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Abstract
The aim of the present study was to give insight into the mechanisms of action of ethanol on the
function of retinal ON and OFF channels. In order to fulfill this aim the effects of ethanol on the
electroretinographic (ERG) ON (b-wave) and OFF (d-wave) responses were investigated in intact
frog eyecups and in eyecups, where the activity of proximal retinal neurons was blocked by 1
mM N-methyl-D-aspartate (NMDA). Ethanol at all concentrations tested (0.25%, 0.5% and 1%)
increased the b-wave amplitude and diminished the d-wave amplitude in the intact eyecups. The
time characteristics of the d-wave, but not the b-wave were slowed. Perfusion with NMDA alone also
caused significant enhancement of the b-wave amplitude and diminution of the d-wave amplitude.
When ethanol was applied in combination with NMDA, its effects on both the b- and d-waves were
fully preserved. The results obtained indicate that ethanol effects on the amplitude and time course
of the ERG b- and d-waves are due to its action in the distal frog retina. A hypothesis is presented
that the opposite effects of ethanol on the b- and d-wave amplitude are due to one and the same
mechanism-inhibition of the ionotropic non-NMDA glutamate receptors in retinal horizontal and
OFF bipolar cells.
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Introduction

Acute consumption of ethyl alcohol (ethanol) affects a variety of
visual functions, but the site where ethanol exerts its action is
largely unknown. Some of ethanol effects may originate in the
retina, while others may have their origin in the higher brain
visual centers. It has been shown that some ethanol effects
in frog retina resemble those of GABA receptor antagonists.
Backstrom [1,2] has found that both ethanol and picrotoxin
abolish the inhibitory surround of ganglion cell receptive fields
and decrease the sensitivity of their rod mediated responses,
while both agents increase the sensitivity of ganglion cell cone
mediated responses. In addition, ethanol increases the latency
of the responses, while picrotoxin has biphasic action – an initial decrease followed by an increase. Backstrom [1] suggested
that ethanol has stronger effects on the conventional synapses
made by horizontal and amacrine cells compared to the ribbon synapses made by bipolar cells. As a consequence, ethanol
abolishes the lateral inhibition in the retina mediated by the
GABAergic interneurons. Alcohol-induced decrease in lateral

