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Abstract

We have elucidated some of the mechanisms by which ethanol(EtOH) reduces synaptic efficacy at model glutamatergic
synapses. The crayfish phasic and tonic neuromuscular junctions are superb models for directly assessing the effects of
EtOH on pre-synaptic components of synaptic transmission. The ability to perform quantal analysis of synaptic
transmission has allowed us to assess pre-synaptic alterations of release. Using this system, we report that the application
of EtOH, within a range observed in intoxicated humans(44 and 88 mM), resulted in a diminution of excitatory post-
synaptic potentials(EPSP) amplitudes. Additionally, using focal macro-patch recordings, quantal synaptic currents were
recorded to assess the pre-synaptic component as potential target sites for EtOH’s action. At the tonic neuromuscular
junctions, EtOH(88 mM) reduced the probability of release(p), and in some cases, reduced the number of the release
sites(n), but did not alter facilitation index nor did it affect the latency of vesicular release. At the phasic neuromuscular
junction, a reduction in synaptic charge occurred during the presence of EtOH. Thus, the observed decrease in synaptic
strength is at least partially attributable to a pre-synaptic alteration, specifically the release of fewer vesicles.� 2002
Elsevier Science Inc. All rights reserved.
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1. Introduction

The behavioral effects of ethanol(EtOH) intox-
ication are well documented in both humans and
lower animals. Investigations of the neuronal and
synaptic basis of these behavioral effects have
focused on both pre- and post-synaptic mecha-
nisms (Peoples et al., 1996). Still, many pre-
synaptic components of synaptic transmission are
inaccessible in previously studied neural systems.
The crayfish neuromuscular junction(NMJ)
allows direct assessment of the effects of EtOH on
these pre-synaptic components by counting the
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number quantal events and measuring the kinetics
of vesicular release. Although a number of studies
have used crustaceans to address the actions of
EtOH at NMJs(Adams et al., 1977; Barker, 1975;
Blundon and Bittner, 1992; Finger and Stettmeier,
1984; Friedman et al., 1988; Wachtel, 1984), these
studies did not assess directly the release of neu-
rotransmitter from the nerve terminal, but rather
did so indirectly by measuring changes in
membrane potential of the muscle. The purpose of
our study was to examine the actions of EtOH
directly at the synaptic sites of pre-synaptic motor
neurons so as to quantify the effect of EtOH on
the number of release sites and to examine the
influence of EtOH on the probability of vesicular
release at each site. Thus, by recording synaptic
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currents followed by quantal analysis, we have
determined the mean quantal content(m), the
number of release sites(n), and the probability of
release(p) at each of the release sites as well as
the latency of vesicular release in the absence and
presence of EtOH at tonic neuromuscular junc-
tions. Similarly, at phasic neuromuscular junctions,
we have measured changes in overall synaptic
charge. Since the mechanisms underlying differ-
ences in synaptic efficacy among various types of
neurons are wide ranging from the regulation in
the extent of synaptic contacts to the amount of
release at a given synapse, investigating both high-
and low-output pre-synaptic terminals may hold
promise in understanding some of the aspects to
account for differential modulation of EtOH
among synaptic sites.
Due to the relative simplicity of crustacean

neuromuscular junctions, they serve as good model
systems for experimentation of neuromodulators
actions on synaptic plasticity since pre-and post-
synaptic components can readily be differentiated.
In addition, single vesicular events can be readily
measured directly at the synaptic sites. Also, crus-
tacean motor neurons are distinct as either tonic
or phasic in nature. The opener muscle in the
walking legs of crayfish is an interesting prepara-
tion since the entire muscle is innervated by a
single excitatory tonic motor neuron(Atwood and
Cooper, 1996). For comparison, the leg extensor
muscle in the walking legs of the crayfish is a
favorable preparation, since a phasic motor neuron
can be selectively stimulated and only one phasic
motor neuron innervates the entire muscle(Bra-
dacs et al., 1997). Structurally, the phasic terminals
are, overall, thinner with slight swellings along the
terminals, whereas the tonic terminals contain larg-
er swellings(varicosities). The synaptic structures
are also different within the tonic and phasic
terminals. Generally, the phasic terminals contain
synapses with multiple active zones(complex
synapses) whereas synapses in tonic terminals
have one or a few active zones per synapse(King
et al., 1996; Msghina et al., 1998, 1999; Govind
et al., 1994; Cooper et al., 1996a). These structural
differences between phasic and tonic terminals
along with the correlated differences in the amount
of synaptic output provide an opportunity to com-
pare the effects of ETOH between high- and low-
output terminals.
The results of this study have appeared previ-

