
S Y N A P T I C  E F F E C T S  ON F R O G  M O T O N E U R O N S  

D U R I N G  S T I M U L A T I O N  O F  T H E  D O R S A L  R O O T S  

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

B.  I .  S h i r y a e v  UDC 612.815.2-062.831.1 

In response to stimulation of the dorsa l  roots,  good agreement  was obtained between 
the ventral  root potentials (VRPs) and the excitatory postsynaptic potentials recorded  
intraeellularly.  Monosynaptic VRPs generated during stimulation of the dorsa l  roots  
and pos te r ior  columns had a s imi lar  tempora l  course  and did not show facilitation in 
response to paired stimuli or tetanization. Simultaneous stimulation of the dorsal  roots 
and pos ter ior  columns led to occlusion of the combined VRP on the average by 64%. 
Ascending col laterals  of do r sa l - roo t  f ibers a re  evidently activated by stimulation of 
the pos ter ior  columns. 

There  is morphological  evidence [2, 3] that in amphibians the dorsa l  root f ibers give off col laterals  
after entering the spinal cord, which can be followed in the pos te r ior  columns as far  as the cerebel lum. 

Since only monosynaptic effects f rom the dorsa l  roots  on motoneurons of the same segment have so 
far  been fully investigated in frogs [1], and effects of stimulation of the pos te r ior  columns have not been 
studied, it was decided to examine synaptic effects of stimulation of the dorsal  root and pos te r ior  column 
projections on motoneurons.  

EXPERIMENTAL METHOD 

The isolated spinal cord of the frog Rana ridibunda was used. After its isolation, the spina ! cord of 
the frog was placed in a chamber  with a constant flow of Ringer ' s  solution oxygenated with 95% O 2 and 5% 
CO 2. The 9th and 10th pairs  of ventral  and dorsa l  roots ,  corresponding to the lumbar enlargement,  were 
placed on si lver  stimulating electrodes for  or thodromic and antidromic stimulation. The pos te r ior  columns 
were stimulated through bipolar niehrome electrodes,  with an interpolar  distance of 100-200 p, placed at 
different levels ros t ra l ly  f rom the recorded segments.  Ventral  root potentials (VRPs) were recorded by a 
unipolar technique between the point where the ventral  root left the Ringer ' s  solution to enter minera l  oil 
at a distance of about 0.5 mm from the point of emergence of the ventral  root f rom the spinal cord, and the 
electrode placed on the distal end of the ventral  root.  In this way synaptic potentials of motoneuron popu- 
lations could be recorded.  Int racel lular  recordings  were made with glass  microe lee t rodes  filled with 3 M 
KC1 solution, having a tip of 0.5-1 # in diameter  and an impedance of 15-30 M~. The microe lec t rode  was 
inserted into the spinal cord from the lateral  surface (before the ventral  and dorsal  roots),  f rom which the 
pin ma te r  had f irs t  been removed,  in steps of 2 # by means of a remote-cont ro l led  micromanipula tor .  Square 
pulses (10-100 #A, 0.1-0.3 msec) were used for stimulation. To inhibit polysynaptic responses ,  Nembutal 
was injected into the Ringer ' s  solution in a concentration of 1 : 5000. The experiments were ca r r i ed  out at 
14-18~ VRPs were investigated in 47 preparat ions.  Int racel lular  recordings  were obtained successful ly 
f rom 97 motoneurons.  All cells were identified as motoneurons by the presence of an antidromic action 
potential (AP). The amplitude of the antidromic AP varied f rom 27 to 82 mV, and the amplitude of the m e m -  
brane  potential f rom 20 to 60 inV. The duration of the intracel lular  recording was usually 10-30 min. 
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Fig. 1. Faci l i ta t ion of synaptie  r e sponses  to pai red  s t imul i  applied 
to dorsa l  roots  ( in t racel lu lar  recording):  A, 1) an t idromie  d ischarge .  
Calibrat ion:  20 mV. T ime  m a r k e r  10 msee ;  2-6) EPSP in r e sponse  
to pa i red  s t imul i  applied to dorsa l  roots  at different in te rva ls .  Cal i -  
brat ion:  5 mV. T i m e  m a r k e r :  top, for  curves  2 and 3, 20 msee ;  
bot tom,  for  curves  4-6, 60 msec .  B) Relat ionship between ampli tude 
of t es t  EPSPs  and in te rva l  between st imuli .  Curve  I plotted for  poly-  
synaptic EPSP with duration 150 msee ,  curve  II for  EPSP shown on 
r eco rds  2-6, and curve  III for  monosynapt ic  EPSP.  Absc i ssa ,  in terva l  
between st imuli ;  ordinate,  ra t io  between ampli tude of t es t  EPSPs  and 
ampli tude of initial  EPSPs .  

