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Microelect rophoret ic  injection of glycine, the probable mediator of postsynaptic inhibition in 
the spinal cord, close to the outer surface of the membrane of motoneurons in the cat spinal 
cord, in which generation of IPSPs is blocked by tetanus toxin, causes hyperpolar izat ion of the 
postsynaptic membrane of these motoneurons. The inhibitory action of glycine on motoneu- 
rons blocked by tetanus toxin, consist ing of hyperpolar izat ion of the membrane,  blocking of 
antidromic excitation of the motoneurons,  a decrease  in the input res is tance  of the m e m -  
brane, and a decrease  in amplitude of the EPSPs,  is analogous to that on motoneurons of 
healthy cats. It is concluded that inhibition of IPSPs by tetanus toxin is evidently due tob lock-  
ing of l iberation of inhibitory mediator  f rom presynapt ic  endings of inhibitory neurons. 

The wr i te rs  have previously shown [1] that spinal cord motoneurons of cats, in which IPSP genera-  
tion is blocked by tetanus toxin, remain sensit ive to the inhibitory action of the probable mediator  of post-  
synaptic inhibition, namely glycine. If glycine is injected e lect rophoret ical ly  close to the outer surface of 
membranes  blocked by tetanus toxin, it prevents their  antidromic excitation, reduces the input res i s tance  
of the membrane,  and reduces the amplitude of EPSPs. 

However, for technical reasons  it was impossible to obtain convincing proof  that glycine causes hy-  
perpolar izat ion of the postsynaptic membrane of motoneurons blocked by tetanus toxin. This proof  was ob- 
tained in the course  of fur ther  investigations, the resul ts  of which are descr ibed below. 

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

Cats weighing 2-4 kg received an injection of 1500-2000 mouse LDs0 of tetanus toxin into the pos te r io r  
group of muscles of the left leg. When rigidity of the muscles of the injected limb had developed, 40 h af ter  
the injection, the lumbosacral  enlargement  of the spinal cord was exposed under nembutal anesthesia (25- 
30 mg/kg,  intravenously). The ventral  roots of segments $6-S 2 were divided. The spinal cord was t r a n s -  
sected at the level of the last  rib. Cutaneous and muscular  nerves in the left hind limb were dissected for  
stimulation. Coaxial microe lec t rodes  were used. The inner core of the electrode,  filled with 0.6 M K2SO 4 
solution and with a tip about 1 g in diameter ,  was used for  in t racel lu lar  recording of potentials.  The outer 
core, with a tip 3-5 g in diameter ,  was separated by a distance of 30-70 ~ f rom the protruding inner core,  
and was filled with 1 M glycine solution (pH 3.0), which could be injected e lect rophoret ical ly  close to the 
outer surface of the punctured motoneuron. Details of the method were descr ibed previously [1]. 

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  

Intracel lular  recordings of potentials of a motoneuron in segment $7 of a cat receiving tetanus toxin 
are  shown in Fig. 1A. A monosynaptic EPSP and an accompanying spike discharge were generated in r e s -  
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Fig. 1. Action of glycine on membrane potential of motoneurons 
blocked by tetanus toxin. A, B: Top beam shows in t racel lu lar  recording 
of potentials of motoneuron in segment $7 in response to stimulation 
of nerves  G (in A) and PP  in (B) by single pulses above the threshold 
for  group 1 afferent f ibers;  bottom beam shows dorsal  surface poten- 
tial of segment L6 in zone of entry of afferent fibers into spinal cord; 
C, D: bottom beam shows changes in potential of inner core of co-  
axial microelec t rode in in t racel lu lar  (C) and ext race l lu lar  (D) position, 
evoked by injection of glycine; top beam used to record  intensity of in- 
jecting cur ren t  (downward deflection of beam corresponds  to beginning 
of injection); G) curve showing true changes in membrane potential 
evoked by glycine. Abscissa :  t ime f rom an a rb i t r a ry  moment to be-  
ginning of injection of glycine; ordinate: changes in potential recorded 
by in t race l lu lar  microe tec t rode  during injection of glyeine, d i s r ega rd -  
ing jump of potential due to presence  of res i s tance  in connection between 
inner and outer  cores  (see text). Potential of inner  core  at moment of 
t ime corresponding to zero  on absc issa  taken as zero. Horizontal line 
indicates t ime of injection of glyeine; E (bottom beam) shows action of 
glycine on ant idromic potentials of FDHL motoneuron; F) change in 
potential of inner  e lectrode (bottom beam) in ext race l lu lar  position 
during injection of glyeine; H) curve showing changes in membrane poten- 
tial of FDHL motoneuron, plotted in a s imi lar  manner to curve G for  r e -  
cordings E and F (see text). Vert ical  line in C represen ts  10 mV for  
bottom trach~gs in C and D; 4 mV for bottom tracings  in E and F; 200 nA 
for  top t rac ings  in C and D, and 500 nA for top t racings  in E and F. Time 
for  A and B 1 msec, for  C and F 2 sec, 

ponse to a volley of afferent impulses evoked by stimulation of the nerve to the gas t rocnemius  muscle 
(G). According to the c r i t e r i a  of Eceles et al. [4], this motoneuron must belong to the motor  nucleus 
of the extensor G muscle. 