ously in abstract form(Strawn and Cooper, 2000).

2. Materials and methods

2.1. Animals and dissection

All experiments were performed using the fresh-
water crayfish,Procambarus clarkii, measuring 6–
10 cm in body length(Atchafalaya Biological
Supply Co., Raceland, LA, USA). Animals were
housed in an aquatic facility and fed dried fish
food and carrots weekly.

2.2. Dissections

2.2.1. Leg opener muscle
The opener muscle of the first walking leg was

prepared via standard dissection(Dudel and Kuf-
fler, 1961; Cooper et al., 1995a). Additionally, all
recordings were made from central fibers and
dissected preparations were maintained in crayfish
saline, a modified Van Harreveld’s solution(Coo-
per et al., 1995a).

2.2.2. Leg extensor muscle
The leg extensor muscle of the first walking leg

was exposed by removing the cuticle on the lateral
aspect of the meropodite along with the entire
flexor muscle and the main leg nerve. The motor
nerve of the extensor muscle separates from the
main leg nerve as it enters the meropodite and is
left in place on the muscle after removal of the
main nerve(Bradacs et al., 1997).

2.3. Electrophysiological recordings

2.3.1. Excitatory post-synaptic potentials (EPSPs)
Intracellular recordings were performed with

standard intracellular microelectrodes(30–60
MV, 3M KCl) and responses were recorded as
previously described(Strawn et al., 2000). The
amplitudes of the EPSPs were obtained by the
difference in the peak value to the baseline pre-
ceding the train of stimulation(Crider and Cooper,
2000). To determine the facilitation index for the
train facilitation, the amplitude of the 10th EPSP
pulse was divided by the amplitude of the fifth
EPSP and the resulting number had 1 subtracted
from it. All events were appropriately scaled to
known test pulses applied through the electrode
and directly measured on an oscilloscope to the
signals recorded with the MacLab Scope software
(version 3.5.4). Nerve stimulation was performed
as previously described(Cooper et al., 1995b) and
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excitatory post-synaptic potentials(EPSPs) were
recorded in the central fibers of the opener muscle
(Cooper et al., 1995b; Dudel and Kuffler, 1961).
The excitatory axon was stimulated with trains of
10 stimuli at 30 Hz with a train interval of 10 s.
Averages of 10–20 trains were used for measure-
ment. EPSPs and excitatory post-synaptic currents
(EPSCs) were obtained by selectively stimulating
the phasic excitatory motor neuron at various
frequencies with the use of a focal electrode with
an inner diameter of 15-20mm placed directly on
the axon(Bradacs et al., 1997). The axon type is
easily identified after staining with the vital dye
4-Di-2-ASP which labels the tonic axon more
brightly than the phasic axon due to its greater
mitochondrial density (Atwood and Cooper,
1996).

