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M e c h a n i s m s  of I n h i b i t i o n  of Cerebe l lar  
P u r k i n j e  Gells  in  Rat  and  Frog  
F. E. Bloom, G. R. Siggins, B. J. Ho//er, A. 1~. Oliver and 
D. J. Woodward* 
Laboratory o/Neuropharmacology, National Institute 
o~ Mental Health, St. Elizabeths Hospital, 
Washington (D.C. 20032, USA), Department o/ 
Physiology, University o/ Rochester*, 
Rochester (New York 14627, USA) 

Purkinje cells respond to iontophoresis of norepine- 
phrine (NE) by reduction of spontaneous discharge rate. 
Cyclic AlX{P (C-AMP) also depresses rate and a large 
body of other pharmacological evidence supports C-AMP 
as the postsynaptic mediator of NE effects. When rat  Pur- 
kinje cells are recorded intracellularly during extracellu- 
lar drug applications, NE  and cyclic adenosine nucleo- 
tides hyperpolarize, without  decreasing membrane resis- 
tance, distinguishing it from classical inhibition. NE-  
containing nerve terminals synapse with Purkinje cells, 
as shown by light and electron microscopic histochemistry. 
In a t tempts  to act ivate  this pa thway selectively, several 
NE-containing brain stem nuclei were discretely stimu- 
lated with bipolar concentric electrodes. Positive inhibi- 
tory  effects were obtained only with locus coeruleus (LC) 
stimuli:  trains of 10-150 pulses at  5-20/sec produced 
dramatic cessation of firing of Purkinje cells, lasting 
12-65 sec, but  not  of interneurons. Single LC stimuli 
produce inhibition of 60-400 msec. Cerebellar NE axons 
and LC inhibitory effects are eliminated by chronic pre- 
t rea tment  with 6-hydroxydopamine, or by acute treat-  
ment  with reserpine and alpha methyl  tyrosine. Purkinje 
cells also respond to gamma amino butyric acid (GABA) 
by reducing discharge rate. This amino acid hyperpolar- 
izes Purkinje cells while decreasing membrane resistance, 
analogous to classical inhibitory postsynaptic potentials. 
In frogs, inhibition of Purkinje cells by molecular layer 
interneurons is blocked by the iontophoretic administra- 
t ion of the GABA antagonists picrotoxin or bicuculline, 
but  not the glycine antagonist, strychnine. These studies 
provide evidence for two types of inhibitory pathways 
to Purkinje cells: a unique inhibitory pathway from 
locus coeruleus mediated by NE, and a more conven- 
t ional cortical interneuronal inhibitory pathway mediated 
by GABA. 

M e c h a n i s m  of A c t i o n  of P s y c h o t o m i m e t i c  D r u ~ s  
in  the  B r a i n  S t e m  
P. B. Bradley, L Briggs and A. Dray 
Department o/ Pharmacology, The Medical School, 
Birmingham Bt5  2TJ (England) 

Recent investigations with three derivatives of lysergic 
acid have shown that  their  potencies as antagonists to 
the exci tatory effects of 5-HT closely paralleled their 
psychotomimetic potencies, LSD 25 being the most 
potent  and B 0 L  148 the weakest t, 

I t .  has been suggested 2 tha t  methylated amines, 
arising from abnormalities in methylat ion or demethyla- 
t ion reactions in the CNS, may be involved in the 
aetiology of schizophrenia. Since several methylated 
t ryptamine  derivatives, which are present in relatively 
large amounts in the blood of schizophrenics s are 
known to possess psychotomimetic act ivi ty  similar to 
tha t  of LSD 25 ~, 5, ~, L the actions of several t ryptamine  
derivatives, and their  interactions with 5-HT and other 

putat ive  transmitters have been studied using the ionto- 
phoretic technique. The effects of these substances are 
complex: on some neurones their effects are similar to 
those of 5-HT but with different t ime courses; on others 
the effects of 5-HT were specifically antagonized. Results 
will also be presented from studies in animals pretreated 
with reserpine or PCPA in order to deplete 5-HT in 
the brain. 

1 R.J .  BOAKES, P. B. BRADLEY, I. BRIGGS and A. DRAY, Br. J. 
Pharmae. dO, 202 (1970). 
H. OSMOND and J. R. SM'ZTmES, J. mont. Sei. 98, 309 (1952). 

a B. HELLER, N. NARASIMHACHARÂ, J. SPAIDE, L HASKOVEC and 
H. E. Hx~tWXCH, Experientia 26, 503 (1970). 

4 F. BENINGTON, R. D, MORIN and L, C. CLARK, Alabama J. reed. 
Sci. 2, 397 (1965). 
Z. B6SZ6Mf~NYI, P. D~R and T. NACY, J. mont. Sci. I05, 171 
{1959). 

8 S. SZARA, in: Psychotropic Drugs (Eds. S. GARATTIm and 
V, GtIETTI; Elsevier, Amsterdam 1957), p. 460. 

7 A. T. SHULGIN, in: Psychotomimetic Drugs (Ed. D. H. EFRON; 
Raven Press, New York 1970), p. 119. 

G l y c i n e  and  G A B A  A c t i o n s  in  H y p o g l o s s u s  N u c l e u s  
and B l o c k i n ~  Effects  of S t r y c h n i n e  and 
P i c r o t o x i n  
G. ten Bruggencate and U. Sonnho/ 
Department o/ Physiology, University of Munich, 
Pettenho/erstrasse 12, D-8 Mi~nchen 15 (Germany) 

Effects of neutral o~-amino acids on hypoglossus moto- 
neurones were studied with intracellular recording and 
extracellular analysis of antidromic field potentials in 
cats and rabbits. Drugs were applied iontophoreticatty 
with cationic currents (glycine and GABA 0.5 M, adjusted 
with 0.1 eq. HC1; strychnine as 10 m3//, picrotoxin as 
saturated solution in 165 mM NaCI) from 3- or 4-barrel 
pipettes glued parallel to a single recording electrode. 

On hypoglossus motoneurones, neutral  ~-amino acids 
had principally the same actions as described in spinal 
cord motoneuronesl ,  *, including hyperpolarization and 
conductance increase of the membrane. A comparison 
of the relat ive strength of glycine and GABA actions 
was made on the prominent  antidromic field potential 3. 
In 70% of the electrodes tested, glycine clearly was more 
effective than GA]3A (comparing currents of similar 
magnitude), in 12% GABA was the more effective sub- 
stance, and in 18% no distinct difference was detected. 
Glycine actions were antagonized selectively by strych- 
nine (also when intravenously applied), while picrotoxin 
clearly blocked GABA actions. Picrotoxin affected glycine 
actions slightly only with high currents ( >  120 nA). 

The results show tha t  hypogtossus motoneurones, 
located in the brain stem, behave in principle similarly 
to spinal cord motoneurones in respect to the actions 
of neutral  e~-amino acids. The rather  selective blocking 
effect of picrotoxin against GABA, reported previously 
in Deiters4, ~ and oculomotor 6 nuclei, is also confirmed. 

a D.R. CVRTIS, L. H6s~I, G. A. R. JOItNSTON and J. H. JOItNSTON, 
Expl. Brain Res. 5, 235 (1968). 
R. WERMAN, R. A. DAVIDOFF and H. M. APRISON, J. Neuro- 
physiol. 31, 81 (1968), 

z R. LORENTE DE N6, J. cell. comp. Physiol. 29, 207 (1947). 
* G. TEN BRUGGENCATI¢ and I. ENGBEEG, Brain Res. 25, 431 (1971). 

K. OBATA, K. TAKEDA and H. SmNOZAKI, Expl. Brain Res. II, 
327 (I970). 
K. OBATA and S. M. HIGHSTEIN, Brain Res. 78, 538 (1970). 
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Anaino  Ac id  A n t a g o n i s t s  
D. R. Curtis 
Department of Physiology, John Curtin School o i Medical 
Research, Australian National University, 
Canberra A C T (Australia) 

Useful information regarding the nature of the trans- 
mit ter  at  a particular set of synapses may be provided 
by the use of a specific antagonist:  a compound which 
blocks synaptic transmission at postsynaptic sites should 
also block the action of a substance suspected of being 
the transmitter.  There are, however, considerable dif- 
ficulties in comparing the effects of electrophoretically 
and systemically administered agents on both synaptic 
processes and inhibition or excitation induced by the 
artificial administrat ion of a puta t ive  t ransmit ter  near 
n e u r o n e s .  

The observation tha t  strychnine, and a number  of 
related substances which block certain types of spinal 
inhibition, are all glycine antagonists provides support 
for proposals that  glycine is of considerable significance 
as an inhibitory t ransmit ter  in the spinal cord. On the 
other hand, bicuculline, which does not  modify these 
strychnine-sensitive inhibitions, does reduce the prolonged 
inhibition of spinal reflexes which are sensitive to p!cro- 
toxin, and also influences synaptic inhibitions in the 
cerebral cortex, cerebellum, hippocampns, ventrobasal 
thalamus, lateral vestibular nucleus and olfactory bulb. 
Since bicuculline is a selective antagonist of the inhibitory 
effect of GABA upon neurones in these various regions 
of the CNS, these observations support  other types of 
evidence that  GABA is of major significance as an inhibi- 
tory t ransmit ter  operating throughout  the brain and 
spinal cord. 

Specific antagonists are being sought in order to 
establish t ransmit ter  roles for excitant  amino acids. 

R e l e a s e  P r o c e s s e s  for N e u r o h o r m o n e s  and 
the  Secre t ion  of N e u r o t r a n s m i t t e r s  
J. J.  Drei/uss, J. D. Grau and J. J. Nordmann 
Department of Physiology, University of Geneva 
Medical School, 20, rue de l'Ecole-de-Mddecine, 
CH- 1277 Gen~ve (Switzerland) 

The release of hormones from the neurohypophysis 
and the release of neurotransmitters at  chemical synapses 
both depend on the entry of calcium into the nerve 
terminals following their  depolarization by invading 
action potentials. Isolated rat  neurohypophyses were 
studied in vitro and the octapeptides released on elec- 
trical stimulation of the pi tui tary  stalk or on exposure 
to excess potassium were estimated by  a milk-ejection 
assay. The addition of tetrodotoxin (TTX) to the incuba- 
tion medium abolished the compound action potential  
recorded from the neural lobe following electrical stimula- 
tion, as well as the stimulus-evoked hormone release. 
Resting release, however, was unaffected by TTX.  In 
TTX-t rea ted  neurohypophyses, excess potassium was 
still effective in eliciting graded secretory responses, thus 
indicating the independance of the release process from 
the increase in sodium conductance responsible for the 
propagation of action potentials 1. 