Stimulation of the nerve to the antagonistic muscles  - the deep peroneaI nerve (PP) by stimuli above 
the threshold strength for group I afferent f ibers did not evoke IPSPs in this motoneuron (Fig. 1 B), just as 
in the motoneurons of the G nucleus in normal  cats. It is also c lear  f rom the curve in Fig. I B that afferent 
volleys in PP  produce depolarization of the G motoneuron, charac te r i s t i c  of the action of impulses in 
afferents of the flexor reflex (AFR) on motoneurons of extensor  muscles in tetanus [2]. 

Changes of potential recorded by the microe lec t rode  when inside that same motoneuron, during elec-  
t rophoret ic  injection of glycine close to the outer surface of the motoneuron, are shown in Fig. 1 C. The 

875 



t rac ing in Fig. 1 D was made after withdrawal of the inner core of the mieroelec t rode f rom the motoneuron. 
Injection of glyeine in this case by a current  of the same strength as in recording 1 C changed the potential 
of the inner electrode.  The steady shift of potential was due to the presence  of a definite res is tance  in the 
connection between the inner and outer cores  of the coaxial microeleetrode.  

The curve in Fig. 1 G is the resul t  obtained by subtract ing the change in potential of the inner core 
during injection of glycine (Fig. 1 D) with the electrode in the ext racel lu lar  position f rom the change in po- 
tential of the inner  core during injection of glycine (Fig. 1 C) with the electrode in the in t racel lu lar  position. 
It evidently shows the true changes in membrane potential evoked by the action of glycine. Definite hyper -  
polarization of the membrane (an increase  in negativity of the in t racel lu lar  electrode) can be seen, reaching 
a maximum (about 5 mV) 4 sec after  the beginning of injection. The membrane potential returned to its 
initial level 4 sec after  the end of injection of glycine. 

An action of glycine analogous to that shown on these recordings was also observed on motoneurons 
of other extensor  and flexor muscles  of the hind limb, in which IPSPs were blocked by tetanus toxin. In 
Fig. 1 E, for example, the action of glycine is demonstrated on antidromic discharges  of a motoneuron in 
the motor  nucleus of the flexor muscles  of the ankle joint (flexor digitorum, flexor hallucis longus - FDHL), 
in which development of IPSPs in response to stimulation of type l a  afferent f ibers of nerves to the anta- 
gonistic muscles  was absent. Antidromic discharges were evoked by stimulation of the ventral  root  of L 7 by 
repetit ive stimuli (3/see) and were recorded at slow scanning speed. Fast  waves, corresponding to spike 
potentials, were not seen on the recording, but slow deflections of the beam, corresponding to a f t e r -hyper -  
polarization, were c lear ly  visible. Injection of glycine was accompanied by total blocking of antidromic 
d ischarges  f rom the motoneuron, recover ing soon after  the end of the injection. 

The change in potential of the inner electrode,  when in the extracel lu lar  position, at the t ime of in- 
jection of glyeine by a cur ren t  of the same strength as in curve 1 e, is shown in Fig. 1 F. 

Curve 1 h was plotted by the same method as curve 1 g, without allowing for fluctuations due to anti- 
dromic excitation of the motoneurono In this case also, hyperpolar izat ion of the motoneuron membrane was 
c lear ly  apparent, reaching a maximum 2 see after  the beginning of glycine injection. 

Glycine, therefore ,  produces hyperpolar izat ion of the postsynaptic membrane of spinal motoneurons 
in which the generat ion of IPSPs is blocked by tetanus toxin. A par t icu la r ly  important  feature is that 
glycine hyperpolar izat ion can be recorded  in motoneurons of extensor muscles ,  blocked by tetanus toxin, 
in which volleys of impulses  in the AFR not only do not evoke IPSPs, but produce depolarizat ion of the 
postsynaptic membrane.  This fact c lear ly  shows that substitution (during the action of tetanus toxin) of the 
inhibitory action of  impulses in the AFR on motoneurons of the extensor muscles  by an exci tatory action is 
not the resul t  of the conversion of inhibition into excitation, but is due the demasking of the excitatory action of 
some fibers of the AFR sys tem on these motoneurons after  inhibition of the IPSP. 

In conjunction with other data [1, 3], the results  described above show that motoneurons,  when blocked 
by tetanus toxin, respond to the action of an inhibitory mediator  in p rec i se ly  the same way as motoneurons 
of normal  cats. Inhibition of IPSPs by tetanus toxin is therefore  due, probably,  to blocking of the l iberation 
of inhibitory mediator  f rom the presynapt ic  endings of inhibitory neurons. 
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