2.3.2. Excitatory post-synaptic currents (EPSCs)
Synaptic currents were measured with focal

macropatch electrodes, thus allowing for a deter-
mination of the effect of EtOH on vesicular
release. The synaptic currents were obtained using
the loose patch technique by lightly placing a 10–
20-mm fire-polished glass electrode directly over
a spatially isolated varicosity along the nerve
terminal. The nerve terminal which had been
visualized after exposure to the vital florescent dye
4-Di-2-ASP (Molecular Probes; Magrassi et al.,
1987; Cooper et al., 1995a). The seal resistance
was in the range of 100 KV to 1 MV. Because
the seal could have easily been lost had the muscle
twitched, stimulation was restricted to 1 Hz.
Evoked excitatory post-synaptic currents(EPSCs)
and miniature excitatory post-synaptic currents
(mEPSCs) were recorded and analyzed to deter-
mine the mean quantal content(m), the number
of release sites(n), and the probability of release
at the sites(p) (Cooper et al., 1995b, 1996b; del
Castillo and Katz, 1954). Mean quantal content
was determined by direct counts(m):

Ž .Direct counts m
Ž .Ž . Ž .Ž . Ž .Ž .� failures 0q � singles 1q � doubles 2«8

s
total number of sweeps

By direct counts of the evoked quantal events,n
and p were estimated. In some cases, there were
no evoked events that followed the nerve terminal
spikes; such a failure in evoked release was count-
ed as a zero. If only one single event occurred
after the spike, it was counted as one; when double

events occurred, they were referred to as two
(Table 1). A common method of obtaining the
quantal parameters(n) and (p) is based on direct
counts and estimating(n) and (p) by fitting
various discrete distributions such as a Poisson,
uniform binomial, or non-uniform binomial to the
observed data, thus one can predict the distribution
of the number of events resulting from each
stimulus(Pred, Table 1). Once the type of distri-
bution was determined, a maximum likelihood
estimate was used by a bootstrapping approach to
determinen and p (Smith et al., 1991; Cooper et
al., 1995b). The integral of quantal release(cur-
rent=time or charge) was determined by measur-
ing the total area of the evoked current. The time
of peak-evoked events varied due to latency fluc-
tuations, so that when multiple events occurred,
the measurements of peak amplitude were not as
reliable as the area measurement(Cooper et al.,
1995b). To monitor charge over time, the area of
the evoked current was measured for each event.
Additionally, the latency of evoked release was
determined for each event as previously described
(Southard et al., 2000). Since exposure to EtOH
produced gradual changes in all of the quantal
parameters, each 1000 evoked trials of data were
divided into bins of 200 events. The subsets of
200 trails were found to be sufficient to obtain
quantal predictions.

3. Results

3.1. Excitatory post-synaptic potentials (EPSPs)

To determine if EtOH altered synaptic transmis-
sion within the concentration range clinically
observed in intoxicated humans(44–88 mM,
respectively), we first examined the post-synaptic
potentials induced by high output phasic motor
nerves of the crayfish in the leg extensor muscle
preparation. These high output terminals produced
relatively large amplitude EPSPs, usually in the
range of 10–20 mV between preparations from
various sized crayfish(Bradacs et al., 1997; Shear-
er et al., 2000). For the size range of animals used
in this study, the average amplitudes of the EPSPs
recorded in saline was 15 mV(Fig. 1a). The
decrease in the EPSP amplitude was rapid and
observed in all preparations. A representative
response is illustrated in Fig. 1b. Mean amplitude
was determined after the maximum response
occurred during the exposure to EtOH(Fig. 1c).
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Table 1
Influence of EtOH on quantal release parameters: mean quantal content(m), number of sites releasing(n), and probability of release
at the sites(p)

All Trials Trials 1–200 Trials 201–400 Trials 401–600

Events Obs Pred Obs Pred Obs Pred Obs Pred

Prep. 1
Saline 0 309 323 103 107 111 111 95 96

1 248 216 73 64 81 79 94 98
2 13 36 3 10 6 9 4 4
3 5 0 2 0 1 1 2 0
m 0.503 0.47 0.482 0.554
n 3 3 3 3
p 0.168 0.16 0.16 0.18

EtOH 0 358 367 128 128 124 120 106 106
1 216 178 55 55 75 72 86 86
2 6 44 2 2 0 8 4 4
3 1 3 0 0 1 0 0 0
m 0.398 0.319 0.390 0.480
n 3 2 3 2
p 0.144 0.16 0.13 0.24