The presence of external sodium is not  an essential 
requirement for hormone release; in fact, in Na-free 
Locke solutions, electrical stimulation of the pi tui tary 
stalk still evoked an enhanced output  of neurohypophy- 
sial hormones. In media in which the concentrations of 
Na + and Ca ++ were varied, release depended on the 

Ca++ 
(Na----~)- ~- ratio, an observation tha t  indicates competi t ive 

antagonism between Na and Ca ions at the level of re- 
lease triggering sites. 

These and other parallels support  the concept ~ tha t  
the release processes for neurohormones and for neuro- 
transmitters may  be essentially similar. 

(Supported by the Swiss National Science Foundation, 
grant No. 5340.3, and the F. Hoffmann-La Roche Foun- 
dation, grant No, 117). 

X j . j .  DREIFUSS, L KALNINS, J.  S, KELLY and K. B. RUF, J. Physiol., 
Lond. 2~5, 805 (1971). 

2 W.W. DOUGLAS, Br. J. Pharmac. 3d, 451 (1968). 

F a c i l i t a t i o n  at  the  Crayf i sh  N e u r o m u s c u l a r  
J u n c t i o n ,  th e  Effect  of H y p e r p o l a r i z a t i o n  of  the  
T e r m i n a l s  and  of O u a b a i n  
J. Dudel 
Universitiit Heidelberg, I I .  Physiologisches Institut, 
Bergheimerstrasse 747, 19-69 Heidelberg (Germany) 

In terminal regions of crayfish motor fibres potential  
changes generated in the terminal  and postsynaptic 
potentials were recorded using extracellular microelec- 
trodes. At 100-200 ~m distance from the recording site 
a nerve branch was cut and sucked into a capillary 
electrode. Insulation at  the electrode tip either was 
established by close fit of the capillary 1 or by a sucrose 
gap within the suction electrode. Through this electrode 
polarizing current could be supplied and action potentials 
of the nerve fibre could be measured. 

During application of hyperpolarizing current the am- 
plitude of the postsynapt!c potentials increased by factors 
of 1.3-4.1. This was due to an increased probabil i ty of 
release of quanta,  the effects of hyperpolarization thus 
were analogous to synaptic facilitation 2. Also similar to 
states of synaptic facilitation the frequency of sponta- 
neous postsynaptic potentials decreased during hyper- 
polarization. The potentials recorded from the nerve 
terminal  were increased and prolonged during hyperpo- 
larization, and the action potentials recorded from the 
motor nerve fibre through the sucrose gap suction elec- 
trode increased from 15 to 22 mV during the application 
of -- 0.1 ~A of hyperpolarizing current, while the dura- 
t ion of the action potential  was prolonged from 4 to 
9 ms. Similar effects on the nerve terminal potentials 
also were seen during synaptic facilitation s. 

These results suggested tha t  hyperpolarization of the 
terminal might  be the basis of synaptic facilitation. One 
possible mechanism of hyperpolarization might  be "the 
act ivat ion of all electrogenic Na+-pump during repeti t ive 
stimulation. However, application of 10-1M ouabain for 
1 h did not decrease facilitation. 

1 J. DUDEL, Pflfigers Arch. ges. Physiol. 324, 227 (1971). 
2 J. DUDEL and S. ~r  KUFFLER, J. Physiol. 155, 530 (1961). 
3 J. DVn~L, Pfliigers Arch. ges. Physiol. 282, 323 (i965). 

A c e t y l c h o l i n e  T u r n o v e r  I n v e s t i g a t e d  at  a 
S u b c e l l u l a r  Leve l  in  the  Elec tr ic  O r g a n  
of  T o r p e d o  
Y. Dunant, J. Gautron, M. Isragl, B. Lesbats 

and R. Manaranche 
Service de Microscopie dlectronique, Hdpital de 
la Salpgtri~re, bd de l'Hdpital 47, Paris 13 e (France) 

Acetylcholine (ACh), the t ransmit ter  of the nerve- 
electroplaque junction, is stored in nerve terminals in 
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two cpmpartments.  The 'bound ACh' represents 60% of 
the total  ACh; it  is associated to synaptic vesicles which 
can be purified directly from a homogenate of electric 
organ 1. The 'free ACh' is the fraction destroyed during 
homogenisation unless chotinesterase has been inactivated. 

Electrophysiological, biochemical and morphological 
controls show that  fragments of electric organs remain 
undamaged after several hours of incubation in a appro- 
priate saline medium. A brief t rain of stimuli applied to 
the nerve terminals is sufficient to convert an important  
amount  of ACh into choline; recovery occurs at a slow 
rate. During stimulation, the 'free ACh' dramatically 
decreases, bu t  the amount  of 'bound ACh' remains fairly 
constant  even when the electrical response is abolished. 
l~C-choline added to the medium is incorporated into 
both ACh compartments.  During series of successive 
periodes of stimulation, the specific radioactivity (SA) 
of the 'bound ACh' is little or not  changed; in contrast 
the SA of the 'free ACh' is markedly modified indicating 
resynthesis. The SA of the released transmit ter  shows 
changes parallel to those of the 'free ACh' and is very 
different from the SA of the 'bound ACh'. The actual 
nature and localization of the 'free ACh' has not  been 
elucidated. The newly synthetized transmit ter  should be 
extravesicular since choline acetyltransferase is not 
associated to synaptic vesiclesL I t  is concluded tha t  the 
'free ACh' is directly involved in both the synthesis and 
release of t ransmit ter  and that  the 'bound ACh', i.e. the 
vesicular ACh, behaves as a s tat ionary compartment.  

1 M. ISRAEL, J. GAUTRON and B. LESBATS, J. Neurochem. 17, 1441 
(1970). 

P r o b l e m s  of Synaptogenes i s  in the Cerebe l lum 
J. C. Eccles 
Laboratory o/ Neurobiology 
State University o /N .  Y. at Buffalo, 
4234 Ridge Lea Rd., Amherst (N. Y. 14226, US,//) 

The development both of the neurones and of their 
synaptic connections in the cerebellum raises many funda- 
mental  problems in neurobiology. For example a differ- 
entiat ing mitosis of the same stem cells of the external 
granular layer gives rise to neuroblasts that  develop into 
either the excitatory granule cells or the inhibitory basket 
and outer stellate cells. Evident ly  at this mitosis there is 
established a genetic specification for production of excit- 
atory t ransmit ter  on the one hand and inhibitory trans- 
mit ter  on the other. I t  is probable tha t  a comparable 
differentiating mitosis deeper in the developing cerebellum 
gives rise to the excitatory nuclear cells and the inhibi tory 
Purkyng cells and Golgi cells. In  order to meet their syn- 
aptic donors, the incoming mossy fibers, granule cells 
migrate downwards from the molecular layer to form the 
granular layer, bu t  leave their axons as the parallel fibers 
of the molecular layer. Similarly, in order to meet their 
synaptic donors, the Purkyn~ cells migrate upwards to 
the molecular layer, leaving their axon terminals to make 
synapses on the nuclear cells. I t  appears in this way that  
much of the regional specificity of connections derives 
from the original loci of the neurogenesis. Neurones are 
endowed with receptors for both kinds of inhibi tory trans- 
mitter, GABA and glycine, though usually only one type 
of t ransmit ter  site attracts inhibi tory synapses. I t  is there- 
fore suggested that  the specificity of synaptic connections 
is established by  axon terminals actively seeking appro- 
priate sites for the action of their t ransmit ter  substances. 
However it  is probable tha t  more subtle surface recognition 
is also operative in guiding synaptogenesis. 

O n  the Act ions  of Noradrenal ine  
in Spinal  Cord 1V[otoneurones 
t .  Engberg, I(. C. Marshall and U. Sonnho] 
Department o[ Physiology, University o/Geteborg, 
Fack, 40033 G6teborg 33 (Sweden) 

Microelectrophoretic applications of noradrenaline 
(NA) to certain types of neurones have been shown to 
hyperpolarize their cell membranes by a mechanism 
that  differs from that  of the inhibi tory amino acids. In  
motoneurones the NA hyperpolarization causes an 
increase in the amplitudes of action potentials, when 
their generation is not completely inhibited, and often 
a slight increase in the amplitudes of EPSPs;  IPSPs  are 
normally decreased, tntracellular injection of chloride 
ions or passage of a hyperpolarizing current adequate 
to reverse IPSPs  does not  reverse the NA hyperpolariza-. 
tion. Reversed IPSPs  increase in amplitude when NA is 
applicd. In  cells, depolarized to the level where the anti-  
dromic spike invasion becomes blocked, NA reversibly 
restores the soma-dendritic spike. 

Measurements of membrane conductance by the injec- 
t ion of current pulses via the recording intracellular 
electrode do not show any conductance increase. Neither 
do they show a conductance decrease of the magnitude 
that  has been reported from investigations of NA actions 
on cerebellar Purkinje cells. In  this respect the mecha- 
nism of the NA hyperpolarization of motoneurones is 
similar to tha t  of sympathetic ganglion cells and may 
involve active ion transport,  t-Iowever, we have found 
a small conductance decrease which, if due to a change 
in sodium permeability, could explain the hyperpolariza- 
tion. In  measurements of such small conductance changes, 
particular care must  be taken to avoid influences from 
variations in electrode resistance. 

The actions of NA are enhanced by protriptyline. This 
observation could reflect a blocking of NA uptake by 
the monoaminergic nerve terminals that  have been 
shown to exist in the vicinity of motoneurones. 

lV[onoamines and the Exci tatory  
Nigro -S tr ia ta l  Synaptic  Linkage 
P. Feltz 
Department o] Anaesthesia Research, 
Melntyre Building, McGill University, 
P.O. Box 6070, Montreal 101 (Canada) 

An identified population of caudate neurones has been 
demonstrated to respond monosynaptically to stimula- 
t ion of the substantia  nigra (SN). Under a variety of 
anaesthetic conditions, dopamine, noradrenaline and 
serotonin injected microiontophoretically have failed to 
induce any  change in this synaptic excitability. When 
these cells are made to fire by  glutamate or aspartate, 
the discharge can be depressed by  SN stimulation sub- 
threshold for excitation. However, this inhibitory effect 
of nigral stimulation is unable to block the nigral excit- 
atory input. Such inhibi tory effects may explain the 
regular and long lasting increase in the latency of re- 
sponses observed after prolonged tetanic st imulation at 
> 2 5  Hz 1 and after microiontophoretic injections of 
glutamate. Furthermore the amino-acid induced firing 
proved to be depressed by  monoamines and possibly by 
acetylcholine. The specificity of the inhibitory effect is 
therefore questionable and it  may involve more than 
one neighbouring neurone. In  conclusion, most of the 
caudate cells excited by  a direct nigro-caudate pathway, 
composed of fine fibres (mean latency of response for 
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278cells: 18.2:kS.8msec, S.D,) cannot be shown to 
receive an excitatory synaptic dopaminergic input,  on 
the basis of iontophoretic studies. The pharmacology of 
nigro-caudate inhibitory effects mimicked by dopamine 
when caudate neurones are excited by amino-acids, 
seems to call for further electrophysiological analysis of 
the specificity of nigral st imulation and of the intrinsic 
organization of the caudate nucleus. 

