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bioelectric processes were measured from the excised 
superior cervical ganglion of the rat, mounted on glass 
microelectrodes, by means of an oscilloscope (Tektronix, 
561, 3A3). If immersed in Krebs' solution, the excised 
ganglion retained its bioelectric functions intact over 12 h. 
If immersed in glucose-free Krebs' solution, presynaptic 
functions and synaptic transmission vanished within 4 h, 
but  postsynaptic spike generation remained intact for 
about 24 h. Presynaptic shocks of various intensities, gen- 
erated by a transistor based stimulator were delivered 
across a stimulus isolation unit to presynaptic platinum 
microelectrodes at  varying t ime intervals. Postsynaptic 
spikes were generated in preparations immersed in glucose- 
free Krebs' solution after inactivation of the presynaptic 
neurons, by acetylcholine (0.01-1 ~g/ml of bathing solu- 
tion). All preparations were presensitized with physostig- 
mine salicylate (5 tzg/ml bathing solution). Statistical 
significance of the observed differences of correlation 
coefficients were ascertained by Student 's  t-test. 
Results. 2 supramaximal presynaptic shocks, delivered at 
50-msec-intervals, generated maximum homosynaptic 
potentiation. The length of potentiation exceeded, at 
times 1 sec. Protein (peptides, glycopeptides) extracts of 
cholinergic vesicle contents of either the rat  brain or the 
electric organ increased the amplitude and the lengtil of 
potentiation (table, figure 1). In preparation with inac- 
t ivated presynaptic neurons, these extracts (added to the 
bathing fluid) increased the amplitude of postsynaptic 
spikes (generated by acetylcholine), and significantly in- 
creased the length of the generated postsynaptic spike 
trains in a dose-dependent manner (table, figure 2). Heat  
denatured extracts lost their ability to affect postsynaptic 
spike generation by both endogenous (presynaptic stimu- 
lation) and exogenous acetylcholine. The latency of the 
first postsynaptic spike was about 10 msec shorter than 
the onset of potentiation by the extracts. In the concen- 
tration used, the extracts alone did not initiate post- 
synaptic spikes. 
Discussion. Presynaptic cholinergic vesicles contained an 
agent that  possessed the minimum necessary properties 
of a 'modulator '  13 of acetylcholine effects, e.g. : 1. In ab- 
sence of acetylcholine the extract  did not generate post- 
synaptic spiking. 2. The extract  potentiated the effect of 
both exogenous and endogenous (released during pre- 
synaptic stimulation of cholinergic neurons) acetyl- 

choline. 3. Postsynaptic effects outlasted presynaptic 
stimulation (release of acetylcholine). 4. Postsynaptie 
cholinergic effects were smoothened (spike amplitude de- 
creased gradually). 5. This madulator effect was dose- 
dependent. 6. The modulator was either a protein or its 
derivative (peptides, glycopeptides). 
The modulator effect seemed to be multidetermined, e.g. : 
1. Adsorption on this protein may facilitate transsynaptic 
acetylcholine transport, and may delay its hydrolysis. 
2. Gradual release may smoothen the postsynaptic effects 
of acetylcholine. 3. Since the latency of the onset of 
modulation exceeded the latency of the first postsynaptic 
spike, postsynaptic processes seemed also to contribute. 
4. Because of Ca2+-transport proteins also occur in the 
vesicle content s~, promotion of transsynaptic Ca2+-trans - 
port may facilitate the effects of Ca ~+ on pre- and post- 
synaptic de- and repolarization ~. I t  has not yet been 
ascertained which of the 22 known proteins contained in 
cholinergic vesicles are responsible for the modulator 
effect. Soller et al. is suggested that  the acidic lipoproteins 
are carriers binding the putat ive neurotransmitter.  
Transport properties were also attr ibuted to glycopro- 
teins ~. Even though glycoproteins prevail in mem- 
branes, glycopeptides may also occur in the vesicle fluid ~. 
During presynaptic stimulation cholinergic vesicle walls 
is believed to fuse with the terminal membrane of the 
presynaptic neuron, and verse part  of their content into 
the synaptic cleft. Musick and Hubbard*8 did collect pro- 
teins from the effluent of stimulated mouse phrenic nerve. 
In addition to acetylcholine, the fluid ejected from these 
vesicles contained proteins (or their derivatives [peptides, 
glycopeptides]) with modulator effects. Generation of 
homosynaptic (posttetanic) potentiation is inherent in the 
different latency-requirements of acetylcholine and the 
modulator to initiate postsynaptic effects. The longer 
latency of the onset of modulator effect prevents the 
modulator from changing the first (or early) postsynaptic 
spikes. 
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Summary. Electrical stimulation to the substantia nigra (Pars reticulata) produced a monosynaptic inhibition of the 
neurons of the ventromedial  nucleus of the thalamus in anesthetized cats. 