inhibition under different conditions of light adaptation has
been also observed in humans with psychophysical performance
in assessments of visual function [3,4]. Thus, it appears that
some ethanol actions on visual functions are due to decreased
lateral inhibition. This action could occur not only at the level
of ganglion cells in the proximal retina, but also at the level of
bipolar cells in the distal retina.
One of the easiest ways to characterize light responses of all
groups of bipolar cells in vivo without perturbing any neuronal
connections is by recording electroretinogram (ERG). The ERG
consists of many components, but two of them are most prominent in response to long lasting stimuli: a b-wave (in response
to stimulus onset) and a d-wave (in response to stimulus offset).
The b- and d-waves are usually used for assessment of the retinal
ON and OFF channel activity. There is general consensus that
the neuronal generator of the b-wave is primarily the depolarizing (ON) bipolar cells, while the d-wave generation depends
mainly on the activity of hyperpolarizing (OFF) bipolar cells with
minor contribution of the photoreceptor response at stimulus
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offset and activity of proximal retinal neurons [reviews: 5,6].
It has been demonstrated that ethanol has opposite effects on
the ERG ON and OFF responses: it increases the amplitude
of the b-wave, but it decreases the amplitude of the d-wave
in amphibian and reptilian retina [7-13]. An increase of the
b-wave amplitude has also been seen in dark adapted human
ERG [14]. The ethanol effect on the b-wave amplitude is similar
to that of picrotoxin (antagonist of GABAA and GABAC receptors), while its effect on the d-wave amplitude is opposite to that
of picrotoxin (especially in frog retina) [for review: 15]. Thus,
the blockade of the GABAergic transmission could account for
the enhancing effect of ethanol on the ERG ON response, but
it could not account for the depressing effect of ethanol on the
ERG OFF response. This suggestion is in accordance with the
results of Belcheva and Tzekov [12], who have demonstrated
that picrotoxin eliminates the enhancing effect of ethanol on the
b-wave amplitude, but it does not change (or even augments)
the suppressive effect of ethanol on the d-wave amplitude. The
latter effect may be due to a suppressive action of ethanol directly
on the OFF bipolar cells in distal retina or to its suppressive
action on the third order retinal neurons, whose activity also
contributes to the amphibian ERG OFF response. A distinction
between these two possibilities could be made by comparing
the effects of ethanol on the ERG d-wave in intact eyes with its
effects in eyes, where the activity of proximal neurons has been
blocked. It has been shown that N-methyl-D-aspartate (NMDA)
applied in high concentrations (in milimolar range) depolarizes
amacrine and ganglion cells and eliminates their light-evoked
responses [16-20]. At the same time, NMDA has no effect on
the light responses of photoreceptors and distal retinal neurons
[16,19,21-23]. Thus, the NMDA treatment proved to be a useful
tool for proximal retinal blockade.
In this study we compared the effects of ethanol on the
ERG waves in intact frog eyecup preparations with its effects
in eyecups, where the activity of proximal neurons has been
blocked by 1 mM NMDA. We found that ethanol enhances the
amplitude of the b-wave and diminishes the amplitude of the
d-wave in the intact eyecups. The ethanol effects on both the
b- and d-waves were fully preserved in eyecups treated with
NMDA. The results presented indicate that ethanol effects on
the amplitude and time course of the ERG b- and d-waves are
due to its action in the distal frog retina.
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with the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research.
The effect of ethanol was assessed by perfusion of eyecups
with solution of 1% ethanol dissolved in Ringer solution. The
activity of proximal neurons was blocked using N-methyl-Daspartate (NMDA-Sigma-Aldrich), dissolved in Ringer solution
to a concentration of 1 mM. The same concentration has been
used in our previous studies [24,25] and by other authors
working on amphibian retina [26-28]. The saturating nature of
this NMDA concentration was tested in our previous work [25].

Experimental procedure

The frogs were dark adapted for 24 h and then the eyecup
preparation was made under dim red light. The rhythmic light
stimulation began after additional period of dark adaptation
for 30 minutes. Diffuse white light stimuli (150 W tungsten
halogen lamp) with 5 s duration were presented repeatedly at
interstimulus interval of 25 s during period of 40 minutes. The
light intensity was 5.4×103 quanta s-1 μm-2 (0.45 lx) falling at the
plane of the retina. Results are based on 54 experiments, divided
into 4 experimental groups according to the substances applied:
1) Control group (n=12). Eyecups were perfused with Ringer
solution throughout the whole 40 minutes period. 2) Ethanol
group (n=15). In preliminary experiments (n=4) three different
concentrations of ethanol (0.25%, 0.5% and 1%) was tested in
order to obtain dose-response relationship. In the main group
of experiments (n=11) the eyecups were perfused with Ringer
solution for 10 minutes firstly and afterwards with 1% ethanol
for 30 minutes. 3) NMDA group (n=14). The eyecups were perfused with Ringer solution for 10 minutes firstly and afterwards
with 1 mM NMDA for 30 minutes. 4) NMDA+Ethanol group
(n=13). The eyecups were perfused with Ringer solution for 10
minutes firstly, followed by 3 minute period of perfusion with
1 mM NMDA and afterwards the perfusion was switched to
Ringer solution containing 1 mM NMDA+1% ethanol. In two
of the experiments in this group the order of treatment was
revised–the eyecups were perfused with 1% ethanol firstly and
with 1% ethanol + 1 mM NMDA afterwards.