P. FELTZ and J. S. MAcKENzIE, Brain Res. 13, 612 (1969). 

E x c i t a t o r y  A c t i o n s  of  G A B A  and 
of  I n h i b i t o r y  N e u r o n s  
Ernst Florey 
Fachbereich Biologic, Universitiit Konstanz, 
Jacob- Burckhardt-Strasse, D-775 Konstanz (Germany) 

Gamma-aminobutyric acid (GABA) like inhibitory 
neurons causes a conspicuous increase of C1--conductance 
at subsynaptic and chemically excitable membrane areas 
of many types of nerve and muscle cells. Since the C1-- 
equilibrium potential  is usually close to the resting 
potential, the effect is that  of inhibition of impulse 
generation. Provided the resting membrane shows a low 
permeabili ty to CI-, it  is possible to temporarily reduce 
the external Cl--concentration without causing a signifi- 
cant depolarization. By electrotonic spread to neigh- 
boring membrane regions which are not themselves 
affected by the t ransmit ter  (GABA) these regions can 
become excited and the effect can sum with that  of 
epsp's. In  stretch receptor neurons of crayfish the 
frequency of spike generation is linearly and inversely 
proportional to the membrane potential. Electrophoretic 
injection of C1- in the neuron, or reduction of the external 
C1--concentration cause ipsp's and GABA to have a 
depolarizing action resulting in an increase in the fre- 
quency of firing. In  crustacean muscle conducted action 
potentials are the exception; contraction is elicited by 
epsp's and depolarization. In  muscle fibers with low 
C1--permeability it  is possible to produce powerful con- 
traction by applying GABA in a medium of low C1-- 
concentration. I t  is very possible tha t  normally occurring 
changes in intracellular C1--concentration modify the 
response of postsynaptic cells to the t ransmit ter  released 
from inhibitory neurons and that  such a mechanism 
plays an important  role in changing the performance of 
neuronal circuits, and thus in animal behavior. 

In duc t ion  of R N A  S y n t h e s i s  by  S t i m u l a t i o n  
of  the  P o s t s y n a p t i c  M e m b r a n e  in  a M a m m a l i a n  
S y m p a t h e t i c  G a n g l i o n  
Victor Gisiger 
lnstitut de Physiologic, Universitd de Lausanne, 
Bugnon 7, CH-IO]I Lausanne (Switzerland) 

Modifications of the RNA synthesis induced by neuronal 
st imulation were studied in the sympathetic ganglion of 
tt;e rat  in order to investigate the mechanisms which 
enable the nenronat activity to modify RNA synthesis. 
The effect of neuronal stimulation was determined by 
measuring the variations of the specific radioactivity of 
RNA extracted from ganglia incubated in a modified 
Eagle's medium and labelled by trit iated uridine. 

Preganglionic st imulation caused temporarily a reduc- 
tion of the incorporation of the precursor followed by an 
increase. Electrophoresis of RNA performed on 2-6~o 

exponential gradient polyacrylamide gels (MIRAULT and 
SC~ERREa, submitted to Eur. J. Biochem.) showed that  
the increase in RNA specific radioactivity was essentially 
confined to heavy RNA. Neuronal st imulation during 
the blockade of the synaptic transmission by d-tubo- 
curarine or mecamine had no measurable effect on the 
incorporation of trit iated uridine. Externally applied 
acetylcholine (ACh) induced changes in the RNA specific 
radioactivity tha t  were similar to those observed during 
the preganglionic stimulation. Preventing the generation 
of the action potentiM by tetrodotoxin (TTX) or de- 
polarizing the neurons by KC1 did not  change the effect 
of ACh on the specific radioactivity. Controls indicated 
that  neither TTX nor depolarization affected the prey 
cursor incorporation. These results suggest tha t  neuronal 
st imulation by endogenous or exogenous Aeh increases 
the RNA synthesis and that  the signal inducing the 
observed metabolic changes arises from the activated 
postsynaptic membrane. 

Supported by SNSF, grants No. 4795 and No. 3.144.69. 

Effects  of S e r o t o n l n  ( 5 - H T )  and s o m e  Re la ted  
Indole  C o m p o u n d s  in a M a m m a l i a n  
S y m p a t h e t i c  G a n g l i o n  
W. Hae/ely 
Department o[ Experimental Medicine, 
F. Hoffmann-La Roche 6o Co. A G. 
CH-dO02 Basel (Switzerland) 

The literature on the actions of 5-HT in autonomic 
ganglia is controversial, some authors having observed 
only an excitatory effect while only inhibit ion was 
reported by other investigators, 

This study was carried out on the cat superior cervical 
ganglion in situ. Ganglionic surface potentials and the 
electrical activity in the postganglionic externalcarotid 
nerve were recorded in response to injections of 5-HT 
and related compounds into the carotid artery. 

The most prominent  effect of 5-HT was a rather 
longlasting, dose-dependent depression of ganglionic 
transmission. This depression was accompanied by and 
related in its t ime course to a ganglionic hyperpolariza- 
tion, to a reduction of the postpositivity and an increase 
of the postnegativity of the ganglionic action potential. 
The threshold dose for synaptic inhibit ion was extremely 
low - on the average 10 -11 mole (about 1.7 ng of 5-HT 
base). Tile inhibi tory effect increased slowly over a dose 
range of 5 log units, however, responses to single supra- 
maximal preganglionic stimuli could not  be abolished. At 
higher doses a small ganglionic depolarization of only sever- 
al seconds duration accompanied by asynchronous dis- 
charges and facilitation of synaptic transmission occurs. 
5-HT-induced st imulation reached its maximum already 
with doses 10 to 30 times threshold; the sensitivity of 
ganglia to the excitatory action was increased by prior 
tetanie stimulation. Depolarization and facilitation was 
followed by  depression and two phases of hyperpolariza- 
tion. An immediate shortlasting hyperpolarization re- 
sembled that  observed after depolarization by nicotinic 
agents, the longlasting hyperpolarization was obviously 
the effect already observed -with doses subthreshold for 
stimulation. ]3ufotenin had qualitatively identical actions, 
whereas lysergic acid diethylamide and psilocybin showed 
only the inhibi tory effect of 5-HT. a-Methyl-5-HT had 
no inhibi tory actions and its st imulating effect was 
blocked by hexamethonium. 
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G l u t a m a t e  as  a Fac tor  in  the  M e c h a n i s m  for 
F l u i d  S h i f t s  in  Centra l  N e r v o u s  T i s s u e  
A. Van Harreveld and E. Fi/kova 
Cali/ornia Institute of Technology, 
Division o] Biology, 1201 E. Calf/. Blvd., 
Pasadena (Cali[ornia 91109, USA) 

There is evidence that  during asphyxiation and spread- 
ing depression extracellular material  is transported into 
the intracellular compartment  as shown by an increase 
in tissue impedance, an accumulation of chloride in 
cellular elements and a loss of extraceltular space in 
electron micrographs of freeze substituted material. This 
transport has been ascribed to an increase in Na per- 
meabil i ty  of plasma membranes caused by a release of 
glutamate from the intracellular compartment.  The latter 
concept is supported by a release of labelled glutamate 
from isolated chicken retinas charged with '4C glutamate, 
during stimulation with direct current or solutions of 
KC1 or unlabelled glutamate, which elicit spreading 
depression in the cerebral cortex. 

Spreading depression in the re t ina  causes an increase 
of the tissue transparency due to the uptake of extra- 
cellular materiaI by the intracellular compartment  and 
thus by an increase in Na permeability. The glutamate 
release and the transparency change are affected dif- 
ferently by continued application of glutamate in low 
concentrations which causes desensitization of the trans- 
parency change elicited by st imulating glutamate con- 
centrations, but  not of the glutamate release. Magnesium 
ions suppress the transparency change but not the release 
of the label caused by application of the unlabelled amino 
acid. Homocysteic acid causes the transparency change 
without  a glutamate release. These observations could 
be explained by the presence of independent Na and 
glutamate channels either in the plasma membrane of 
the same or of different structures. Both channels would 
be affected by glutamate.  Desensitization, Mg ions and 
homocysteic acid would affect the Na, but  not  the 
glutamate channels. 

Effects  of  G l y c i n e  on B u l b a r  R e t i c u l a r  
N e u r o n e s  in  v i v o  and S p i n a l  N e u r o n e s  
in  T i s s u e  C u l t u r e  
L. H6sli, H. L. Haas, P. F. AndrOs and E. HJsli 
Department o/Neurophysiology, Neurological Clinic 
o/the University o/ Basel, Socinstrasse 55, 
CH-dO51 Basel (Switzerland) 

I t  has been shown that  glycine is a more potent  
depressant of bulbar reticular neurones than GABA, and 
that  strychnine reversibly blocks the depressant action 
of glycine but not  that  of GABA*. In contrast  bicuculline 
often reversibly reduced the depression caused by GABA 
but only sometimes affected the depression by glycine 2. 

The action of gtycine on the membrane potential  and 
the membrane conductance was studied using a single 
KCl-electrode for intracellular recording and a 4-barrel 
micropipette for extracellular drug application. The 
depression of reticular neurones by glycine was accom- 
panied by a hyperpolarization and an increase in mem- 
brane conductance. The hyperpolarization was sometimes 
reversed to a depolarization presumably due to the 
spontaneous diffusion of chloride ions from the recording 
electrode. These observations provide some evidence 
tha t  glycine may be the major inhibitory transmitter  
in the medulla oblongata, as has been proposed for the 
spinal cordS, 4. 

Glycine also caused a hyperpolarization and an increase 
in membrane conductance of large spinal neurones 
(probably motoneurones) which have been grown for 
13-26 days in tissue cultures (method for cult ivation 
see~). These results suggest that  spinal neurones grown 
in vitro have similar pharmacological properties as those 
observed in vivo ~,4. 

1 L. H6SLI and A. K. T~B~cts, Expl Brain Res. 11, 111 (1970). 
A. K. TEBEcIS, L. H6SLI and H. L. HAAS, Experientia 27, 548 
(1971). 

3 ]). R. CURTIS, L. HOSLI, G. A. R. JOIINSTON and 1. H. JOUNSTON, 
Expl Brain Res. 5, 235 {1968). 

4 It. WER.',IAN, U. A. DAVIDOFF and M. H. Aerosol, J. Neuro- 
physiol. 31, 81 (1968). 
E. H6SLI and L. H6SLh Brain Res. 30, 193 (1971). 
We are indebted to Dr. A. K. Tebgeis who participated in some 
of the experiments. 
Supported in part by the Sandoz-Stiftung zur F~Srderung tier 
medizinisch -biologischen Wissenschaften. 

