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1 to 2 h during which time it usually developed
spontaneous activity. In some experiments it was
stimulated orthodromically with a bipolar elec-
trode inserted into the intraventricular muscula-
ture using pulses of 0.5 ms duration and up to 5 V
amplitude at source, delivered from a Grass S8
stimulator.

The Purkinj e fibres were impaled with glass
floating microelectrodes containing 3 M KCI (resis-
tances between 10 and 30 megohms) and the
electrical activity amplified with either a W.P.M. 4
electrometer probe or a Mentor N950 intracellular
probe system. The action potentials were dis-
played on an oscilloscope and recorded simul-
taneously on a Grass Model 7 Polygraph, a Mingo-
graph spray pen galvanometer and a tape recorder.

Ketamine hydrochloride altered the trans-
membrane potentials in a dose-related and
reversible manner. Concentrations of 1 x 10-5 M
were subthreshold whereas 5 x 10-5 M and
1 x 10-4 M slowed the frequency and increased the
action potential duration of spontaneous prepara-
tions, actions consistent with an antiarrhythmic
effect. Higher concentrations of 5 x 10-4 M keta-
mine initially led to a shortening of the action
potential duration then failure of the original
spontaneous activity. During recovery pacemaker-
like activity developed associated with a loss of
resting membrane potential. In electrically-driven
preparations 5 x 10A4M ketamine significantly
shortened the duration of the action potentials,
allowed the appearance of spontaneous potentials

between evoked potentials and markedly aug-
mented the response to adrenaline, actions consis-
tent with an arrhythmogenic effect. These findings
suggest a basis for isolated reports of cardiac side
effects and interactions (e.g. Koplan & Cooper-
man, 1971) and as the concentrations admini-
stered in clinical practice are higher than those
employed in the present experiments, cardiac side
effects should not be unexpected.

This study was supported by grants-in-aid to J.T.H. from
the Medical Research Council of Canada (Term Grant
MT1216) and from the Ontario Heart Foundation.
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Some observations on electrically-
inexcitable cells (neuroglia?) in
rat sympathetic ganglia
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During the course of some recent experiments
using intracellular recording methods in isolated
rat superior cervical ganglia (Adams & Brown,
1973) we frequently impaled cells which had high
initial membrane potentials (80-90 mV) but low
input resistances (<5 MQ2) and which responded
passively to depolarizing current pulses. These
resemble the 'inexcitable' cells in guinea-pig
sympathetic chain ganglia described by Blackman,

Crowcroft, Devine, Holman & Yonemura (1969)
and by Blackman & Purves (1969), and tentatively
identified by them as capsular (oligodendroglial)
cells. In our experiments the frequency with which
these cells were impaled was quite high (several
times in each experiment), but their resting poten-
tial usually discharged rather rapidly. However, on
a few occasions the membrane potential was
sustained at a reasonably elevated level
(50-75 mV) for sufficient time to note some of
their properties. The experimental methods used
have been described previously (Adams & Brown,
1973).
No action potential could be elicited in these

cells either by (i) direct stimulation using depolari-
zing current passed through the recording micro-
electrode or (ii) orthodromic stimulation of the
preganglionic trunk using parameters sufficient to
elicit a synaptically-mediated response of normal
ganglion neurones. However, single orthodromic
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stimuli regularly produced small (<1 mV) depola-
rizations of the cells lasting much longer than a
synaptic potential (1-5 s). With repetitive ortho-
dromic stimulation at quite low frequencies
(2-8 Hz) these depolarizations summed to give a
steady depolarization of 3-10 mV, declining slowly
after cessation of stimulation with a half-time of
5-20 s. Such responses were not seen after
withdrawing the electrode.

The membrane potential was reduced in a
repeatable manner by raising the K + concentration
of the perfusing solution. Within the range
6-24 mM [K+1 the membrane potential appeared
to be a linear function of log [K+1out, with a
slope of 47 mV per log unit.

Neither GABA (100 /M) nor carbachol
(180 gM) altered the membrane potential: both
depolarize ganglion neurones (Adams & Brown,
1973).

The properties of these cells appear to resemble
those previously described for glial cells (see
Kuffler & Nicholls, 1966; Lasansky, 1971), but
differ from the 'unresponsive cells' of the cerebral
cortex described by Krnjevic & Schwarz (1967) in
their lower input resistance and failure to respond
to cholinomimetic stimulation or to GABA.

Glial cells in sympathetic ganglia can accumu-
late exogenous y-amino-butyric acid (GABA)
(Young, Brown, Kelly & Schon, 1973); this may
be released again by raising [K+] or by electrical
stimulation (Bowery & Brown, 1972). The present

observations might be relevant to the mechanism
of this release and to possible interactions of
neurones and glia.

This work was supported by a grant from the Medical
Research Council.
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A comparison of the rate of onset of
excitation and inhibition by
decamethonium acting at frog endplate
receptors
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del Castillo & Katz (1957) found that pulses of
decamethonium (DECA) produced slower depola-
rizations when applied iontophoretically to end-
plate receptors than did acetylcholine or carbachol
(CARB). They suggested that as DECA appeared
to reach the receptors quickly (as judged by the
slowing in rate of rise of a simultaneously elicited
CARB response) this slow onset of depolarization
might reflect slow activation of the DECA-

receptor complex. Since these observations might
have general implications for receptor theory, this
problem has been re-examined, with particular
attention to the rate of onset of antagonism by
DECA of CARB responses.

The methods were similar to del Castillo & Katz
(1957) except that triple-barrelled micropipettes
were sometimes used, a saline-filled barrel then
being available for control of electrical artefacts.
The pipette was manipulated in the vicinity of an
endplate region, during intracellular recording,
until rapid CARB responses (<20 ms rise-time)
were obtained. A short pulse to the DECA barrel
then gave a slow depolarization (Figure 1). A long
pulse (0.5-1.0 s) to the CARB barrel was then
applied and DECA reapplied during the CARB
depolarization (Figure 1). Since DECA is a partial
agonist, it inhibited CARB, and the membrane
hyperpolarized (del Castillo & Katz, 1957).

In 12 experiments the time to peak of the
DECA excitation was 88 ± 9.6 ms (mean ± s.e.)