ERG recording and data analysis

The electroretinograms were recorded by means of non-polarized
Ag/AgCl electrodes at bandpass of 0.1-1000 Hz (DC/AC differential amplifier model 3000; A-M Systems) and digitized at
Methods
2000 Hz, 16 bit resolution (Data acquisition system Biopac MP
The experiments were carried out on 54 dark adapted eyecup 150). The amplitude of the b-wave was measured from the peak
preparations of frog (Rana ridibunda), continuously superfused of the a-wave to the peak of the b-wave, while that of the d-wave
with Ringer solution (NaCl 110 mM, KCl 2.6 mM, NaHCO3 10 was measured from the baseline to the peak of the wave. The
mM, CaCl2 1.6 mM, MgCl2 0.8 mM, Glucose 2 mM; HCl 0.5 latency of the ERG waves was measured from stimulus onset
mM to adjust pH to 7.8) at a rate of 1.8 ml/min, temperature (for b-wave) or offset (for d-wave) to the beginning of the wave,
16-18oC and supplied with moistened O2 [for details see 24]. while their implicit time was measured from stimulus onset (for
The frogs were first anesthetized in water containing 500 mg/l b-wave) or offset (for d-wave) to the peak of the wave.
Tricaine methanesulfonate (Sigma-Aldrich Chemie GmbH).
Student’s t-test and Two-Way ANOVA (OriginPro 8 software,
They were then decapitated and pithed. The procedure has been OriginLab Corporation, Northhampton, MA) were used for
approved by the local ethics committee and is in compliance statistical evaluation of the data.
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Results

Control group

The amplitude of both the b- and d-waves remained unchanged
during the entire course of the experiment when the retina was
perfused with Ringer solution only (Figures 1a and 1b). The same
was true for the time course of the responses. Both the latency
and implicit time of the ERG waves were not significantly altered
during the perfusion with Ringer solution (Table 1).

Ethanol group

In preliminary experiments three different concentrations of
ethanol–0.25% (~54 mM), 0.5% (~109 mM) and 1 % (~217 mM)
were tested in order to obtain dose-response relationship. All
three concentrations caused significant increase of the b-wave
amplitude and decrease of the d-wave amplitude in comparison
with the corresponding values obtained in the control group

(Figure 1c). The effect was most pronounced (especially for the
d-wave amplitude) with the highest concentration of ethanol.
That’s why the concentration of 1% ethanol was chosen for the
main group of experiments. Similar concentrations of ethanol
have been used by other authors working on isolated preparations in vitro [29-31].
The amplitude of the ERG waves in the main group of experiments was very stable in the initial control period. Switching
the perfusion to 1% ethanol solution caused marked increase of
the b-wave amplitude and diminution of the d-wave amplitude.
The effect developed rapidly and reached a plateau sooner for
the b-wave (8th min) than for the d-wave (15th min) (Figures 1a
and 1b). During the plateau period the amplitude of the b- and
d-wave differed significantly from the corresponding values
obtained in the control group (Two-way ANOVA, p<0.0001).
Perfusion with ethanol did not alter significantly the latency

(a)

(c)

(b)

(d)

Figure 1. (a,b) Time course of the effects of 1% ethanol on the amplitude of the ERG b- and d-wave.
Results of both control experiments (open symbols) and test experiments of main group (filed
symbols) are represented. The amplitude of the ERG waves is normalized to the values obtained
just prior ethanol application. The time, when the perfusion was switched to 1% ethanol solution
(EtOH), is indicated by an arrow. Mean values ±SEM are shown. (c) Dose-response relationship for
ethanol effects on the b- and d-wave amplitude. The amplitude of the ERG waves during treatment
with 3 different concentrations of ethanol (0.25%, 0.5% and 1%) are compared to the corresponding
values obtained in the control experiments (0% ethanol). The statistical significance of the obtained
differences is denoted as: **p<0.01; ***p<0.005; ****p<0.0001. (d) Original ERG records (b- and
d-wave), obtained during the perfusion with Ringer solution in the control period (upper row), 1%
ethanol (middle row) and Ringer solution in the recovery period (bottom row) . Calibration: time
–0.2 s; amplitude –50 µV.
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Table 1. Effects of ethanol, NMDA and combined NMDA+ethanol application on the time characteristics of the
ERG b- and d-wave (means±SEM).
Time from the beginning of
experiment
Ringer group
10 min
27 min
Ethanol group
10 min
27 min
NMDA group
10 min
13 min
27 min
NMDA+ thanol group
10 min
13 min
27 min