T h e  P r e s e n t  S t a t u s  of  the  Ves i c l e  H y p o t h e s i s  
John I. Hubbard 
Department o~ Biological Sciences, 
NorthweStern University, 
Evanston (Illinois 60201, USA) 

The finding of vesicles in nerve terminals at synapses 
and the finding that  acetylcholine (ACh) release, both 
spontaneous and in response to nerve impulses, always 
occurred in uniform, muttimolecular packets led to the 
hypothesis tha t  the vesicles contained and released the 
packets of ACh. Fur ther  electron microscopic and electro- 
physiological observations have shown the ubiquity of 
presynaptic vesicles and quantal  release at  chemically 
t ransmit t ing synapses. More recently vesicles from known 
synapses have been isolated and shown to contain not 
only the t ransmit ter  but  proteins and in cases of adrenergic 
vesicles, ATP. Furthermore,  protein and t ransmit ter  can 
be found together in perfusates from stimulated prepara- 
tions. These investigations are complemented by studies 
correlating changes in vesicle number, volume and 
distribution as seen in electron microscopy with perturba- 
tions of release, particularly of quantal  size. 

The major remaining problems are the nature of the 
interaction between vesicle and nerve terminal mem- 
brane and the mechanism by which a vesicle releases its 
contents, the so-called reverse pinocytosis or exocytosis. 
To account for the life span of vesicles and t ransmit ter  
it is necessary to assume continued refilling and re- 
emptying of vesicles. I t  seems possible that  upon empty- 
ing the vesicles are partly refilled with extraeellular 
material  which, after reformation of the vesicle, is re- 
moved. The granular core of some vesicles indicates that  
they contain catechotamines. Research would be much 
speeded if it were possible to distinguish either full or 
empty  vesicles at cholinergic junctions. 

S y n a p t i c  T r a n s m i s s i o n  M e c h a n i s m s  in  the  
Gerebe l lar  a n d  V e s t i b u l a r  I n h i b i t i o n  
?vIasao Ito 
Department ol Physiology, Faculty o/ Medicine, 
University o/ Tokyo, Bunkyo-ku, Tokyo (Japan) 

In cats and rabbits, transmission mechanism of inhibi- 
tory synapses were investigated at three loci ; 1. synapses 
supplied by Purkinje cells to Deiters neurones; 2. those 
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supplied by superior vestibular nucleus neurones to I I I rd  
nucleus neurones; 3. those supplied by medial vest ibular  
nucleus neurones to C 1 spinal neurones. With  the inhibi- 
tory postsynaptic potentials produced via these synapses, 
the unitary compgsition, temporal  facilitation and depres- 
sion, and frequency potentiat ion characteristics were 
analysed and compared with those in excitatory synapses. 
The inhibitory action of Purkinje cells of flocculus was 
indicated by a reflexological technique; the secondary 
vestibular volley evoked in I I I rd  nucleus by  stimulation 
of v l n t h  nerve was depressed very effectively after 
st imulation of flocculus. This provided a very good 
material  for further studying physiological and pharma- 
cological properties of Purkinje cell inhibition. 

A u t o r a d i o g r a p h i c  S t u d i e s  of  the  D i s t r i b u t i o n  
of  3 H - G A B A  in  M a m m a l i a n  C N S  
L. L. Iversen and F. E. Bloom 
Department o/ Pharmacology, 
Medical School, Hills Road, Cambridge (England) 

The distribution of uptake sites for ~H-GABA in rat  
brain and spinal cord slices and homogenates has been 
studied by autoradiographic techniques at the light 
microscope and electron microscope levels. Preliminary 
studies established tha t  radioact ivi ty accumulated by 
such preparations could be entirely accounted for as 
unchanged aH-GABA, and tha t  a major proportion of 
this radioact ivi ty  could be retained in the tissues after 
glutaraldehyde fixation. 

In slices of cerebral cortex, electron microscope auto- 
radiography indicated a specific localization of aH-GABA 
over  nerve terminals and preterminal  axons, which 
accounted for 82% of all autoradiographic activity.  Not  
all nerve terminals became labelled after exposure to 
~H-GABA; only about  30% of all terminals showed 
autoradiographic activity.  In homogenates of cerebral 
cortex and other regions of the rat CNS labelling was 
again confined to nerve terminals, and the proportion. 
of labelled terminals varied from 13% in cerebellum to 
42% in hippocampus homogenates. 

When the surface of the cerebral cortex was exposed 
to 3H-GABA in vivo, l ight microscope autoradiography 
revealed intense labelling of the superficial neuropil, and 
also heavy labelling of a small number of neurone cell 
bodies in the superficial cell layers of the tissue. I t  is 
suggested tha t  the autoradiographic technique offers a 
unique opportuni ty for identifying the cellular elements 
in the mammalian brain which contain and take up 
GABA. The results obtained so far suggest tha t  such 
sites are restricted to a specific population of nerve cells 
and their  terminals, and suggest tha t  GABA may be 
involved as a t ransmit ter  at  a high proportion of all 
synapses in the mammalian CNS. 

S y n a p t i c  O r g a n i z a t i o n  of  an  
I n v e r t e b r a t e  G a n g l i o n  
Eric R. Kandel 
Departments o/ Physiology and Psychiatry, 
N. Y. U. School o/Medicine and The Public Health 
Research Institute o/the City of New York, 
455 First Avenue, New York (N. Y. 10016, USA) 

Electroanatomical  techniques can be used in inver- 
tebrates to study synaptic interconnections on a cell to 
cell basis. These cellular mapping techniques have now 
been used in two ways: 1. to examine tile principles tha t  
determine the functional expression of the interconnec- 

tion between neurons and 2. to relate neuronal and 
synaptie properties to behavior and its modification. 
Based upon studies in Aplysia, examples of each of these 
two approaches will be considered. 

T h e  Ef fec t s  on  I n h i b i t i o n  of  A O A A  E v o k e d  
I n c r e a s e  in  the  Cort i ca l  G A B A  Leve l  
J. S. Kelly, L. P. Renaud and Z, Gottesfeld 
Department o,/A naesthesia Research, 
Mc Intyre Building, McGill University, 
P.O. Box 6070, Montreal 101 (Canada) 

The role of v-aminobutyric acid (GABA) as the inhibi- 
tory  t ransmit ter  in the cerebral cortex is based on the 
demonstration that  1. GABA is present, 2. the permeabil i ty 
change caused by iontophoretic applications of GABA 
to the postsynaptic membrane is indistinguishable from 
that  caused by the endogenous transmitter,  3. GABA is 
released from the cortex during repeti t ive surface stimula- 
tion. The collection of GABA from the surface of the 
cortex is facilitated by pretreatment  of the animals with 
amino-oxyacetic acid (AOAA) to inhibit  GABA-~-keto- 
glutaric transaminase. Inhibit ion of the enzyme how- 
ever is associated with a 4- to 5-fold rise in the brain 
GABA level. After the intraperitoneal injection of AOAA 
(20-40 mg/kg), in cats anaesthetized with sodium pento- 
barbitone, the frequency of the glutamate evoked back- 
ground discharge of single Cortical neurones can only be 
maintained at  the pre t reatment  level (60 rain control 
period) by increasing the release of glutamie acid several 
fold. The inhibitory response to single shocks applied to 
either the surface of the cortex or the pyramidal  tract,  
determined from poststimulus latency histograms, is 
increased. When the AOAA dosage was 20 mg/kg, recovery 
occurred within approximately 2 h at  a t ime when the 
GABA level was still elevated in control experiments. 
The increase in duration of the synaptically mediated 
inhibition may  be due to an embarrassment of the GABA 
inactivation mechanisms, since the inhibitory response 
to iontophoretic GABA applied as 10-30 msec pulses is 
also potentiated. The results would support the view 
that  GABA collected from the surface of the cortex has 
a synaptic origin. 

Supported by the Canadian MRC, 

T h e  Effec t  o f  S t r y c h n i n e  on  A c e t y l c h o l i n e  
and  D o p a m i n e  R e c e p t o r s  in  A p l y s i a  N e u r o n s  
M. R. Klee and D. S. Faber 
M a y  Planck-Institut /~r Hirn[orschung, 
Neurobiologische Abteilung, Deutschordenstrasse 46, 
D-6 Frank/urt a.3I. (Germany), 
and Neurosensory Laboratory, 
S U N Y A B ,  Buffalo (N. Y., USA) 

In neurons in the visceral ganglion of Aplysia, the  
addition of strychnine (STRY) in concentrations of 10 -s 
to t0 -3M to the bathing medium results in a reduction 
and/or blockage of most cholinergic and noncholinergic 
PSPs as well as direct depressive effects on the neuron 
soma and axon. In order to determine whether the effect 
on PSPs is due to a pre- or postsynaptic action, we 
investigated the effects of STRY on depolarizing (D-) 
and hyperpolarizing (H-) responses to acetylcholine (ACh) 
and dopamine (DOP) of identifiable neurons. 

Sodium-dependent ACh-D-responses were reduced by 
a curare-like competi t ive antagonism, as revealed by a 
parallel shift to the right of the dose-response-curves 
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(DRCs) of about  1 log uni t  per 10-fold increase in STRY 
concentration. Similar shifts in the DRCs were found 
for DOP-D-responses, which were most easily blocked 
by  STRY, for most chloride-dependent ACh-H-responses, 
and for DOP-H-responses. The lat ter  were the least 
reduced, correlating with the minimal  effect of STRY 
on ILDs. Therefore, STRY appears to react directly 
with at  least four different receptors. The exception to 
the antagonistic action of STRY was the late component 
of the ACh-H-response of cells of the L2-L6 group which 
was increased. In  these cells STRY also enhanced the 
late cholinergic IPSPs  produced by  intracellular stimula- 
t ion of interneuron L10 and slightly reduced the early 
cholinergic IPSPs. These ugonistic effects of STRY were 
enhanced by increasing calcium concentration, were 
mimicked by hexamethonium, and were probably not  
due to an anticholinesterase action since they occurred 
with carbachol responses also and showed complex inter- 
actions with eserine. 

F r e q u e n c y  C h a r a c t e r i s t i c s  of  the  E x c i t a t o r y  
and  I n h i b i t o r y  S y n a p t i c  A c t i o n  of P r o p r i o s p i n a l  
N e u r o n e s  
P. G. Kostyuk 
Institute o[ Physiology, Ukrainian Academy o/ 
Sciences, Kiev (USSR) 

An exact comparison of the act ivi ty  characteristics of 
central excitatory and inhibi tory synapses is usually 
difficult because we cannot directly stimulate the cor- 
responding neurones. But  there is a structure in the spinal 
cord which allows such direct st imulation and the re- 
cording of the postsynaptic potentials produced by it. 
This structure is formed by axons of the propriospinal 
neurones in the dorsolateral funicle which can be stimu- 
lated separately from the long fibers in the funicle when 
they are degenerated. Degeneration was caused by preli- 
minary  ipsilateral hemisections of the spinal cord 10-14 
days before the main experiment. 