Prep. 2
Saline 0 515 515 172 172 173 173 170 172

1 81 81 27 27 26 26 28 28
2 3 3 1 1 0 0 2 0
m 0.145 0.145 0.140 0.155
n 2 2 1 1
p 0.073 0.073 0.13 0.144

EtOH 0 582 583 197 197 194 195 191 191
1 17 17 3 3 5 5 9 9
2 1 0 0 0 1 0 0 0
m 0.0317 0.015 0.03 0.045
n 1 1 1 1
p 0.0284 0.015 0.0251 0.045

Prep. 3
Saline 0 554 559 183 184 183 185 188 190

1 41 41 16 16 15 16 10 10
2 5 0 1 0 2 0 2 0
m 0.085 0.09 0.095 0.070
n 1 1 1 1
p 0.069 0.084 0.076 0.051

EtOH 0 571 574 188 189 194 195 189 190
1 26 26 11 11 5 5 10 10
2 3 0 1 0 1 0 1 0
m 0.053 0.065 0.035 0.06
n 1 1 1 1
p 0.044 0.055 0.025 0.0502

Prep. 4
Saline 0 458 458 175 176 178 179 105 105

1 59 59 24 24 21 21 14 14
2 2 2 1 0 1 0 0 0
m 0.105 0.130 0.115 0.118
n 2 2 1 1
p 0.061 0.065 0.106 0.118

EtOH 0 588 568 185 186 191 191 190 191
1 32 32 14 14 9 1 9 9
2 2 0 1 0 0 0 1 0
m 0.06 0.08 0.045 0.055
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Table 1(Continued)

All Trials Trials 1–200 Trials 201–400 Trials 401–600

Events Obs Pred Obs Pred Obs Pred Obs Pred

n 1 1 1 1
p 0.054 0.070 0.045 0.045

Prep. 5
Saline 0 481 474 158 153 160 159 163 167

1 100 112 44 41 35 36 32 44
2 18 13 8 6 5 4 5 5
3 1 1 1 1 0 0 0 0
m 0.232 0.26 0.225 0.21
n Poisson Poisson Poisson 1
p – – – 0.1641

EtOH 0 518 527 170 173 175 179 173 176
1 72 73 27 27 21 21 24 24
2 10 0 3 0 4 0 3 0
m 0.1544 0.165 0.145 0.15
n Poisson Poisson Poisson Poisson
p – – – –

Direct quantal counts obtained at the neuromuscular junction of the opener muscle are listed as the number of events(Events) for
the observed distributions(Obs) and in determining the best fit models for a predicted distribution(Pred) to calculate the number of
sites releasing(n), and probability of release at the sites(p). The mean quantal content(m) is shown and the distributions that were
Poisson in nature, in whichn andp could not be determined, are listed.

Application of EtOH(44 mM) to extensor NMJs
decreased the EPSP amplitudes by 13"5% (ns
5, P-0.05 Wilcoxon Rank sum test) while at 88
mM, amplitudes were reduced by 17"7% (ns5,
P-0.05 Wilcoxon Rank sum test).

3.2. Excitatory post-synaptic currents (EPSCs)

Because EPSP amplitudes were reduced in the
presence of EtOH, it was important to determine
if the effect was due, in part, to a pre-synaptic
mechanism. A pre-synaptic change would be sup-
ported if the number of quanta released per evoked
event decreased in the presence of EtOH. These
changes were readily assessed by recording the
excitatory post-synaptic currents(EPSCs) and
counting the number of evoked quanta over time
(Fig. 2). The post-synaptic effects have been
investigated in early works on crustacean muscles
(Blundon and Bittner, 1992; Blundon, 1992).
Exposure of the phasic NMJ to EtOH resulted

in a reduction in the amount of synaptic charge
over time. The profile of the effect during a 1-Hz
stimulation paradigm is illustrated for a represen-
tative preparation in Fig. 3a. In previous studies
(Cooper et al., 1995b), it was shown that, in
measuring traces deemed as failures, there are
small deviations from zero, which is a measure of
noise. The noise of the currents is centered at zero