Fig. 2. Monosynaptic potentials  of 9th 
ven t ra l  root in r e sponse  to s t imulat ion 
of p o s t e r i o r  column and dorsa l  root: 
A) at level  of 7th segment;  B) at level  
of 5th segment;  C, E, L) at level  of 2nd 
segment ;  G) do r sa l  root of 8th segment ;  
K, H) 9th segment;  I) 10th segment;  D) 
8th, 9th, 10th segments ;  F) summat ion  
of r e sponse  of D and E; M) summat ion  
of r e sponses  of K and L; 5 sweeps of 
beam on each r ecord .  Strength of 
s t imulat ing cur ren t  for  A 30 #A, B 
45 #A, C 100 #A, D 60 #A, E and L 
70 #A:, G, H, I, and K 40 #A. T ime  
m a r k e r  1 see.  
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Fig. 3. Depression of testing monossrnaptic VRPs in r e -  
sponse to paired stimuli applied to dorsa l  roots (A) and 
pos te r io r  columns (B) and posttetanic depression of mono-  
synaptic VRPs in response to stimulation of dorsa l  roots  
(C) and pos ter ior  columns (D). In A and B: abscissa ,  in- 
te rva l  between stimuli (in msec);  ordinate, ratio between 
amplitude of test  VRP and amplitude of control  VRP. In 
C and D: ordinate, ratio between amplitude of test  VRPs 
and amplitude of initial VRP@, abscissa ,  t ime after  end 
of tetanization. 

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

In response  to stimulation of the dorsa l  roots  in a spinal cord not t reated with Nembutal, VRPs with 
an amplitude of between 0.1 and 2 mV, depending on the strength of stimulation, were recorded.  The th resh-  
olds of onset of these VRPs was usually 10-20 #A for  stimuli 0.1 msec  in duration. The latent period of 
the VRPs varied from 1.3 to 1.8 msec ,  with a mean value of 1.5 msec .  The VRPs in response  to s t imula-  
tion of the dorsa l  roots  consisted almost always of a mixture of mono-,  di- ,  and polysynaptic components.  
The total duration of the responses  was 50-200 msec .  VRPs in response to stimulation of the dorsa l  roots 
easily attained the threshold level for discharge to take place.  The latent period of d ischarge  indicated 
that the APs were generated at the peak of the di- and polysynaptic components of the VRP. In response 
to paired stimuli, facilitation could be obtained if the 2nd stimulus was applied after  an interval  of 10-100 
msec .  Polysynaptic components of the responses  exhibited facilitation. Tetanization (50 Hz, 10 sec) by 
stimuli 3 t imes s t ronger  than the testing stimuli led to ve ry  slight potentiation (up to 20%) of the polysyn-  
aptic components of the responses  for up to 1 rain. In t racel lu lar  recordings  revealed good agreement  be-  
tween the excitatory postsynaptic potential (EPSP) and the VRPs recorded  during dorsa l  root stimulation. 
The latent period of the EPSP averaged 1.4 msec ,  while the threshold response varied f rom 10 to 30 ~A, 
and the total duration of the response  was 40-200 msec.  The polysynaptic components of the EPSP easi ly 
attained the threshold level for  AP generation, averaging 9 mV. EPSPs evoked by stimulation of the dorsa l  
root showed facilitation of the polysynaptic components up to 400% in response  to paired stimulation (Fig. 1). 
EPSPs of more  complex composition showed g rea te r  facilitation to paired stimuli (Fig. 1, curve I) than 
those which rapidly reached their  maximum and were shor ter  in duration (Fig. 1, curve II). Monosynaptic 
E PSPs, which were recorded  after  part ial  inhbition of activity by Nembutal, general ly  speaking did not ex- 
hibit facilitation (Fig. 1, curve lII). 