A direct st imulation of the dorsolateral funicle in such 
conditions produces via excitation of propriospinal axons 
monosynaptic EPSPs  predominant ly in flexor moto- 
neurones and monosynaptic I P S P  - in extensor moto- 
neurones of lumbar  segments. Both monosynaptic influ- 
ences extend over 5 segments; they can be followed by  
more complicated polysynaptic effects. Both the excita- 
tory and inhibi tory propriospinal monosynaptic actions 
are effectively potentiated even during low-frequency 
rhythmic st imulation (10--20 stim./sec) showing identical 
frequency-dependance bu t  completely different from 
tha t  of pr imary afferent monosynaptic  E P S P  and 
propriospinal polysynaptic PSP  in the same moto- 
neurones. 

A conclusion is made that  the inhibi tory synaptic 
action in the spinal cord can be mediated not only through 
specialized short-axon inhibi tory neurones, but  also 
through neurones with relatively long axons which are 
probably similar to excitatory neurones except the kind 
of t ransmit ter  liberated. 

C o r r e l a t i o n  b e t w e e n  N e r v e  T e r m i n a l  S i z e  and 
T r a n s m i t t e r  R e l e a s e  
M. Kuno 
Department of Physiology, University o] Utah 
Medical Center, Salt Lake City ( Utah 84112, USA) 

Attempts were made to determine whether the number  
of quanta  (packets) of t ransmit ter  released by  a nerve 

impulse is related to the size of the presynaptic terminal  
at  neuromuscular junctions and at  central synapses. 
End-plate  potentials were recorded intracellularly at the 
frog neuromuscular junction. The muscle was sub- 
sequently subjected to 'cholinesterase staining' ,  and the 
area of the individual  end-plates studied with intra-  
cellular electrodes was measured. I t  was assumed tha t  
the area of end-plates so stained is proportional to the 
size of the motor nerve terminals. The mean number  of 
quanta  released by a nerve impulse (mean quan tum 
content) was found to be positively correlated with the 
size of motor nerve terminals. There was also a positive 
correlation between terminal  size and the frequency of 
spontaneous miniature end-plate potentials. The analysis 
was extended to synapses in the spinal cord of the cat. 
Monosynaptic EPSPs  were recorded intracellularly from 
motoneurons and dorsal spinocerebellar tract  (DSCT) 
neurons following st imulation of single afferent fibers. 
The mean quan tum content  measured was about six 
times greater in DSCT neurons than in motoneurons. 
Electron-microscopic studies showed tha t  presynaptic 
terminMs on motoneurons are less than  4 txm in diameter, 
whereas a substant ial  number  of terminals on DSCT 
neurons are larger than 5 t~m, ranging up to 15 ~tm. I t  
is suggested that  the number  of quanta  of t ransmit ter  
released by a nerve impulse depends on the size of the 
presynaptic terminal. 

S t u d i e s  on  the  Ion ic  C o n d i t i o n s  of 
H y p e r p o l a r i z i n g  P o s t s y n a p t i c  I n h i b i t i o n  
H. D. Lax 
Max-Planck-Institut [i~r Psychiatric, 
Kraepelinstrasse 2, D-8 Mfinchen (Germany) 

Reversal potentials (EIFsP) of inhibi tory postsynaptic 
potentials in cat spinal motoneurons shift towards resting 
membrane potentials (EM) after systemic and extra- 
cellular electrophoretic application of NH,+-ions in an 
estimated concentration range of 1 to 3 mM/kg. The 
slow time course of the action of NH,  + suggests an 
indirect, not diffusion controlled mechanismL Passive 
membrane properties remain essentially unaltered. During 
the action of NH~ + on the IPSP, the depolarizing effect 
of intracellularly injected C1- on ElrsP is considerably 
enhanced and the recovery t ime course of En-sP after 
Cl--injections about  twofold prolonged. The changes in 
the kinetics of C1- extrusion across the motoneuronal  
membrane (as determined by the recovery of the IPSP)  
closely parallel the changes which NH4+ produces on 
EiPsP. The findings are corroborated by observations 
made on the inhibitory responses of crayfish stretch 
receptor cells *. EiPsr-E~t, which is strictly negative a t  
normal E~ (Cl--free electrodes), is reduced by  about  
a/, when 5 m M  (2,5%) Na+ is replaced by  NH4+. The 
limit of the depolarizing movement  of En, s~ was again 
found to be E~. With and without  externally added 
NH4+, EI~I, and E~ follow different t ime courses if 
external [K+ l is altered. These results further indicate 
tha t  Ex•sP depends of an electrochemical gradient which 
is not  directly related to the K + gradient. In  both 
preparations, the results with external NH4+ suggest a 
block of an active chloride extrusion mechanism which 
normally provides the ionic gradient for hyperpotarizing 
synaptic inhibit ion.  

1 H. D. Lux, C. LORACHER and E. NEHER, Expl Brain Res. 71, 
431 (1970). 
H. MEYER and H. D. Lux, in preparation. 
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F u r t h e r  E v i d e n c e  for a n  E x i s t e n c e  of  S e p a r a t e  
and  I n d e p e n d e n t  S o d i u m  and  P o t a s s i u m  
C h a n n e l s  in  the  E n d - P l a t e  M e m b r a n e  
T. Maeno 
Department o/ Physiology, Faculty o/Nledicine, 
Kagoshima University, Kagoshima 892 (Japan) 

To inves t iga te  whe the r  the  t r a n s m i t t e r  induced  con- 
duc tance  change in t he  subsynap t ic  m e m b r a n e  consists 
of separa te  and  independen t  sodium and  po tass ium 
channels  (AG~a and AGK), the  effects on the  E P P  of 
l idocaine der iva t ive ,  2 -Die thy lamino-N-cyc lohexyl -ace t -  
amide  (10666), were s tudied  and compared  wi th  those 
of procaine.  10666 (10-4w/v)  depressed the  a m p l i t u d e  
of E P P s ,  and accelera ted  the  in i t ia l  ra te  of decay  of the  
E P P s .  The  deve lopmen t  of the  secondary  long- las t ing  
p la t eau  was no t  so m a r k e d  as w i th  procaine.  As a result ,  
a charac te r i s t i c  h u m p  neve r  appeared  in t he  E P P s  
recorded in 10666. However ,  the  EPCs  ob ta ined  a t  the  
normal  levels of t he  rest ing po ten t ia l  were ahnos t  indis- 
t inguishable  from the  corresponding EPCs  recorded in 
10 -4 procaine.  Thus,  in cases of proca ine  and 10666, the  
same EPCs  genera ted  E P P s  of di f ferent  w a v e  form. No 
s ignif icant  differences were  no ted  in t he  m e m b r a n e  
cons tan ts  of  muscle f iber  be tween  two  cases. Since d rug  
effects on AG~a can be represented  a p p r o x i m a t e l y  as 
those on the  EPCs  recorded a t  the  rest ing potent ia l ,  
and in cases of procaine and 10666 the  effects are identical ,  
the  present  results  should be expla ined by  a di f ferent  
drug ac t ion  on AGK. In  fact, the  t i m e  course of the  
EPCs  recorded a t  the  sodium equi l ib r ium potent ia l ,  
which reflects  t h a t  of AGm was found to  a l ter  d i f ferdnt ly  
wi th  t he  two  drugs;  i t  d id  no t  prolong in procaine  whereas  
a longolasting slow phase appeared  in 10666. 

R e l e a s e  of  N e u r o t r a n s m i t t e r s  and  A m i n o  A c i d s  
f r o m  I so la ted  Gerebra l  T i s s u e s  
H. 2t¢c ltwain 
Institute o/ Psychiatry, Depart.me~t o/ Biochemistry, 
De Crespigny Park, Denmark Hill, 
London S.E.5 (England) 

Isola ted  neocort ical  or  p i r i form cort ical  t issues from 
guinea-pigs  and rats  were incuba ted  in a superfusion 
sys tem ~ in which t h e y  could be  electr ical ly  s t imula ted .  
U p t a k e  and effiux of several  compounds  h a v e  been 
examined ,  toge the r  w i th  some associated changes  in the  
t issues themselves .  ~4C-adenine and -adenosine mixed  
wi th  pa r t  of the  endogenous adenine  nucleot ides  of tbe  
tissue and yielded ~4C-adenosine t r iphospha te ;  on s t imula-  
t ion,  adenosine was released and con t r ibu ted  to augmen ted  
format ion  of cyclic adenosine monophospha te  2-L Act ions 
of noradrenal ine  and  of inh ib i to ry  agents  on these  pro- 
cesses will  be descr ibed;  noradrena l ine  and serotonin were 
released concomi tan t ly .  

The  tissues are  capable  of ma in ta in ing  concent ra t ions  
of free amino  acids close to  those of the  bra in  in situ, 
measured  as to t a l  ~-amino ni t rogen.  Never the less  t h e y  
have  a considerable  ou tpu t  of amino  acids ~ such t h a t  
the  q u a n t i t y  of free amino  acid in t issue plus superfusing 
fluid increases 3- to 6-fold dur ing 1-2 h incuba t ion  in the  
ease of gtycine, val ine,  leucine, isolencine and tyrosine.  
The  to t a l  o u t p u t  of amino  acids was increased by  elec- 
tr ical  s t imula t ion ;  a f te r  pr ior  up take  of i sotopical ly  
labelled va l ine  and leucine, ou tpu t  of these compounds  
also was increased by  s t imula t ion .  

Ex t race l lu la r  fluids thus  receive f rom tissues of the  
brain,  m a n y  compounds  which are general  metabol i tes  

in add i t ion  to those  wi th  specific roles in t ransmiss ion.  
This  m a y  be re la ted  to  t roph ic  effects exer ted  post-  
synapt ica l ly ,  and also to the economy of neurons wi th  
e longated  axons or  dendri tes,  in which  centr i fugal  move -  
m e n t  of mater ia l s  p repondera tes  over  cen t r ipe ta l :  the  
c o u n t e r - m o v e m e n t  being by  metabo l i t es  ext racel lu lar ly .  

x H. MclLwAIN and S. H. SNYDEI~, J. Neurochem. 17, 521 (1970). 
2 S. t{AKIUClII, T. W. RALL and H. MCILWAIN, J. Neurochem. I6, 

485 (1969): 
a A. SATTI~ and T. W. RALL, Mo|ec. Pharmac. 6, 13 (1970). 
4 H. SHI~tlZU and J. DALY, Biochim. biophys. Acta 222, 465 (1970). 
5 I. PULL and H. MCILWAIN, unpublished (1971). 
6 D. A. JONES and H. MclLwAIN, J. Neurochem. 18, 41 (1971) 

and unpublished. 