with negative and positive deviations as seen in
Fig. 3a,c. Upon grouping, the average response for
each 200 bins(i.e. 200 s) before and during EtOH
exposure the depression of synaptic transmission
was apparent(Fig. 3b). Histograms of the occur-
rences in the ranges of synaptic charge revealed a
reduction in the occurrences of the larger events
and an increase of the frequency of single quanta.
These changes were also accompanied by an
increase in the number of evoked trials that failed
to elicit an EPSC(Fig. 3c).
The reduction in EPSCs in the phasic nerve

terminals warranted further investigation. Howev-
er, because a large number of vesicles fuse to the
membrane during an evoked event at the phasic
synapse, the opener muscle preparation, that is
innervated by a single tonic motor neuron, was
used to investigate the effects of EtOH on vesicular
dynamics and quantal currents. The area of the
evoked synaptic current is a measure of charge
(current=time). Because of fluctuations in latency,
measurements of charge are more accurate in
determining quantal current than are determina-
tions using peak current amplitude(Cooper et al.,
1995b). Additionally, at the opener NMJ, direct
quantal counts can be made which permit the
determination of mean quantal content(m). In five
out of five experiments,m decreased initially(Fig.
4a). To assess the rate of EtOHs modulatory effect
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Fig. 1. (a) Excitatory post-synaptic potentials can be recorded
from the extensor muscle fiber while exposing the fiber to
EtOH. Using this technique, the size of average evoked post-
synaptic potentials can be compared for saline(left) and EtOH
(right). Additionally, one can see the EtOH(88 mM) has a
depressive effect on synaptic transmission by observing the
changes in individual EPSPs while the nerve is stimulated at
1 HZ. (b) Note that this graph illustrates the rapid depression
upon exposure to EtOH.(c) Histograms show the mean EPSP
amplitudes before and after EtOH treatment in each(mean
amplitudes"S.E.M.). Application of EtOH(44 mM) to exten-
sor NMJs decreased the EPSP amplitudes by 13"5.0% (ns
5, P-0.05 Wilcoxon Rank sum test) while at 88 mM,
amplitudes were reduced by 17"7.1% (ns5, P-0.05 Wil-
coxon Rank sum test).

Fig. 2. Quantal recordings allow for an assessment of pre-syn-
aptic modulation by 88 mM EtOH.(a) A focal macro-patch
electrode is placed over a single, spatially isolated varicosity
along the nerve terminal, which allows for the recording of
synaptic currents.(b) Each time the nerve is stimulated, a stim-
ulus artifact and spike are recorded as shown. Additionally, an
excitatory post-synaptic current(EPSC) may occur. The areas
of these EPSCs were determined by integration of the trace,
which allows for an assessment of charge before and during
exposure to EtOH. Direct counts of individual evoked quantal
events are also obtained in this manner.

on the quantal parameters, every 200 s were
grouped for quantal analysis. The percentage
change induced by EtOH inm for each of the five
preparations is depicted in Fig. 4b. The mean
reduction inm was y49.6"11.7%; however, it
should be noted that percentage change varied
concomitantly with the initial amount of synaptic
strength of the preparation(Fig. 4b).
Sincem decreased as a result of EtOH exposure,

a more thorough analysis of the probability of
vesicular release(p) and the number of release
sites (n) was performed. This approach allowed
us to determine the site of EtOHs action in the
reducing transmitter release from the pre-synaptic
terminals. To obtain estimates of the quantal par-

ameters(n and p), the statistical distribution for
each set of 1000 trials and the 200 trial subsets
was used(Table 1). Prior to exposure to EtOH,
some preparations exhibited a baselinens1, in
which casen could not be reduced. In addition,
when distributions were best fit by a Poisson
distribution,n andp could not be reliably estimat-
ed. Nonetheless, direct counts revealed an increase
in the number failures and attenuation in the
frequency of multiple events during exposure to
EtOH. The main contribution to the reduction in
mean quantal content was attributable to a reduc-
tion in thep (Table 1).

