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PALLARES, M. A., R. A. NADAL AND N. S. FERRE. Effects of oral ethanol self-administration on the inhibition
of the lever-press response in rats. PHARMACOL BIOCHEM BEHAV 43(2) 589-595, 1992.—The effects of ethanol on
the inhibition of a learned response were examined in adult, male Wistar rats from two treatment groups: oral self-
administration of alcoholic solution (10% ethanol and 10% glucose in distilled water) and oral self-administration of sweet
solution (10% glucose in distilled water). Subjects were food deprived and alcoholic or control solutions were available 1 h
per day during 15 days. After this period, rats were tested in a two-bottle paradigm during 1 h per day and placed in the
operant chambers immediately afterward. This phase went on for 19 days. Subjects were trained to lever press for food and
were tested in a continuous reinforcement schedule, operant extinction, successive discrimination, and two-stimuli tests.
Alcohol impaired the ability to inhibit previously reinforced responses but only in situations indicated by exteroceptive
stimuli, Ethanol intake did not impair the lever-press behavior neither in the acquisition of the response nor in the continuous
reinforcement schedule. These data suggest that the sedative effects of alcohol at this dose were not apparent in reinforcement
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situations, in contrast with extinction situations.
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SEVERAL studies of ethano!’s effects on learned behavior in
maze tests have reported that when alcohol is administered
rats show an impaired ability to change their response when
the contingencies paired with the stimuli change (2,4,24). This
impairment in the flexibility of the response has also been
reported in rabbits (11,12) in a pavlovian conditioning situa-
tion (eye-blink conditioning). Also, this effect of alcohol has
been shown in rats both in runway (37) and in operant cham-
bers (38).

Some authors (2) have proposed that this phenomenon
could be considered as a “proactive interference” and it would
be due to a memory problem. To support this, said authors
reported that rats that had been administered ethanol and
showed a learning impairment also showed a decrease in the
number of neurons in hippocampus and mammillary bodies
(2). Later, the same authors reproduced the same neuronal
injuries with kainic acid and reported that their rats showed
the same learning problems (1).

Our experimental hypothesis proposes that ethanol pro-
duces a specific impairment of the subjects’ capability to in-

hibit their previously reinforced responses, and the previous
results could be reflecting this effect. We performed the pres-
ent experiment to show the negative effect of ethanol on the
inhibition of lever-press behavior.

This present investigation involves a between-groups study
in Wistar rats, and the inhibitory learning was tested by means
of operant extinction, successive discrimination, and two-
stimuli tests it the Skinner box.

Operant extinction can be considered as an inhibition pro-
cess of a previously learned response, where the only extero-
ceptive stimulus is the absence of reinforcement (10,22,23).
However, operant discrimination usually involves a positive
stimulus indicating the reinforced situation (23,34) and a nega-
tive stimulus indicating the extinction situation (5,14,34),
which can be presented successively. The two-stimuli test, pro-
posed by Pavlov (28) as a test for inhibitory stimulus control,
was adapted to the operant conditioning (31) and may be
considered a good measure of the inhibitory control of a stim-
ulus paired with the extinction (10).

We achieved oral intake of a sweet alcoholic solution by
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means of food deprivation and access to the solution limited
to once per day. Sweet solutions (19), food deprivation
(19,20,26), and limited access (18,19,25) have been used suc-
cessfully by several investigators.

METHOD

Subjects

Fifty-five male Wistar rats were individually housed in a
temperature-controlled environment on a 12 L: 12 D cycle
with lights on at 8:00 a.m. Subjects has continuous access to
food and water in their home cage, except where otherwise
noted, and weighed 270-452 g at the beginning of the experi-
ment. Thirty rats were assigned at random to the experimental
group and 25 to the control group.

Apparatus

Behavioral testing was conducted in two operant chambers
(Ralph Gerbrands Co., Arlington, MA) encased in sound-
attenuating cubicles. The chambers were fitted with a center
lever placed 7.5 ¢cm from the floor. The food cup was con-
nected to a pellet dispenser that delivered 45-mg food pellets
(Noyes). A 12-V light was situated 3 cm above the lever and 4
cm to the right. A 6-V buzzer (60 dB) was situated 3 cm above
the lever and 4 cm to the left.

Procedure

All rats were food deprived until they reached less than
80% of their free body weight (minimum 75%, maximum
80%). This phase went on for 10 days.

Following this period, experimental subjects received a bot-
tle containing a sweetened alcoholic solution (10% ethanol +
10% glucose in distilled water) and control subjects received a
sweet solution (10% glucose in distilled water) in their home
cage during 1 h per day. When this bottle was removed, sub-
jects received a single water bottle and the daily maintenance
food. This phase went on for 15 days.

After this period, a two-bottle phase was conducted for 19
days. In this phase, subjects received the bottle containing
alcoholic or control solution (depending upon the group) and
the water bottle during 1 h per day (with the same concentra-
tions as in the induction phase). The two bottles were situated
at random each day to avoid place effects. Immediately after
this hour, subjects were placed in the operant chambers.