T h e  A n t a g o n i s m  of  G l u t a m a t e  A c t i o n  
at  C e n t r a l  N e u r o n e s  
H. McLennan, K. C. Marshall and R. D. Hu//man 
Department o/ Physiology, University o/ 
British Columbia, Vancouver 8 (B.C., Canada) 

The act ions of g lu tamic  acid and a n u m b e r  of i ts  
analogues and de r iva t ives  as exc i tan ts  of spinal  neurones  
were first  described some years  ago, and  subs tan t ia l ly  
s imilar  results  have  since been ob ta ined  at  several  o the r  
locations in t he  cen t ra l  nervous  system. To da te  only 
N-methy laspa r t i c  acid has been suggested as an an tago-  
nis t  of g l u t a m a t e  ac t ion;  howeve r  th is  compound  is 
i tself powerfu l ly  exc i ta tory ,  and  it  appears  t h a t  b lockade 
of the  effect of g l u t a m a t e  could be  produced  only  when 
suff icient  me thy l a spa r t a t e  had  p rev ious ly  been adminis -  
t e red  to cause a depo la r i za t ion  block of t i le neurone.  

In  the  present  exper iments  g lu t ama te  der iva t ives  
which themselves  have  l i t t le  or no exc i t a to ry  ac t ion  have  
been examined  as possible an tagonis t s  of t he  exc i ta t ions  
produced by  g lu tamate ,  homocys t ea t e  or  ace ty lchol ine  
a t  single neurones  of nuclei  ven t ra l i s  la teral is  and yen-  
t ral is  pos terola tera l i s  t ha l ami  of anaes the t ized  cats. The  
substances  were de l ivered  e tec t rophore t ica l ly  ~rom mul t i -  
barre l led mic rop ipe t t e s  and records m a d e  of the  ex t ra -  
cel lular  act ion potent ia l s  of the  cells. Several  compounds  
were inac t ive ;  however  two (DL-a-methylg lu tamate  and 
the  d ie thy l  ester of L-glutamate)  revers ib ly  p reven ted  
the  exc i t a to ry  effect of g lu t ama te  appl ied  f rom ano the r  
barre l  of the  e lect rode assembly  at  more  t h a n  half  of the  
cells tes ted.  A t  t he  doses used t h e  compounds  were 
w i t h o u t  effect  upon the  background  f i r ing ra te  of the  
ceils, and  the  responses to homocys tea te  and acetyl-  
chol ine were usual ly  e i ther  less a t t enua t ed  or  comple te ly  
unaffected.  The  synap t ic  ac t iva t ion  of neurones in 
nuc l eus  ven t ra l i s  posterolateral is  elicited by  s t imula t ion  
of per ipheral  nerves  was also an tagonized  by  these 
substances.  

The support of t.he Medical Research Council of Canada is grate- 
fully acknowledged. 

T h e  R e l e a s e  of  14C-Glycine f r o m  E l e c t r i c a l l y  
S t i m u l a t e d  Rat  S p i n a l  Cord S l i c e s  
~'~1. J. Neal 
Department o[ Pharmacology, The School of Pharmacy, 
University o/London, 29/39 Brunswick Square, 
London W.C. IN IA X (England) 

There is now m u c h  evidence t h a t  glycine and y-amino-  
bu tyr ic  acid (GABA) are inh ib i to ry  t ransmi t t e r s  in the  
centra l  nervous  sys temL2 bu t  i t  has p roved  diff icult  
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to demons t r a t e  d langes  in the  release of these amino  
acids f rom the  bra in  af ter  nerve  s t imula t ion .  This  dif- 
f icul ty  m a y  be due to the  efficient  up take  mechan isms  
for glycine and G A B A  which are  present  in the  spinal  
cord and bra in  a-5. In  recent  studies, electr ical  s t imula t ion  
of cort ical  slices and the  cerebral  cor tex  in v ivo  has 
been shown to increase the  release of G A B A  from the  
cortex6, 7, b u t  the  release of amino  acids f rom the  spinal  
cord has no t  ye t  been demons t ra ted .  In  the  present  
exper iments ,  the  release of ~4C-glycine, aH-GABA, x4C- 
g l u t a m a t e  and 3H-alanine f rom superfused slices of 
spinal  cord has been s tudied using a me thod  s imi lar  to 
t h a t  described by  SRINIVASAN et  a l ) .  

Af te r  the  first  10 min  of superfusion there  was a 
s t e a d y  spontaneous  eff lux of xaC-glycine f rom the  slices 
of spinal  cord. S t imula t ion  of the  t issue by  rec tangula r  
pulses (60 Hz, 20 mA, 5 m]sec) for 30 sec caused as ignifi- 
can t  increase in the  eff lux of rad ioac t iv i ty ,  the  m a x i m u m  
increase being 2.3 t imes  the  res t ing efflux (mean of 8 
exper iments) .  S imi lar  results  were ob ta ined  with  aH- 
G A B A  and 14C-glutamate, the  m a x i m u m  evoked  releases 
being abou t  2 and 3 t imes  the  p res t imula t ion  va lue  
respect ively .  However ,  the  increased efflux of glycine 
was not  a nonspecif ic  effect on the  cell membrane ,  as 
electrical  s t imula t ion  d id  not  cause an increased release 
of 3H-a]anine or  14C-urea f rom cord slices. 

This  work  was suppor ted  by  thc  MRC. I am  gra teful  
to t he  S K F  F o u n d a t i o n  for a g ran t  for appara tus .  

x R. WERMAN and M. H. APRISON, in: Structure and Functions of 
Inhibitory Neuronal Mechanisms (Pergamon Press, Oxford and 
New York 1968). 

± K. KRNJEVI~, Nature, Lond. 228, 119 (1.970). 
a M.J .  NEAL and H. G. PICKLES, Nature, Lond. 223, 679 (1969). 
4 L.L. IVERSE~ and M. J. NEAL, J. Neurochem. 15, 1141 (1968). 
5 M.J .  NEAL, J. Physiol., Lond., in press (1971). 
6 V. SRINIVASAN, ]~[. J. NEAL and J. F. ~IITCHELL, J. Neurochem. 

16, 1235 (1969). 
7 L .L .  IVERSEN, J. F. MITCHELL, M. J. NEAL and V. SRINIVASAN', 

Br. J. Pharmac. 38, 452 (1970). 

U l t r a s t r u c t u r e  of T r a n s m i t t e r  Re l ea s e  
K. P]enninger, K. A kerr, C. Sandri and H. Moor 
Institute o/ Brain Research, University o/Zi~rich, 
CH-8000 Zi~rich (Switzerland), and 
~nstitute o/General Botany, Laboratory o/ 
Electronmicroscopy, Federal Institute o/ 
Technology, CH-8000 ZSrich (Switzerland) 

The presynap t ic  m e m b r a n e  complex  consist ing of 
t r iagonal ly  a r ranged  dense project ions  and the  hexagona l  
' p resynap t ic  vesicular  gr id '  raises the  ques t ion  of addi-  
t ional  subs t ruc tures  fac i l i ta t ing  t r ansmi t t e r  release. In  
freeze-etched neuropi l  of the  m a m m a l i a n  centra l  nervous  
system, one finds m e m b r a n e  faces belonging to vesicle- 
conta in ing  nerve  te rmina ls  which have  resisted f ractur ing 
and cont inue  to adhere  to under ly ing  nerve  cell processes. 
There  are reasons to bel ieve t h a t  these m e m b r a n e  areas 
are presynapt ic .  They  are character ized by  a high 
dens i ty  of m e m b r a n e  part icles  and show a va ry ing  
number  of c ircular  prot rus ions  (as seen f rom the  inside 
of the  nerve  terminal)  which appear  as small  p i ts  f rom 
the  outs ide of the  t e rmina l  bag. The  prot rus ions  m a y  
bear  an  opening on top  so t h a t  t h e y  are comparab le  to 
endo /exocy to t i c  s t oma ta  in nonsynap t i c  membranes .  
However ,  in con t ras t  to the  l a t t e r  (which measure  350 
in d iameter)  the  p resynap t i c  protuberances  have  an outer  
d i amete r  of only  abou t  200 ~ a t  the i r  base. These s truc-  
tures are des ignated  ' synaptopores ' .  P a t t e r n  analysis  

reveals  t h a t  t h e y  occupy  a va ry ing  p ropor t ion  of nodal  
points  of a hexagona l  pa t t e rn  corresponding to  the  
geome t ry  of the  ' p resynap t i c  vesicular  grid ' .  Synap to -  
pores seem to represent  a synapse-specific,  reversible  
form of close con tac t  be tween  vesicles and p resynap t i c  
m e m b r a n e  which m a y  faci l i ta te  the  release of t r ansmi t t e r  
from the  vesicles in to  t he  synap t i c  cleft. Increas ing doses 
of pen toba rb i t a l  or  p r e t r e a t m e n t  wi th  t e tanus  tox in  
reduce the  n u m b e r  of p ro tuberances  per  square  un i t  of 
p resynap t ic  membrane .  Thus,  the  synaptopores  m a y  
represent  an  index  of synap t ic  ac t iv i ty .  

A c e t y l c h o l i n e  and Centra l  S y n a p t i c  
T r a n s m i s s i o n  
]. W. Phillis 
Department o/ Physiology, University o[ Manitoba, 
Medical School, 770 Bannatyne Avenue, 
Winnipeg 3 (Manitoba, Canada) 

Although  i t  has long been  hypothes ized  t h a t  acetyl-  
choline (ACh) could be a cent ra l  synapt ic  t r ansmi t t e r ,  
clear evidence in suppor t  of this  proposal  has only  recent ly  
bccomc avai lable .  The  d i scovery  of in te rneurons  (Ren- 
shaw cells) w i th in  the  spinal  cord which were exci ted 
by  ACh released f rom presynap t i c  t e rmina ls  of the  recur- 
rent  collaterals  of moto r  fibres was a s t r ik ing conf i rma-  
t ion bo th  of the  exis tence of centra l  chol inergic  mecha-  
nisms and of t he  predic t ion  t h a t  an axon should release 
the  same t r a n s m i t t e r  a t  all  of i ts terminals .  Studies  on 
the  d i s t r ibu t ion  of ACh and its re la ted  enzymes,  which 
suppor t  the  concept  t h a t  cholinergic synapses are wide ly  
d is t r ibu ted  t h roughou t  the  cent ra l  nervous  system, have  
now been ex tended  by  exper iments  on ACh release and 
on the  effects of ion tophore t i ca l ly  appl ied ACh and its 
antagonists .  Release,  which can be corre la ted wi th  s t imu-  
la t ion of neurona l  pa thways ,  has been demons t r a t ed  
f rom the  cerebral  and cerebel lar  cortices,  the  tha lamus ,  
caudate  nucleus and  spinal  cord. E x c i t a n t  act ions of 
ACh have  been demons t r a t ed  on neurones  in m a n y  areas 
of the  bra in  and in cer ta in  instances,  such as in the  
cerebellum, tha lamus ,  geniculate  and cauda te  nuclei,  
this  effect has been re la ted  to  the  presence of cholinergic 
synap t ic  receptors.  Two exc i t a to ry  receptors,  one wi th  
nicot inic  and the  o the r  w i th  muscar inic  propert ies ,  have  
been repor ted  on the  Renshaw ceil. Muscarinie receptors  
on cor t ica l  Be tz  cells appear  to media te  the i r  ac t ion  by  
reducing m e m b r a n e  po tass ium conductance .  Depressant  
act ions of ACh have  also been recorded in var ious  areas 
of t he  b ra in  and spinal  cord. In  the  cerebral  cor tex  and 
cauda te  nucleus this  ac t ion  is a p p a r e n t l y  media ted  
th rough  synap t ic  receptors.  

