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Summary _

After anticholinesterase treatment, depolarization of the postsynaptic muscle membrane by about 5 mV develops due to
non-quantally released acetylcholine from the motor nerve terminal and can be revealed as hyperpolarization by the
addition of curare (H-effect). The H-effect increases significantly to 8.7 mV after inhibition of NO-synthase by
L-nitroarginine methylester (L-NAME) whilst no changes in the amplitude and frequency of quantal miniature endplate

potentials are observed.
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Introduction

In addition to the well-established quantal
release of acetylcholine (ACh) from nerve terminals, there
also exists the so-called non-quantal release (Katz and
Miledi 1977, Vysko¢il and Illes 1977). There are
indications that, at least in rodents, a great part of ACh is
released at rest from nerve terminals non—quantélly
(Mitchell and Silver 1963, Vizi and Vyskog&il 1979).
While spontaneous quantal release is apparently resistant
to the action of nitric oxide (NO) (Lindgren and Laird
1994), no data are available about the effect of this novel

release. The
might be of
physiological significance as it has been reported recently
that non-quantal ACh can activate the production of NO
in muscle fibers, it prevents the early postdenervation
depolarization and apparently affects nerve terminals
retrogradely (Urazaev et al. 1995, 1997, 1998). In the
followed the
electrophysiological characteristic of non-quantal release
in the rat diaphragm endplate zone before and after
inhibition of NO-synthase. In particular, we estimated the
size of the so-called H-effect, i.e. the inhibition of

neuronal messenger on non-quantal

modulation of non-quantal release

present communication we
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postsynaptic receptors by tubocurarine, which are
depolarized by the ACh released non-quantally from the
nerve terminal.

Method

Hemidiaphragms with a 10-15 mm of nerve
stump were quickly dissected from female Wistar rats
(150-200 g body weight) killed by cervical dislocation
and decapitation. The diapragm slices were bathed in a
standard oxygenated Krebs-Ringer solution (in mM: NaCl
120.0, KCl1 5.0, CaCl, 2.0, MgCl, 1.0, NaHCO; 11.0,
NaH,PO, 1.0, glucose 11.0) enriched with 1x10™ mol/l
choline chloride at 20 °C to prevent the spontaneous
decrease of non-quantal release (Nikolsky et al. 1991).
The non-quantal release which causes depolarization of
muscle fibres in the endplate zone was statistically
quantified by impaling, with glass microelectrodes
(2.5 mol/1 KCI, 10 M) 20 or more fibres during a 5 min
period before, and another 20 or more fibres after the
addition of 1x10” mol/l (+) tubocurarine (Sigma, USA) to
the medium. The difference between the mean resting
membrane potentials under these two conditions
(H-effect, Vyskotil and Illes 1978, Vyskocil et al. 1983)
is generally considered to be due to synaptic
depolarization which reflects the non-quantal release of
ACh. For cholinesterase inhibition, the preparations were
treated with an irreversible anticholinesterase, 1x107
mol/l diethoxy-p-nitrophenyl phosphate (armin, Institute
of Organic Chemistry, Moscow, Russia) for 30 min and
then rinsed several times for 15 min before the
measurements were made in a 2 ml Perspex chamber
superfused with the saline at a rate 5 ml/min.

Data are expressed as mean = S.E.M. Parametric
analysis of variance (ANOVA) of the experimental
groups versus the control group was carried out by
multiple comparison using the Bonferroni t-test. Microcal
Origin version 3.5 (Microcal Software, Inc. 1991-1994)
was used for statistical analyses.

Results and Discussion

Controls

The membrane potential of armin-treated
muscles in the endplate zone was —72.2+0.2 mV (number
of fibers pooled from 5-7 muscles, n=150). Addition of
tubocurarine  hyperpolarized the muscle fibersto
~77.240.2 mV (n=150). The H-effect was thus 5.0+0.2
mV which was considered 100 %.

NO-synthase inhibition

L-NAME (L-nitroarginine methylester, Tocris,
USA) in the concentration of 1x10™ mol/l was added to
the muscle bath during washout of anticholinesterase and
then present for the total period of measurements. This
treatment increased the membrane potential difference
from -72.6£0.3 mV (n=90) before tubocurarine to
—-81.340.3 mV (n=90) after tubocurarine, i.e. H-effect
rose by 74 % to 8.7+0.3 mV (n=90, p<0.05). When an
inactive optic isoform of the inhibitor, D-NAME, was
used, the H-effect was not significantly changed (5.2+0.2
mV, n=110, p>0.05). This excludes a non-specific action
of these arginine esters.

Miniature endplate potentials

The higher H-effect in the presence of L-NAME
could be due to an increase of postsynaptic sensitivity to
ACh. This can be excluded when amplitudes of
uniquantal spontaneous events are unchanged after
L-NAME application. Indeed, the mean amplitude and
frequency of quantal responses, miniature endplate
potentials, did not change during the inhibition of NO
synthase by L-NAME; they were 0.87+0.14 mV and
1.540.2 events/s in 5 muscle fibres before L-NAME
treatment (100 events recorded in each fiber) and
0.90+0.15 mV and 1.6+0.3 events/s after 30 min presence
of 1x10™* mol/l L-NAME, respectively.
indicate that NO can
modulate the level of non-quantal acetylcholine release at

These experiments

rat neuromuscular junction. If the synthesis of NO is
impaired for some reason, the H-effect increases. This
increased release can activate the Ca®'-dependent
production of NO (Urazaev et al. 1997). NO then diffuses
from muscle to the nerve terminal and lowers the non-
quantal release. Further detailed aspects of this proposed
feedback mechanisms are at present studied on muscles in
vivo and in vitro using NO donors and scavengers such as
sodium nitroprusside and hemoglobin (Urazaev et al.
1996, 1998).
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