One of the major outputs of the basal ganglia is the 
pallidothalamic pathway. Uno and Yoshida * have dem- 
onstrated that  neurons in the rostroventral portion of the 
thalamic nucleus ventralis lateralis (VL) receive mono- 
synaptic inhibition from the pallidal nucleus of the cat. 
Nigro-thalamic fibres form another output  system from 
the basal ganglia 3-8. In this paper we show that  stimu- 
lation of the substantia nigra monosynaptically produces 

IPSPs  (inhibitory postsynaptic potentials) in neurons of 
the ventromedial  nucleus (VM) of the thalamus. 
Materials and methods. Cats were anesthetized w i t h  so- 
dium pentobarbital  (30 mgJkg). Platinum-iridium needles 
of 0.2 mm diameter, insulated except for the very tiP, 
were used as stimulating electrodes. 6 needles were com- 
bined and inserted stere0taxically into the SN ~. Stimu- 
lating pulses were applied between 2 neighboring SN- 
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electrodes,  and  the  con t ra la te ra l  b rach ium c o n j u n c t i v u m  
(BC) was also s t imula ted  t h r o u g h  a pai r  9 f electrodes.  
S t imula t ing  posi t ions  were marked  by  electrolyt ic  lesions. 
Record ing  glass microelec t rodes  were inser ted  into t he  
t ha l am us  f rom a la tera l  angle of 30 ~ af ter  suct ion remova l  
of the  over lying cort ical  s t ruc tures .  Recording  sites were 
conf i rmed in every  e x p e r i m e n t  by  de te rmin ing  the  his to-  
logical locat ion of spots m a d e  b y  dye  e lect rophoresis  f rom 
recording p ipe t t es  filled w i t h  2 M po tas s ium ace ta te  
s a tu r a t ed  wi th  F a s t  Green FCF.  
Results  and  discussion. In  the  p re sen t  s tudy,  75 cells were 
recorded in t racel lu lar ly  or ext racel lu lar ly  in the  region of 
VL and  VM of the  tha lamus .  W h e n  microelec t rodes  
p e n e t r a t e d  tha lamic  cells which  were his tological ly con- 
f i rmed  to  be located  in VL, BC s t imula t ion  p roduced  
shor t  l a tency  E P S P s  (exc i ta tory  pos t synap t i c  potent ia ls)  
as i l lus t ra ted  in the  2nd shock of figure 1A. The E P S P  
was conf i rmed to  be evoked monosynap t ica l ly ,  and the  
tha lamic  ceils were V L  re lay  cells of the  cerebello- 
tha lamo-cor t i ca l  p a t h w a y ,  as descr ibed in the  previous  
paper  *0. Nei ther  E P S P s  nor  I P S P s  were evoked in these  
cells b y  SN s t imula t ion  wi th  s t imulus  in tens i t ies  up to  
3 mA (1st shock in figure 1A). 
On the  o ther  hand ,  ve ry  weak  SN s t imula t ion  (less t h a n  
0.3 mA) p roduced  shor t  l a t ency  hyperpola r iz ing  po ten-  
tials in tha lamic  cells located  ven t ra l  to  ]3C-VL re lay  cells 
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Fig. 1. Responses of VL and VM thalamic neurons. A Monosynaptic 
EPSPs evoked in a VL-neuron by stimulation of BC (2nd shock). The 
first shock was to the SN. B Intracellular recording of a VM-neuron. 
BC stimuJation did not evoke any response in this cell. C SN-evoked 
IPSPs (lst shock) in the same cell as in B. Second shock indicates 
BC stimulation, producing no transsynaptie potentials. Lower 
traces in A and C: juxtacellular field potentials. D Inhibition of  
extracellularly recorded spike discharges of a VM-neuron following 
SN stimulation. Upward arrow indicates stimulus artifact. E IPSPs 
produced by stimulations to SN (lst shock) and the midpoint (Znd 
shock) between SN and recording site. F Same as in E, but IPSPs 
were reversed to depolarizing potentials by iontophoretic injection 
of CI- into the cell through the recording electrode. G Superimposed 
tracing of E and F. Upward arrows indicate onset of IPSPs. H 
Latencies of IPSPs (ordinate) plotted against distance (abscissa) 
between stimulating and recording sites in 5 cells. Voltage scales are 
1 mV for A-C, 0.5 mV for D and 2 mV for E-G. Time scales are 
2 msec for A-C and E-G, and 10 msec for D. 