M e c h a n i s m s  of S t o r a g e  of C a t e c h o l a m i n e s  
in  S u b c e l l u l a r  O r g a n e l l e s  
.4. Pletscher, K. Berneis and M. Da Prada 
Research Department F. Ho]/mann-La Roche 6. Co. AG, 
CH-dO02 Basel (Switzerland) 

Catecholamines  and nucleotides,  e.g. A T P  form aggre-  
gates  of h igh  appa ren t  average  molecular  we igh t  in 
aqueous  solut ions as demons t ra ted  by  ana ly t i ca l  u l t ra -  
cent r i fugat ion .  The  aggregat ion increases wi th  r is ing 
concen t ra t ion  of the  solutes and wi th  decreas ing t em-  
perature .  B iva len t  cations (Ca, Mg) in low concent ra t ions  
p romo te  this  aggregat ion,  whereas  high amoun t s  of these 
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metal ions as well as amine liberating drugs (tyramine, 
amphetamine) cause desaggregation.Gelatine, the physico- 
chemical properties of which are similar to those of the 
chromogranins, seems to associate with the norepine- 
phrine-ATP-Ca aggregates, whereas the globular protein 
albumine does not  interact with these aggregates. 

The water-soluble constituents of isolated bovine 
adrenal medullary granules contain aggregates of high 
apparent  average molecular weights the size of which 
increases with decreasing temperature. According to 
sedimentation velocity experiments followed by indi- 
vidual aflalysis of the low molecular weight compounds, 
these aggregates consist mainly  of adrenaline, nor- 
adrenaline and ATP. 

I t  is concluded tha t  in adrenal chromaffin granules 
the catecholamines are stored in the form of high molec- 
ular weight aggregates with nucleotides and that  the 
chromogranins may serve as a matr ix  to which these 
aggregates are reversibly bound. 

Inhibitory Synapt ic  Act iv i t ies  
of T h a l a m i c  Neurons  
Dominich P. Purpura 
Rose P. Kennedy Center/or Research in Mental 
Retardation, 1410 Pelham .Parkway South, 
Bronx (N. Y. 10461, USA) 

Inhibi tory synaptic pathways in the thalamus exhibit 
marked heterogeneity as inferred from the characteristics 
of intracellularly recorded IPSPs elicited by different 
modes of st imulation of different thalamic neuronal sub- 
systems. Prolonged synchronizing-IPSPs observed during 
spontaneous and induced electrocortical synchronization 
are entirely at t r ibutable  to a postsynaptic conductance- 
increase mechanism as indicated by  continuous monitor- 
ing of postsynaptic membrane resistance. Similar IPSPs  
are elicited in medial nonspecific neurons during low- 
frequency VA-VL stimulation. Thus reciprocally related 
internuclear synaptic pathways l ink specific and non- 
specific thalamic nuclei albeit asymmetry is evident in 
respect to I P S P  latency. Comparison of the mode of 
engagement of thalamic VL relay cells and interneurons 
by  brachium conjunct ivum (BC), ansa lenticularis (AL) 
and medial thalamus st imulation (MTh) indicates signifi- 
cant  convergence of AL projections to inhibi tory synaptic 
pathwa~s involved in MTh-induced evoked synchroniza- 
tions. AL and BC afferents exhibit  monosynaptic excit- 
atory convergence onto VL-relay neurons bu t  only BC- 
st imulation elicits succeeding IPSPs  in these elements. 
Such IPSPs are not  likely to result from the operation 
of recurrent pathways in view of this dissociation of the 
effects of convergent monosynaptic pathways to VL cells. 

Thalamocortical radiation stimulation evokes variable 
latency IPSPs in VL relay cells exhibiting antidromic 
spikes. Only early (40-50 msec) phases of such IPSPs  
produce variable blockade of antidromic spikes. During 
later phases of IPSPs  such spikes develop prolonged 
depolarizing after-potentials some of which are associated 
with inact ivat ion responses. 

Several varieties of IPSPs  are observed in lateral 
geniculate neurons. In  addition to the usual smoothly 
summating prolonged IPSPs  seen in other thalamic 
neurons in rare instances LGB neurons may exhibit  
spontaneous brief IPSPs  which interrupt  the rising 
phase of small, rapid depolarizing potentials. These are 
not  elicited by photic st imulation which generally ini- 
tiates prolonged IPSPs  and suppresses the spontaneous 

brief 'biphasic' PSPs. The latter may represent the 
act ivi ty of reciprocally related dendrodendritic synapses, 
although other mechanisms are not  excluded. 

Evidence for the Exis tence  of Different Types  
of Receptor  for Glycine 
R. W. Ryall 
Neurophysiology Research Laboratory, 
Monte/lore Hospital and Medical Center, 
New York (N.Y.10467, USA) 

Strychnine blocks motoneurone inhibi t ion induced 
either recurrently by  Renshaw cells or by glycine, 
indicating that  glycine mediates recurrent inhibit ion 
(CURTIS 1969). Renshaw cells also mutual ly  inhibi t  
each other by a postsynaptic mechanism (RYALL 1970) 
and Dale's hypothesis predicts that the transmitter is 
also glycine. Glycine inhibited Renshaw cells and was 
readily antagonized by strychnine. However, the mutual  
inhibit ion was surprisingly resistant to strychnine admin- 
istered either microelectrophoretically or intravenously. 
Occasional nonspecific effects were produced bu t  only 
when the strychnine ejecting current  was much greater 
than tha t  required to abolish the inhibi t ion by  glycine. 
Bicuculline or picrotoxin intravenously or bicuculline 
microelectrophoretically did not  specifically antagonize 
the mutual  inhibition. 

One explanation of strychnine-resistant mutual  inhibi- 
tion could be that  lZenshaw cells liberate different trans- 
mitters at different terminals. Since there is no positive 
evidence in favour of this hypothesis, it is rejected. There 
is evidence against the possibilities tha t  a) the inhibitory 
synapses are located remotely from the soma of the 
Renshaw cells and b) strychnine is acting presynapticatly 
a t  some terminals only. A last possibility, which is 
analogous to the demonstrated presence of two types 
of acetylcholine receptor on Renshaw cells, is tha t  there 
are also both strychnine-resistant and strychnine-sensi- 
tive glycine receptors on Renshaw cells. Strychnine- 
resistant receptors may also be present on other central 
neurones where they may account for some strychnine- 
resistant postsynaptic inhibitions. 

The author is indebted to his colleagues C. POLOSA, M. PIERCEV 
and J. GOLDFARB for their participation in this work which was 
supported by grants No. R01-NB 08126 from the National Institute 
of Neurological Diseases and Stroke and No. 688-A-1 from the 
National Multiple Sclerosis Society. 

Exci tatory  Synaptic  T r a n s m i s s i o n  in the Cat's 
Superior  Cervical  Gangl ion in s i tu 
,4. Sato and R. F. Schmidt 
II .  _Physiologisches Institut der Universitiit Heidelberg, 
I)-69 Heidelberg (Germany), and Physiologisches Institut 
der Universitiit Kid,  D-23 K id  (Germany) 

The transmission of preganglionic reflex discharges 
through the superior cervical ganglion (SCG) was studied 
in cats anaesthetized with chloratose. The preganglionic 
reflexes were induced by afferent volleys in cutaneous 
and muscle nerves. The characteristics of the post- 
ganglionic reflexes resembled in every respect those of 
the preganglionic sympathetic nerve trunk1, *. For in- 
stance, both kinds of discharges displayed the separation 
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in four components;  both were elicited by act ivi ty  in the 
same types of myelinated afferent fibres; both showed 
considerable variations in ampli tude and latency and 
were augmented by tetanic stimuli. I t  is concluded tha t  
the preganglionic reflex components are t ransmit ted 
through the SCG with a proportional input /output  rela- 
tionship. A similar relationship has been found for the 
transmission of pregangtionic volleys set up by direct 
stimulation of the preganglionic cervical sympathet ic  
t runk z-5. A comparison of these results with the present 
experiments reveals a striking similarity between the 
discharges set up by somatic nerve st imulation and those 
elicited by direct st imulation of the CST. From this 
evidence and the results of single fibre studies ~ it  is 
postulated tha t  st imulation of peripheral nerves evoked 
act ivi ty  in all fibre types present in the preganglionic 
trunk, and tha t  this act ivi ty  was t ransmit ted through 
the SCG in much the same fashion as the preganglionic 
volleys induced by direct electrical stimulation of the 
CST. Thus it  appears tha t  little modification of somati- 
cally induced sympathet ic  reflex discharges takes place 
at the sympathetic  ganglia which, under these conditions 
appear to act solely as relay stations in the efferent 
pathway. 

1 R.F. SCHMIDT and K. SCH•NFUSS, Pflfigers Arch. ges. Physiol. 
314, 175 {1970). 
A. SATO and R. F. Scamp% Pfliigers Arch. ges. Physiol., ia 
press (1971). 
G. H. BISHOP and P. I-IEINBECKER, Am. J. Physiol. /00, 519 
(1932). 

4 J.C. ECCLES, J. Physiol., Lond. 85, 179 (1935). 
5 A. ROSENBLUETH and F. A. SXMEO~I~, Am. J. Physiol. 122, 688 

(1938). 
6 W. JXNIG and R. F. ScHmor, Pflfigers Arch. ges. Physiol, 374, 

199 (1970). 