Latency
Implicit time Latency
Implicit time
b-wave (ms) b-wave (ms) d-wave (ms) d-wave (ms)
118±5.2
123±3.8

327±17.9
330±13.4

110±4.9
113±6.5

313±15.2
307±14.2

122±4.4
116±6.1

327±11.9
319±14.0

110±3.7
127±6.5
p<0.0005

322±16.8
377±25.3
p<0.003

115±4.9
131±5.4
p<0.034
142±5.2
p<0.0001

317±9.2
348±8.3
p<0.0005
344±8.6
p<0.0001

112±5.2
117±5.9

315±14.4
306±16.3

153±7.0
p<0.0001

314±25.2

120±5.8
131±3.8
p<0.007
125±3.7

319±14.2
374±8.5
p<0.003
353±9.9
*p<0.018

119±5.9
109±6.0

310±13.8
299±15.0

Statistics: 13th or 27th minute compared to 10th minute
*-13th and 27th minutes compared

and implicit time of the b-wave, although a tendency for their
shortening emerged (Table 1). On the other hand, ethanol caused
significant lengthening of the d-wave time parameters (Table 1).
Both the latency and implicit time of the OFF response were
significantly delayed. The amplitude of the ERG waves recovered
considerably, when the perfusion was switched again to Ringer
solution (Figure 1d).

NMDA group

Perfusion with 1 mM NMDA influenced the b- and d-wave amplitude in a way similar to that of ethanol. Although the b-wave
amplitude showed small initial diminution (lasting ~3 min), it
recovered soon and increased considerably afterwards (Figure 2a).
The NMDA enhancing effect on the b-wave amplitude was very
stable in time. During the plateau period (20th-30th min) its amplitude was significantly higher (Two-way ANOVA, p<0.0001)
compared to the corresponding values obtained in the control
group. Perfusion with NMDA altered the time characteristics of
the b-wave (Figure 2c). Both the latency and the implicit time
of the response were significantly lengthened (Table 1). In this
respect NMDA effect on the ERG ON response differed from
that obtained during the ethanol treatment. Proximal retinal
blockade with NMDA caused great diminution of the d-wave
amplitude. The effect developed very rapidly–within the first 3
minutes of the blockade it was almost fully expressed (Figure 2b).
The effect was very stable during the subsequent 10-12 minutes
and a tendency for a greater diminution emerged afterwards.
During this time period (13th-30th minute) the amplitude values
of the d-wave were significantly lower (Two-way ANOVA, p<
0.0001) than the corresponding values obtained in the control

group. The d-wave time course was not altered during the early
period of the NMDA perfusion (Table 1 see 13th minute). A
significant lengthening of the latency, but not of the implicit
time of the OFF response was later observed (Table 1 see 27th
minute). The effects of NMDA on the ERG waves were reversible
to a great extent during the subsequent perfusion with Ringer
solution (Figure 2c).

Ethanol+NMDA group

After the initial control period, the eyecups in this group were
treated with NMDA alone for 3 minutes and with combination
of NMDA and ethanol afterwards. As it could be expected from
the results of the previous group, perfusion with NMDA caused
great diminution of the d-wave amplitude without altering its
time characteristics (Figures 3b-3d) (Table 1). The b-wave amplitude was not changed during this short (3 minute) period, and
the latency and the implicit time of the response were already
significantly delayed (Figures 3b-3d) (Table 1), as expected.
Subsequent perfusion with NMDA+ethanol caused addition
diminution of the d-wave amplitude and great enhancement of
the b-wave amplitude (Figures 3a and 3b). The enhancement of
the b-wave amplitude was accompanied with significant shortening of its implicit time (Figures 3c and 3d) (Table 1). Thus,
the tendency for speeding up of the b-wave time course seen
in ethanol group was strongly expressed on the background of
proximal retinal blockade. The increase of the b-wave amplitude
during combined NMDA+ethanol treatment was significantly
greater than its increase during the perfusion with ethanol or
NMDA alone (Two-way ANOVA, p<0.0001) (Figure 4a). This
indicated that the enhancing effect of ethanol on the b-wave
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(b)