(figure 1 C). BC s t imula t ion  p roduced  no E P S P s  in these  
ceils (figure 113 and  also 2nd shock in C). The  SN-evoked  
hyperpo la r i za t ion  was of s imple  conf igura t ion  wi th  a 
t ime- to -peak  of 3-4 msec and  a dura t ion  grea ter  t h a n  
80 msec.  Because the  hyperpo la r iz ing  po ten t ia l s  could 
easily be reversed  to depolar iza t ions  by  in jec t ing  chloride 
ions e lec t rophore t ica l ly  into the  cells t h r o u g h  the  micro- 
e lect rode (figures 1E  and  F), t h e y  were  ident i f ied as  
I P S P s .  The inh ib i to ry  na tu re  of th is  hyperpo la r i za t ion  
could readi ly  be d e m o n s t r a t e d  by  suppress ion of sponta -  
neous discharges of the  tha lamic  neurons  (figure 1D). 
The l a t ency  of the  I P S P  was  measured  to  the  a p p a r e n t  
onse t  of t he  negat ive-going  phase  by  super impos ing  
jux tace l lu la r ly  recorded field potent ia ls .  The la tency  thus  
measured  was as shor t  as 1.2-2.0 msec (mean, 1.58 msec) 
in 25 neurons.  W h e n  the  n ig ro tha lamic  fibre was s t imu-  
la ted  b y  the  electrode placed in the  middle  be tween  the  
SN and  the  recording site, the  l a tency  of I P S P  became  
a p p a r e n t l y  shor te r  (2nd shocks in figures 1 E, F and  G). 
The p lo t  of l a tency  of t he  I P S P s  versus  s t imula t ing-  
recording d is tance  is made  in 5 cases a n d  i l lus t ra ted in 
figure 1H.  W h e n  the  s t r a igh t  line is e x t r a p o l a t e d  to  0 
d i s tance  in each case (the recording point) ,  the  Y- in te rcep t  
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Fig. 2. Distribution of thalamic neurons in VL-VM region. The dia- 
gram represents a frontal section of the thalamus. Open circles (�9 
show the location of neurons in which monosynaptic EPSPs were 
produced by stimulation of the contralateral BC, but there were no 
short latency responses to SN-stimulation. Pilled circles (Q) show 
the location of neurons in which monosynaptie IPSPs were produced 
by stimulation of SN, but which were not activated by BC-stimu- 
lation. VA nucleus ventralis anterior; VL nucleus ventralis lateralis; 
VM nucleus ventralis medialis; R nucleus reticularis; T M T  tractus 
mamillothalamicus; E N T  entopeduncular nucleus; OT optic tract. 
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is 0.2-0.6 msec. The value is in good ag reemen t  w i th  t h a t  
ob ta ined  in o the r  m o n o s y n a p t i c  p a t h w a y s  11. I t  is, there-  
fore, concluded t h a t  the  SN-evoked I P S P  in t he  tha lamic  
cells were p roduced  monosynapt ica l ly .  
The th resho ld  s t imulus  in tensi t ies  for p roduc ing  I P S P s  
in the  cells s tudies  were measured  at  var ious  s t imula t ing  
sites in and a round  SN. The posi t ions w i th  the  lowest  
threshold ,  which  ranged  f rom 0.05 to  0.3 mA, were 
d i s t r ibu ted  in a localized area f rom the  middle  to  the  
la teral  p a r t  of SN; th is  cor responded  a p p r o x i m a t e l y  to 
t he  pars  re t icu la ta  of the  subs tan t i a  nigra.  
The his tological  locat ions of the  impaled  neurons  were 
de t e rmined  on serial f ronta l  sect ions of the  t h a l a m u s  and 
summar ized  on the  r ep resen ta t ive  p lane  i l lus t ra ted  in 
figure 2. 10 cells which  received monosynap t i c  E P S P s  
f rom BC, b u t  w i t h o u t  SN-evoked I P S P s ,  were located  
dorsa l ly  wi th in  the  t h a l a m u s  a location cor responding  to  
VL. On the  o the r  hand ,  18 cells which received mono-  
synap t i c  I P S P s  f rom SN and were no t  ac t iva t ed  by  BC 