3.3. Latency of evoked release

Since exposure to EtOH decreasedp, it was
likely that it might also alter the rate of evoked
release. To assess the kinetics of vesicular events,
the latency from the time of the arrival of the
action potential at the nerve terminal to the initial
post-synaptic current is commonly used(Southard
et al., 2000). The latency period encompasses the
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Fig. 3. In the high output phasic nerve terminals EtOH rapidly depresses the synaptic currents. Currents over time become reduced in
size (a). Upon averaging the responses in 200-s blocks of time the overall responses clearly show a continued decline in the amount
of synaptic charge. Mean charges("S.E.M.) are shown(b). Bar charts of quantal charge were plotted in groups of 200 s, which allows
for an examination of shifts in distribution associated with the application of EtOH. Initially, the charge ranged from 0.0 to 1.1(C ).1

However, with exposure to 88 mM EtOH(C and C), there is a leftward shift in the histogram indicating smaller evoked responses,1 3

likely due to the release of fewer vesicles. The vertical dotted lines portray the horizontal scales for each histogram.

time of the action potential reaching the nerve
terminal, the inward calcium flux, primed vesicle
fusing to the membrane, transmitter release and
diffusion to the post-synaptic ligand-gated recep-
tors, and finally, the sodium current influx into the
muscle cell. Since there is a distribution in the
normal latency of release in the absence of EtOH,
we determined whether EtOH shifted the whole
distribution of latencies or particular subsets of
latencies. To quantify these changes, latencies for
each evoked event were plotted in a rank sum
order from lowest to highest before and after
exposure to EtOH. No net shift was observed in
the latency distributions of any preparation when
exposed to EtOH(88 mM) (data not shown).

4. Discussion

The results of this study reveal that EtOH
exposure, within a pharmacological range for
humans (44–88 mM), reduces the number of
evoked quantal events and subsequently depresses
the amplitudes of EPSPs at the glutamatergic NMJ
of the crayfish (Shinozaki and Shibuya, 1974).
Moreover, our results suggest a direct action of
EtOH at the pre-synaptic terminal. The observed
decreases in mean quantal content, mostly a result
of a decreased probability of vesicular release,
suggest that EtOH altered properties of the pre-
synaptic terminal.
Although the exact pre-synaptic mechanisms by

which EtOH acts have not been fully elucidated
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Fig. 4. Mean quantal content(m) determined for the tonic
opener preparation indicates a depression induced by EtOH.
(a) Them is plotted during saline exposure(0–300) and dur-
ing exposure to 88 mM EtOH(400–600). Notice the decrease
in m observed in all five preparations. The values within each
100 trials are averaged.(b) Percentage changes from the prep-
arations shown in(a) are shown for the 200 stimulations before
EtOH exposure and the first 200 stimulations during EtOH
treatment.

in this study, there are several possibilities. First,
EtOH could have directly affected ion channels.
Alteration of Na or Ca channels would dimin-q q2

ish net depolarization or Ca entry. Second, EtOHq2

could interfere with protein–protein interactions
involved in the vesicular docking and the fusion.
Possibly with calcium sensitive indicators and
imaging of the crayfish motor nerve terminals
(Cooper et al., 1995a), one could determine if
EtOH alters Ca loading at the terminal. Inq2

addition, biochemical studies of isolated proteins
could detect differences in known protein–protein
interactions that occur within the nerve terminals
for vesicular related events(He et al., 1999).
Earlier studies of pre-synaptic effect of EtOH at

the vertebrate NMJ suggested that EtOH dimin-
ished acetylcholine release by blocking Na con-q

ductance, and that nerve terminals releasing ACh
are most sensitive to EtOH(Carmichael and Israel,
1975). However, these effects were observed at
high concentrations of EtOH(100 mM). Within a
pharmacologic range(10–100 mM), a later study
using fetal spinal cord neurons, revealed that the
frequency of excitatory post-synaptic potentials
decreased in the presence of EtOH(Groul, 1982).