(a)

(c)

Figure 2. (a,b) Time course of the NMDA effects on
the amplitude of the ERG b- and d-wave. Results of
both control experiments (open symbols) and test
experiments (filed symbols) are represented. All
designations are the same as Figures 1a and 1b. (c)
Original ERG records (b- and d-wave), obtained during
the perfusion with Ringer solution in the control period
(upper row), NMDA (middle row) and Ringer solution
in the recovery period (bottom row). Calibration: time
–0.2 s; amplitude –50 µV.

(a) (c)

(b)

(c)

(d)

Figure 3. (a,b) Combined effects of NMDA and ethanol on the amplitude of the ERG b- and d-wave.
Results of both control experiments (open symbols) and test experiments (filed symbols) are
represented. The times, when the perfusion was switched to NMDA and NMDA+ethanol solution,
are indicated by arrows. All designations are the same as Figures 1a and 1b. (c) Original ERG records
(b- and d-wave), obtained during the perfusion with Ringer solution in the control period (upper
row), NMDA, NMDA+Ethanol and Ringer solution in the recovery period (bottom row). It can be
seen that the positive d-wave disappeared during combined NMDA+ethanol perfusion and reappeared
again in the recovery period. Calibration: time –0.2 s; amplitude –50µV. (d) Original ERG records
obtained from an experiment where a small positive d-wave was preserved during the combined
NMDA+ethanol perfusion. Calibration: time –0.2 s; amplitude –0 µV.
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amplitude was fully developed during NMDA treatment and
that it did not depend on the activity of proximal retinal neurons. The same was true for the depressing effect of ethanol on
the amplitude of the d-wave. The diminution of the d-wave
amplitude during combined ethanol + NMDA treatment was
significantly greater than that obtained during isolated ethanol
or NMDA application (Two-way ANOVA, p<0.0001) (Figure 4b).
The pure effect of ethanol on the d-wave amplitude in these
eyecups (pretreated with NMDA) was practically the same as
that obtained in the ethanol group (Figure 4c). This indicates that
the effect of ethanol on the d-wave amplitude did not depend on
the activity of proximal retinal neurons. The d-wave disappeared
during combined NMDA+ethanol treatment in some experiments and it was substituted with negative response (Figure 3c).
This fact did not allow us to measure the time characteristics of
the d-wave in all experiments. In experiments where the d-wave
was preserved, its latency and implicit time were considerably
delayed (Figure 3d), indicating that the ethanol effect on the
implicit time of the d-wave was also evident during blockade
of proximal retinal neurons. The b- and d-waves recovered to

(a)
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some extent when the eyecups were perfused again with Ringer
solution (Figure 3c).
In two experiments of this group the order of treatments was
reversed–the eyecups were perfused with ethanol for 10 minutes
firstly and with ethanol+NMDA afterwards. Ethanol caused an
increase of the b-wave amplitude and a decrease of the d-wave
amplitude (Figure 4d). The combined perfusion with ethanol
and NMDA caused an additional enhancement of the b-wave
amplitude and additional diminution of the d-wave amplitude,
which lead to full suppression of the positive OFF response
(Figure 4d). This indicated that the effects of ethanol and NMDA
on the ERG waves were independent and that ethanol did not
prevent the NMDA action on those ERG waves.