Mechanisms  of Monoamine-Induced 
Depress ion of Cortical Neurones  
D. W. Straughan 
Department o/ Pharmacology, The School o] Pharmacy, 
University o/London 29/39 Brunswick Square, 
London W.C. I N  1_/1 X (England) 

A var ie ty  of amines, including noradrenaline (NA), 
5-HT and histamine, depress the act ivi ty  of cortical 
neurones when applied to them by ioutophoresis. This 
depression might  occur indirectly through the release of 
inhibitory amino acids. Thus the amines might  excite 
inhibitoi  3- intemeurones,  causing GABA release onto the 
neurones under study, as proposed for the noradrenaline- 
induced depressions in the olfactory bulbL However, in 
the cerebral cortex, monoamine-induced depression is 
relat ively resistant to conventional NA and 5-HT antago- 
nists, although these are effective in blocking mono- 
amine-induced excitation 2. Amines might  possibly trigger 
the release of inhibitory amino acids within brain tissue 
in some less specific fashion. However, 5-HT-induced 
depression of cortical neurones was not obviously affected 
by applications of strychnine which clearly prevented 
the depressant effects of glycine on the same cells a and 
experiments are in progress with bicuculline and picro- 
toxin, which are much more effective antagonists of the 
'GABA like' amino acids. The effect of amines on the 
release of inhibitory amino acids from brain slices is 
being studied. Preliminary experiments show tha t  NA 
10-aM has no clear effect on the resting efflux of aH- 
GABA from cortical slices in vi t ro  and studies on the 

effects of monoamines on the evoked release of GABA 
are in process. 

1 D. FELIX and H. McLENNAN, Brain Res. 25, 661 (1971). 
]~. S. JOIINSON, ~l. H. T, ROBERTS, A. SOBIESZEK and D. W. 
STRAUGHAN, Int. J. Neuropharmac. 8, 549 {1959). 

3 ~. S. JOHNSOI~, M. H. T. ROBERTS and D. W. STRAUGHAN, Br. J. 
Pharmac. 38, 659 (1970). 

Heterosynaptic Facilitation 
L. Tauc and T. Shimahara 
Laboratoire de Neurophysiologie cellulaire du CNRS,  
4, av. Gordon Bennett, F -75  Paris 76~ (France) 

Heterosynaptic facilitation was first described by 
KANDEL and TAUC x in Aplysia neurones. I t  was defined 
as an increase in amplitude of a test  excitatory post- 
synaptic potential  (EPSP) after the act ivat ion of a 
pa thway (heterosynaptic pathway) different from tha t  
which produced the test  EPSP.  Later  on EPSTEIN and 
TAuc 2 were able to produce heterosynaptic facilitation 
under conditions which excluded the participation of 
posttetanic potentiation. 

Direct  evidence has now been obtained that  hetero- 
synaptic facilitation and posttetanic potentiat ion re- 
present two distinct phenomena. There are two identified 
.neurones, both situated in the left pleural ganglion; one, 
an interneurone, produces an E P S P  in the other, the 
so-called left giant cell. Recording simultaneously from 
both, we observed that  heterosynaptic facilitation of the 
t~PSP occurred in the absence of spike act ivi ty  in the 
test interneurone. 

The heterosynaptically induced increase of the E P S P  
is specific to given types of input;  other types of post- 
synaptic potentials are not affected 3. 

Iontophoret ic  injections of 5-hydroxytryptamine a t  
critical sites in the neuropile of the ganglion, presumably 
representing the location of the nerve terminals of the 
test  interneurone on the giant  cell produced an increase 
of the test E P S P  similar to tha t  induced by hetero- 
synaptic facilitation. The possible participation of 5-hy- 
droxyt ryptamine  as a natural  t ransmit ter  of hetero- 
synapfic facilitation will be considered. 

1 E. KANnEL and L. TAUC, J. Physiol., Lond. 18t, 28 (1965). 
R. EPSTEIN and L. TAUC, J. Physiol., Lond. 209, 1 (1970) 

3 T. SHII~IAHARA and L. TAUt, J. Physiol., Paris 62, 449 (1970). 

NeuraHy-Mediated Induction of Specific Enzymes  
in Peripheral Adrenergic  Neurons;  a Model  for 
'Trophic Effects' of Neuronal  Activity 
H. Thoenen 
Department o/Experimental  Medicine, 
F.  Ho[[mann-La Roche 6- Co. AG, 
CH-4002 Basel (Switzerland) 

I t  is well-known tha t  the response of one neuron to 
the act ivi ty  of another is not only confined to rapid, 
t ransi tory effects such as changes in ionic-permeability 
of the neuronal membrane or changes in glucose- or 
O2-consumption, but  tha t  i t  can also involve long- 
lasting alterations in structural elements of the neuron. 
These so-called ' t rophic effects' of neuronal act ivi ty  are 
generally both inadequately defined and poorly under- 
stood. 
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Recent experiments have shown tha t  the peripheral 
adrenergic neurons (including the chromaffin cells of the 
adrenal medulla) lend themselves favourably for the 
study of such ' trophic effects'. A prolonged increase in 
the act ivi ty  of the pre-ganglionie sympathetic fibres 
(produced by cold exposure or drugs) induces an increased 
synthesis of tyrosine hydroxylase and dopamine-fl- 
hydrQxylase, whereas other enzymes involved in the 
biosynthesis (dopa-decarboxylase) or metabolic degrada- 
tion (monoaminoxidase) of catecholamines remain un- 
changed. Similar changes occur in specific regions of the 
CNS after prolonged increase in activity.  The possible 
implications of this selective, trans-synaptic induction 
of enzymes is discussed in connection with problems of 
ontogenesis, retention of information in the CNS and the 
development of drug-tolerance not related to induction 
of drug-metabolizing enzymes. 

M e c h a n i s m s  of Synaptic  Exci tat ion 
in S y m p a t h e t i c  Gangl ion Cells  
Forrest F. Weight 
Laboratory o/Neuropharmacology, National Institute 
o/Mental  Health, St. Elizabeths Hospital, 
Washington (D.C. 20032, USA) 

Synaptie excitation results from an increased ion 
conductance of postsynaptic membrane at virtually all 
chemically t ransmit t ing synapses tha t  have been investi- 
gated. During such typical  EPSPs,  membrane resistance 
is decreased. The equilibrium potential  for the increased 
ion conductances involved is in the depolarizing direction 
so that  electrical hyperpolarization of the membrane 
increases the EPSP,  whereas progressive depolarization 
decreases and then reverses the E P S P  to a hyperpolarizing 
potential. Like other EPSPs,  the fast E P S P  in frog 
sympathetic  ganglion cells manifests these properties. 
The postsynaptie ion conductance is increased by the 
act ion of the transmitter,  acetylcholine, on nicotinic 
membrane receptors. 

In addition to the fast EPSP,  repeti t ive preganglionic 
B fiber stimulation generates in B ganglion cells a 
muscarinie slow E P S P  with unique properties. Ila con- 
trast  to the increased conductance associated with other 
known EPSPs,  membrane conductance (measured by a 
constant current pulse) decreased significantly during 
the slow EPSP.  Furthermore,  contrary to the effect of 
electrical membrane polarization on other EPSPs,  de- 
polarizing current increased the size of the slow EPSP,  
while hyperpolarizing current decreased the slow EPSP.  
Further  hyperpolarization reversed the slow E P S P  to 
a hyperpolarizing potential. The reversal potential  of 
the slow E P S P  was close to the K + equilibrium potential. 
This data strongly suggested the slow E P S P  was generated 
by a decrease in K + conductance, but  did not exclude 
the possibility of a decrease in Ct- conductance. How- 
ever, removal  of extracetlutar CI- from the Ringer bath 
had no significant effect on the slow EPSP,  excluding 
the possibility tha t  an inactivation of CI- conductance 
plays a significant role in the generation of the slow 
EPSP.  On the basis of these data, we propose that  the 
slow E P S P  is generated by an inactivation of resting 
K+ conductance. 

The S to i ch iometry  of T r a n s m i t t e r - R e c e p t o r  
Interact ions  
R. Werman, N. Broohes and M. Blank 
Department o/ Zoology and Department o~ Pharmacology, 
The Hebrew University o/Jerusalem, Jerusalem (Israel) 

Analysis of the relation of conductance change as a 
function of drug concentration indicates that  the be- 
havior of steady-state conductance in low concentrations 
provides evidence as to the number of molecules of drug 
that  interact  with a receptor in order to produce tha t  
change. Analysis of effects of higher concentrations can 
then provide details about the specific physieo-chemical 
laws of interactions. The use of repeti t ive current ramps 
in an ohmic range of membrane properties also provides 
kinetic data. 

The analysis was successfully applied to a GABA 
inhibitory synapse in locust muscle where data  showed 
tha t  three molecules of t ransmit ter  interact  with the 
receptor and are blocked by one molecule of an antago- 
nist, picrotoxin. The system can be described by the 
equation : 

y = (G/K~) 8 / [1 + (G/K~) ~ + P/K2] . 
Kinetic data allow determination o! diffusional limita- 

tions on the system, and temperature dependence of 
the system. Dissociation constants, 50% reaction con- 
centrations, free energy and heats of act ivation and 
entropy have been calculated. The values obtained are 
remarkably consistent and appear quite reasonable. 

Changes of Cutaneous Recept ive  Fields and 
Interact ion of Dorsal  Horn Neurones  
Induced by Microelectrophoret ic  Appl icat ion 
of A m i n o  Acids  
W. Zieglgiinsberger, A.  Herz and G. Bernardi 
?dax- Planck-Institut /iir Psychiatric, 
KraepeIinstrasse 2, D-8  M~nchen 23 (Germany) 

By means of microelectrophoretically applied excit- 
atory (glntamic acid/homocysteie acid) and inhibitory 
(glycine/GABA) amino acids the extent  of excitabil i ty 
changes of dorsal horn cells in the spinal cord was 
studied in cats. The size of their  cutaneous receptive 
fields and sensitivity to mechanical stimulation were 
tested. All grades of excitabil i ty changes could be 
observed, e.g. cells previously unexcitable even by heavy 
mechanical stimuli (noxious) responded to hair-movement  
and light touch under small doses of glutamic ac id  (or 
homocysteic acid). Under glycine (or GABA) the opposite 
effect was observed: cells responding to lightest mechan- 
ical st imulation of the skin could be act ivated only by 
heavy pressure onto previously highly sensitive center 
and their cutaneous receptive field shrank concomitantly. 
This method proved to be a valuable tool for studying 
subliminal figures extracellularly. The major i ty  of celia 
giving origin to the spino-cervical-tract showed a par- 
t icular reaction to glutamic acid, whereas the reaction 
upon glycine resp. GABA was regular. These cells started 
firing on a quite normal glutamate dose level but  reduced 
firing at higher doses, while their synaptic excitabili ty 
decreased. From simultaneous recordings obtained with 
twin multibarrelled electrodes it  is very suggestive tha t  
inhibi tory interneurones, act ivated by the spread of 
glutamic acid are responsible for this effect. Intracellular 
recording showed that  this particular type of cell could 
be depolarized by glutamic acid. Data  about possible 
differences between these cells and other neurones of 
this region will be discussed. 