This also suggests that EtOH alters synaptic
release.
A more speculative possibility is that EtOH

exposure at the crayfish NMJ may have an action
on pre-synaptic autoreceptors. It is known that, in
rats, EtOH blocks adenosine triphosphate-induced
currents (Li et al., 2000), and recently it was
shown that the crayfish NMJ, as used in this study,
have pre-synaptic adenosine receptors(Schramm
and Dudel, 2001). However, at the crayfish NMJ,
adenosine depresses synaptic transmission; there-
fore, the results of our study indicate that EtOH is
not blocking adenosine receptors in the crayfish
system.
A number of crustacean NMJ preparations have

been used to examine the effect of EtOH on
synaptic potentials(Adams et al., 1977; Barker,
1975; Blundon and Bittner, 1992; Finger and
Stettmeier, 1984; Friedman et al., 1988; Wachtel,
1984). Wachtel(1984) investigated in the crayfish
(Cherax destructor) opener muscle the effects of
different chain lengths of aliphatic alcohols on
synaptic transmission. In addition, Finger and
Stettmeier (1984) had shown, in the crayfish
opener muscle, that the single channel current,
activated by quisqualate, was reduced by EtOH in
a concentration-dependent fashion, but that the
mean open time of the channels was unaffected.
Also, in contrast to Blundon and Bittner(1992),
Finger and Stettmeier(1984) showed that the size
of the quantal post-synaptic inhibitory currents did
not decrease, but that ethanol selectively depressed
EPSCs. In addition, Adams et al.(1977) had
shown in the opener muscle of the crab(Scylla
serrata) thatmEPSCs have faster decay rate in the
presence of EtOH(0.25 M). Likewise, the minia-
ture excitatory post-synaptic currents(mEPSCs) at
NMJs in a toad are shortened by the alcohol,
octanol(Gage et al., 1974, 1978). The membrane
resistance of crustacean muscle fibers also decreas-
es with prolonged exposure to high concentrations
of EtOH (Blundon and Bittner, 1992). The results
of their studies support the notion that the fluidity
of the membrane, in the post-synaptic sites, is
increased which has an effect on the receptors.
With respect to pre-synaptic actions, Friedman et
al. (1988) noted concentration-dependent, biphasic
responses. In their study, concentrations of EtOH
in the range of 10–100 mM increased the occur-
rences of spontaneous events, whereas higher con-
centrations of EtOH from 300 to 600 mM
decreased the evoked EPSP amplitudes in facili-
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tated responses. Unfortunately though, the findings
of these past studies are difficult to interpret, as
they have not been conducted within the same
pharmacologic range. Since we report a decrease
in overall mean quantal content, mostly contributed
to a decrease in the probability of vesicular release,
it appears that EtOH substantially alters the prop-
erties of the pre-synaptic terminal by reducing
overall synaptic transmission. The actions appear
to reduce overall synaptic transmission; however,
in five experiments in which synaptic facilitation
was measured, we did not observe any change in
the facilitation indices. Thus, our results suggest
that the cooperativity of calcium binding is not
affected by EtOH within the range(44–88 mM)
used in this investigation. Further analysis of the
latency in evoked release was conducted in three
preparations by measuring the time from the spike
induced in the nerve terminal until the time of
discerning the initial phase of the synaptic current
from baseline(Southard et al., 2000). The distri-
bution of the observed latencies were analyzed for
shifts in the distribution of latency prior and during
EtOH exposure. No significant shifts in the syn-
aptic latency could be observed for the quantal
currents measured at the NMJs on the opener
muscle.
We have focused on pre-synaptic actions in this

study, but there is evidence that EtOH has direct
effects on post-synaptic receptivity to neurotrans-
mitters. However, many of these studies have used
high concentrations of EtOH. For thorough reviews
on both pre-synaptic and post-synaptic actions that
emphasize the responses related to the experimen-
tal concentrations of EtOH, consult Deitrich et al.
(1989), Weight (1992) and Blundon(1992).
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