Discussion

The results obtained in this study clearly show that ethanol
enhances the b-wave amplitude and diminishes the d-wave
amplitude in all concentrations tested. It significantly slows the
time course of the OFF response and tends to speed up the time
course of the ON response. This indicates that ethanol has overall

(b)

(c)
(d)

Figure 4. (a,b) Comparison of the effects of ethanol alone, NMDA alone and combined NMDA+ethanol perfusion on the
amplitude of the ERG waves. The symbols used for the different groups are shown in the legend. (c) Comparison of the
pure effects of ethanol obtained without pretreatment of the eyecups with NMDA (EtOH vs R) and with their pretreatment
with NMDA (EtOH+NMDA vs NMDA). Each point on the curves is obtained by subtracting the d-wave amplitude at that
moment from the value measured just before the ethanol application (10th minute for ethanol group and 13th minute for
NMDA+EtOH group). All amplitudes are normalized as in (a,b). The moment of ethanol application (zero point on the
abscissa) is denoted by an arrow. (d) Original ERG records (b- and d-wave), obtained in an experiment where the eyecup
was perfused first with ethanol and with combined NMDA+ethanol afterwards. Calibration: time –0.2 s; amplitude –50 µV.
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stimulating action on the mechanisms responsible for b-wave
generation and overall depressing action on the mechanisms
responsible for d-wave generation. These opposite effects of
ethanol on the ERG ON and OFF responses are seen in general
anesthetic concentrations. The described effects of ethanol on
the ERG waves were fully preserved in eyecups treated with
high doses of NMDA in order to block the activity of proximal
retinal neurons. Perfusion with NMDA alone caused an increase
of the b-wave amplitude and a diminution of the d-wave amplitude, indicating that the activity of proximal neurons directly
contributes to generation of the d-, but not b-wave in frog
ERG. The present findings are in line with previously reported
NMDA effects on amphibian b- and d-waves [24,25,28,32] and
mammalian b-wave [33-35]. The enhancement of the b-wave
amplitude caused by NMDA has been attributed to disruption
of inhibitory pathways from proximal neurons to ON bipolars
cells, because b-wave enhancement is reversed after blockade
of GABAergic and glycinergic retinal synapses [28].
The preserved effects of ethanol on the ERG waves during
NMDA treatment indicate that these effects are independent
from the activity of proximal retinal neurons. Thus, it appears
that an action of ethanol in the distal retina is responsible for its
stimulating effect on the b-wave and its depressing effect on the
d-wave. The effect on the b-wave may be due to ethanol blockade
of inhibitory influences exerted upon the ON bipolar cells in the
outer plexiform layer. It has been shown that the enhancing effect
of ethanol on the b-wave amplitude is prevented by picrotoxin
(GABAA and GABAC receptor antagonist), but not strychnine
(glycine receptor antagonist) [11,12]. There findings indicate that
the GABAergic, but not glycinergic neurotransmitter system is
involved in ethanol action on the ERG ON response. It is known
that GABAergic horizontal cells mediate inhibitory influences
upon bipolar cells in the outer plexiform layer [for review: 15].
The significance of this distal action of GABA for the b-wave
generation in frog retina has been demonstrated in our recent
study [25]. It has been shown that the blockade of proximal
retinal activity with NMDA did not prevent the enhancing effect
of picrotoxin on the b-wave amplitude. These results suggest
that the endogenous GABA released by horizontal cells in the
distal retina has an inhibitory effect on the activity of ON bipolar
cells, whose activity is responsible for the b-wave generation. If
ethanol depresses the activity of these GABAergic horizontal
cells, the ON bipolar cells would be disinhibited and their light
responses and respectively b-wave would be augmented. The
mechanism of the suppressing effect of ethanol on horizontal
cell activity is largely unknown. It may be due to inhibition
of their non-NMDA ionotropic glutamate receptors (AMPA/
kainate) that respond to glutamate released by the photoreceptors [reviews: 36,37]. Many data indicate that ethanol reduces
AMPA and kainate currents (including synaptic responses) in
non-retinal neurons [review: 38]. If ethanol has similar actions
on horizontal cells, it could decrease their light-modulated
responses and thus diminish their inhibitory influences upon
the ON bipolar cells. The latter effect could account for the en-