The VRP generated in response  to stimulation of the pos ter ior  columns had a threshold of 10-100 #A 
for a stimulus 0.1 msec  in duration, and like the VRP in response to stimulation of the dorsa l  roots in the 
spinal cord not t reated with Nembutal, it consisted of a mixture  of mono- ,  di-,  and polysynaptic components.  
The threshold current  was between 10 and 30 ~A, regard less  of the distance f rom the segment recorded.  
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Isolation of the ipsi lateral  and cont ra la tera l  columns and placing them on the stimulating electrodes showed 
that responses  a rose  f rom both sides. According to anatomical  findings [4], dendrites of motoneurons can 
run for  a distance of up to 1 mm into the cont ra la tera l  half of the spinal cord. Activation of such dendrites 
was evidently responsibIe for  the generat ion of responses  f rom the contra la tera l  side of the spinal cord. 
The threshold current  for  VRP generation was the same on both sides. The latent period was reduced as 
the stimulating electrode was moved f rom the second to the seventh segment f rom 2.6 to 1.4 msec  (mean 
resul ts  of 9 measurements)  (Fig. 2: A, B, C). The level of the 2nd segment was 10-15 mm away f rom the 
recorded  segment,  and the corresponding variat ions in latent period were between 2.6 and 1.8 msec .  Meas-  
urement  of the conduction velocity of the pos te r io r  column f ibers  gave a value o f  5-10 m / s e c .  After ad- 
ministrat ion of Nembutal, the dorsa l - roo t  and pos te r io r -co lumn VRPs gradually lost their  di-  and poly- 
synaptic components and assumed the shape shown in Fig. 2: A-C, G-I). The duration of the ascendingphase 
was 2 and 1.8 msec  for  the dorsa l - roo t  and pos te r io r -co lumn VRPs respect ively,  the duration of their  de- 
scending phase was 17.5 and 18 msec  respect ively,  and the amplitude of the responses  0.20 and 0.24 mV 
respect ively  for a stimulus with a strength of 50 ~A (mean results) .  The latent periods of the d o r s a l -  
root and pos te r io r -co lumn VRPs were the same as before  inhibition of Nembutal. These VRPs can ac-  
cordingly be regarded as monosynaptic,  for their  pa ramete r s  showed good agreement  with the monosynaptic 
EPSPs recorded  intracel lular ly  by Fadiga and Brookhart  [1]. The latent period of EPSP generation during 
dorsa l  root stimulation, according to their  observat ions,  was 1.8 msec ,  the duration of the ascending phase 
2.7 msec ,  and the duration of the descending phase 15-20 msec .  When paired stimuli were applied, both 
types of responses  showed inhibition of the testing responses  for intervals of between 3 and 25 msec  be-  
tween stimuli (Fig. 3: A, B). Tetanization (50 Hz, 10 see) by stimuli  3 t imes above the threshold strength 
led to posttetanic depression both of the do r sa l - roo t  VRPs and of the VRPs generated in response  to s t imu-  
lation of the pos ter ior  columns, for up to 1 rain (Fig. 3: C, D). The VRPs from the dorsa l  roots and f rom 
the pos te r ior  columns were thus s imi la r  both in the i r  general  charac te r i s t i cs  and in the i r  responses  to 
paired stimuli and to tetanization. This suggests that col laterals  of the dor sa l - roo t  f ibers  may be con- 
cerned with the evoking of responses  f rom the pos ter ior  columns. To test  this hypothesis,  6 experiments  
were ca r r i ed  out with summation of the responses  evoked by stimulation of the dorsa l  roots  and pos te r ior  
columns in which marked occlusion was found. The stimuli were so applied that the presynapt ie  components 
(indicated by a r rows  in Fig. 2: D, E) and the beginning of the postsynaptic potentials obtained f rom both 
sources  coincided. Stimulation of the 9th dorsa l  root with the dorsal  column led to occlusion of the com-  
bined response  on the average  by 64% (Fig. 2: K, L, M), 

According to the anatomical  evidence [3], dorsa l  root f ibers giving off col la terals  into the pos te r io r  
columns may terminate  a few segments  lower or  higher than the point of entry into the spinal cord, as the 
present  experiments confirmed. Monosynaptic VRPs were invariably recorded  both during stimulation of 
the dorsa l  root corresponding to the recorded  segment (Fig. 2: H) and during stimulation of the neighbor-  
ing dorsa l  roots (Fig. 2: G, I). During stimulation of the pos ter ior  columns, the possibil i ty of col laterals  
of neighboring dorsa l  roots  being recru i ted  into the response  cannot be ruled out, and this would natural ly 
lead to a dec rease  in the occlusion. It would therefore  be expected that on activation of 3 dorsa l  roots  (Sth, 
9th, mad 10th) and the pos te r io r  columns simultaneously,  more  marked occlusion would take place. In fact, 
simultaneous stimulation of 3 dorsa l  roots  and the pos te r ior  columns led to more  marked occlusion (on the 
average 92%, see Fig. 2: D, E, F) than in the case of summation f rom only one dorsa l  root and one pos te-  
r i o r  column (Fig. 2: K, L, M). Stimulation of the pos te r ior  columns at different levels evidently led to 
activation of the same t ract  f ibers ,  for  combining these effects led to the almost total  occlusion of the com-  
bined response  (on the average 94%). These t rac t  f ibers ,  as was shown above, are  most  probably ascend-  
ing col laterals  of afferent f ibers  in the dorsa l  roots .  
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