s t imula t ion ,  were located in an area ven t ra l  to  VL, cor- 
r e s p o n d i n g  to the  ven t romed ia l  (VM) nucleus of the  
tha lamus .  
I t  is agreed by  m a n y  au thors  t h a t  the  n igro tha lamic  
p a t h w a y  or iginates  in the  pars  re t icu la ta  of SN4,5, 7. 
T h a t  VM is an area in which  the  n igro tha lamic  projec t ion  
t e r m i n a t e s  has  been suggested wi th  reserva t ion  by  
1Rinvik 7 and  more  f i rmly  by  Mehler  (personal communi -  
cation).  Our results  show t h a t  t he  n ig ro -VM-pa thway  is 
inh ib i to ry  in na tu re  and  t h a t  VM-neurons  which  receive 
the  inhib i t ion  f rom SN do no t  receive converging inputs  
f rom the  cerebellum, indica t ing  t h a t  cerebellar  and nigral  
influences do no t  converge  d i rec t ly  on single tha lamic  
neurons  12. 
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Summary. Neurones  of Helix aspersa were exc i ted  and s t r e n g t h / d u r a t i o n  curves p lo t t ed  for an act ive and a si lent cell. 
E x p e r i m e n t a l  response  latencies  were longer t h a n  p red ic ted  by  the  theore t ica l  re la t ionship  a t  low currents .  The t ime 
c o n s t a n t  of exc i ta t ion  was longer in tile s i lent  t h a n  the  act ive  cell. 

The  t ime  c o n s t a n t  of the  mol luscan neurona l  soma, as 
ca lcula ted  b y  measur ing  the  electrotonic  response  of t he  
cell to the  app l ica t ion  of a square cu r ren t  pulse 2-5, 
varies be tween  20 and  250 msec.  This is 3-50 t imes  longer 
t h a n  the  t ime  cons t an t s  of m a m m a l i a n  neurones  of 
d i f fe rent  k inds  measured  in the  same way.  The t ime 
c o n s t a n t  value,  v, ca lcula ted  f rom s t r e n g t h / d u r a t i o n  
curves,  ob t a ined  when  m o t o r  neurones  are depolar ized 
and  exci ted,  is smaller  t h a n  expec ted  because  of t he  
effect  of a subl iminal  local responsee-L W h e n  plots  of 
s t r eng th / r e sponse  t ime  were made  in snail  neurones ,  we 
found t h a t  m u c h  longer, r a the r  t h a n  shorter ,  response  
t ime  cons t an t s  were obta ined .  Fu r the rmore ,  there  was 
a dev ia t ion  of the  expe r imen ta l  values f rom the  p red ic ted  
curve.  
I so la ted  bra ins  f rom Helix aspersa, the  c o m m o n  snail, 
were per fused  wi th  a physiological  saline conta in ing  
80 mM NaC1, 4 mM KC1, 5 mlV[ MgC12, 7 mM CaCI~, 
5 mM Tris-C1 correc ted  to  p H  7.8, 10% glucose, 50 units/1 
each penicil l in and s t r ep tomyc in  (Gibco), 0.4 ml/1 10 • 
conc. amino  acids for MEM Eagle  and 0.2 ml/1 100 X 
conc. v i t amins  for MEM Eagle  (Gibco). 2 cells were 
chosen,  one of which  was act ive and the  o the r  silent.  
These were p e n e t r a t e d  wi th  glass microelec t rodes  con- 
ta in ing  1 M po t a s s ium ace ta te  a t  p H  6.8 w i th  t ip  res is tance  
of 5-30 M~.  Signals were recorded via  a conven t iona l  
ca thode  follower and  W h e a t s t o n e  br idge circui t  t h ro u g h  
which  graded  square -wave  cur ren t  pulses could be 
passed.  Cur ren t  ampl i tudes  of 0-4 nA were in jec ted  into 
t he  cell soma,  and  the  response  t ime of act ion po ten t i a l s  
was recorded.  The m e m b r a n e  po ten t i a l  of each cell was 
ad jus ted  to  5 • 0.3 m V  below the  th resho ld  of firing. 
The capac i t a t ive  proper t ies  of the  recording sy s t em gave 
i t  an inhe ren t  t ime  c o n s t a n t  of abou t  0.5 msec. 

At  low cur ren ts  the  response t ime  of the  cell t ends  
towards  inf in i ty  9. The min imal  cu r ren t  requi red  for a 
response,  ob ta ined  by  ex t rapo la t ing  the  lower l imits  of a 
s t r en g t h / d u ra t i o n  curve,  is the  Rheobase  (I0). Values, as 
measured  f rom curves  for the  act ive  and  si lent cells, are 
given in the  table.  The cur ren t  appl ied,  I, is ob ta ined  
f rom the  equa t ion  

1 
I = Io. 1 -- exp(t]k) (1) 

where  t is the  dura t ion  of depolar iza t ion  and k is a factor  
of d imens ion  IT] The value of k canno t  be der ived 
d i rec t ly  f rom the  resul ts  of th is  exper iment ,  since i t  
depends  on a n u m b e r  of p roper t ies  of the  cell membrane ,  
including its capac i tance  and space cons t an t  9. However ,  
k can be ob ta ined  f rom equa t ion  1. I f  I becomes 210, the  
equa t ion  simplifies to  

t 
k = in.---~" (2) 
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