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hancement of the b-wave amplitude during ethanol treatment.
The depressing effect of ethanol on the d-wave also appears
to take place in the distal retina. We have demonstrated that
the inhibitory action of ethanol on the ERG OFF response was
fully preserved during proximal retinal blockade. It has been
shown that this ethanol action was fully preserved also during
perfusion with picrotoxin [12] and strychnine [11], indicating
that it depends neither on the GABAergic nor on the glycinergic
neurotransmission in frog retina. In our previous work we have
demonstrated that the relative decrease of the d-wave amplitude
after ethanol treatment is invariant to the intensity of stimulation and to the initial amplitude of the d-wave [13]. All these
facts support the suggestion that the ethanol effect on the ERG
d-wave is due to its direct inhibitory action on the OFF bipolar
cells. The mechanism of this inhibitory action may be the same
as that on the horizontal cells - inhibition of their non-NMDA
ionotropic glutamate receptors (AMPA/kainate) that respond
to glutamate released by the photoreceptors [reviews: 36,37].
Thus, it appears that one and the same mechanism - inhibition
of non-NMDA ionotropic glutamate receptors on horizontal and
OFF bipolar cells, may be responsible for the enhancing effect
of ethanol on the ERG ON response and its depressing effect on
the ERG OFF response. The activity of metabotropic glutamate
receptors (mGluR6) that mediate the responses of the ON bipolar
cells to glutamate released by the photoreceptors [for review: 39]
is probably not inhibited by ethanol, because their inhibition
would cause diminution, but not enhancement of the b-wave
amplitude. The disturbed balance between the retinal ON and
OFF channel activity (at bipolar cell level) could contribute to
the well known suppressive effect of ethanol on the rapid temporal processing in human visual system [for review: 40]. It is
well established that OFF bipolar cells and OFF ganglion cells
response to higher frequency stimuli than their respective ON
counterparts [41,42]. If ethanol selectively diminishes the OFF
channel activity, it could lead to slower temporal processing of
visual information in the retina.
The results of the present study indicate also that ethanol does
not prevent NMDA effects on the ERG waves. This means that
ethanol does not inhibit NMDA receptor mediated currents in
proximal retinal neurons. However, some electrophysiological
as well as biochemical studies have clearly demonstrated that
ethanol inhibits NMDA receptor currents and NMDA receptor
mediated responses in non-retinal neurons [reviews: 38,43,44].
Thus, the NMDA receptor is considered one of the primary
molecular targets of ethanol in the brain. The preserved NMDA
effect on the ERG waves during ethanol treatment in the present
study is probably due to high concentration of NMDA (1 mM)
used in our experiments. Much lower NMDA concentrations
(in micromolar range) have been used in all experiments, where
the effects of ethanol on NMDA receptor-mediated responses
elicited by exogenously applied NMDA, have been investigated
[45-50]. It is largely unknown what would be the ethanol effect
on the NMDA currents of proximal retinal neurons when they
are elicited by physiological concentrations of NMDA. Further
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studies are needed to evaluate this subject.
It is known that ethanol alters membrane of the neurons as
well as their ion channels, enzymes, and receptors for some neurotransmitters (acetylcholine, serotonin, dopamine). However,
a non-specific alternation of neuronal (bipolar cell) membrane
properties could hardly account for the opposite effects of ethanol on the ERG b- and d-waves observed in the present study.
The involvement of other neurotransmitters (acetylcholine,
serotonin, dopamine) in the ethanol effects on the ERG waves
could not be rule out, but unfortunately there are no available
data concerning the interactions of ethanol with these neurotransmitters in modulating the ERG responses. Thus, discussing
their participation in the observed ethanol effects on the frog
ERG b- and d-waves would be quite speculative.

Conclusion

Our results clearly show that proximal retinal blockade does not
alter the enhancing effect of ethanol on the ERG b-wave and
its depressing effect on the ERG d-wave. These results indicate
that an action of ethanol in the distal retina is responsible for
its effects on the frog ERG waves. Further studies are needed
to elucidate the exact mechanisms underlying ethanol effects
in the distal retina.
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