded.  
An example of a monosynaptic EPSP evoked f rom the ventral column at the level of the 6th segment and a 
histog~'am of distribution of the latent periods of these EPSPs in experiments  on animals after p re l iminary  
t ransect ion of the spinal cord are  shown in Fig.3A, 2. Clear ly  t ransect ion did not lead to any significant 
change in the distribution of the latent per iods of the EPSPs. The change in their pa ramete r s  showed that 
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the dura t ion  of the ascending phase  was 1.3-2.2 m s e c  {mean 1.7 ~: 0.26 msec) ,  and the t ime  constant of the 
descending phase  was 7.5-12 m s e c  {mean 10.12 • 0.61 msec) .  The ampli tude of the monosynapt ic  EPSPs  
of this group evoked by s t imul i  2-3 t imes  s t ronge r  than the threshold  var ied  f r o m  1 to 3.3 mV, with a mean  
value of 2.14 :~ 0.48 inV. Stat is t ical  ana lys is  (by Student 's  method) showed that  the d i f fe rences  between the 
p a r a m e t e r s  of the  monosynapt ic  EPSPs  be fo re  and af ter  t r ansec t ion  of the spinal  cord  w e r e  not s ta t i s t i ca l ly  
significant  (P > 0.05). The dynamic c h a r a c t e r i s t i c s  of the monosynaptic  EPSPs  (the deg ree  of par t ia l  poten-  
tiation) l ikewise  was unchanged in the animals  undergoing the operat ion (Fig. 3B). 

It can thus be concluded f rom these  r e su l t s  that monosynapt ic  exc i ta to ry  influences evoked by  ac t iva-  
t ion of f ibers  of the vent ra l  columns a re  due main ly  to involvement  of descending p ropr iosp ina l  pathways.  

2. 
3. 
4. 

LITERATURE CITED 

Z. A. Repina, & I. Shapovalov, and A. O. Nikitin, Neirof iz io logiy~ No. 1, 35 (1969). 
J.  M. Brookhar t  and E. Fadiga, J. Physiol.  (London), 150, 633 (1960). 
E. Fad iga  and J. M. Brookhart ,  Am. J. Physiol . ,  198, 693 (1960~. 
W. D. Willis,  J. C. Willis, and W. M. Thompson, J. Neurophysiol . ,  ~ 382 (1967). 

358 