The learning program went on for 19 days and was made
up of the bar-pressing shaping (1 session), continuous rein-
forcement schedule (4 sessions), operant extinction (2 ses-
sions), successive discrimination (10 sessions), and two-stimuli
test (2 sessions).

The bar-pressing shaping was performed using an auto-
matic procedure (6,7). If the subject did not emit 10 responses
(acquisition criterion) in the first session, it underwent a sec-
ond one (this session replaced the first one of continuous rein-
forcement schedule).

The continuous reinforcement sessions were stopped after
30 min or when subjects had obtained 120 pellets. The lever-
press shaping and the continuous reinforcement schedule were
performed with the light on.

The 30-min operant extinction sessions were conducted
with the light off.

The operant discrimination alternated successively rein-
forcement periods (discriminative stimuli = light on +
buzzer off) with extinction periods (negative discriminative
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stimuli = light off + buzzer on). The sessions were always
started and finished with the positive stimulus. The duration
of the 10 sessions was: 48, 24, 33, 37, 27, 28, 36, 24, 22, and
30 min. The positive discriminative stimulus duration range
was between 48 s and 5 min 16 s, and the negative discrimina-
tive stimulus between 2 min 26 s and 7 min 6 s. The ratio
between the two situations ranged from 60%(S+)
—40%(S—)to 43%(S+) —57%(S ).

The two-stimuli sessions went on for 30 min. In this test,
the two discriminative stimuli (positive and negative) were
present (light and buzzer on ) and there was no reinforcement
(extinction situation).

For data analyses, we used the SPSS* package. In the first
place, for the mixed analyses of variance (MANOVAs)
(groups X dependent variable ranks) we used the MANOVA
program. In all cases (continuous reinforcement, extinction,
successive discrimination, and two-stimuli tests), there was
not homogeneity of variances between groups. Thus, we used
a MANOVA for the evolution of the dependent variable
across the sessions within each group (MANOVA/POLYNO-
MIAL). For the comparison of the dependent variable each
day between groups, we used Student’s #-test or the nonpara-
metric Kruskal-Wallis test (x°) instead of the #-test when there
was not homogeneity of variances or when some variable did
not show a normal distribution.

RESULTS

Solution Intake

In the experimental group, all subjects ingested high
amounts of ethanol, which produced ataxic effects (average
dose of the 15 sessions: mean = 2.9 g/kg, SE = 0.18). Etha-
nol intake increased significantly through the 15 days of this
phase. [MANOVA/POLYNOMIAL/contrast 2, F(14, 0.05)
= 63.7, p < 0.001]). See Table 1 for the means of the 15
sessions.

In the two-bottle period, experimental subjects ingested
ataxic amounts of ethanol as in the last days of the induction
phase (average dose of the 19 sessions: mean = 3.6 g/kg, SE

TABLE 1

MEAN ETHANOL DOSE (g/Kg) IN
THE INDUCTION PHASE

Sessions Mean SD SE
1 1.38 1.02 0.19
2 2.05 1.27 0.23
3 2.33 1.23 0.22
4 2.68 1.22 0.22
5 2.94 1.36 0.25
6 2.79 1.18 022
7 3.02 1.52 0.28
8 3.16 1.33 0.24
9 2.82 1.45 0.26

10 3.18 1.19 0.22

11 3.10 1.38 0.25

12 3.48 1.24 0.23

13 3.40 1.58 0.29

14 3.48 1.33 0.24

15 3.63 1.33 0.24

Values are reported from the experimental
group (n = 30).
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TABLE 2
CALORIC VALUE OBTAINED FROM THE SOLUTION (Kcal.)

Experimental Group Control Group
Sessions Mean SD SE Mean SD SE
1 11.72 4.52 0.83 11.04 4.02 0.80
2 11.44 4.49 0.82 11.04 3.82 0.76
3 11.78 4,92 0.90 11.66 3.55 0.71
4 10.90 4,01 0.73 11.92 3.10 0.62
5 11.41 4.33 0.79 11.98 3.78 0.76
6 11.41 4.89 0.89 11.87 3.14 0.64
7 11.84 4.00 0.73 10.91 4.24 0.85
8 12.94 4.80 0.88 11.18 2.61 0.52
9 10.25 4.04 0.74 11.29 3.12 0.62
10 11.72 4.50 0.82 11.66 3.92 0.79
11 12.38 4.51 0.82 11.73 4.03 0.84
12 12.69 4.72 0.86 11.07 3.63 0.73
13 13.54 4.22 0.77 11.75 3.08 0.62
14* 13.35* 4.04 0.74 11.36* 2.82 0.57
15 12.60 4.26 0.78 11.30 2.67 0.53
16 13.22 4.64 0.85 11.28 3.19 0.64
17* 13.41* 4.27 0.78 10.91* 2.7 0.54
18 13.19 4.64 0.85 11.52 2.81 0.56
19 11.53 3.78 0.69 10.74 3.03 0.61

Experimental group (n = 30). Control group (n = 25). *p < 0.05 (Statistically

significant).

= 0.18). Ethanol intake remained steady throughout the 19
sessions of this period. The preference index for ethanol solu-
tion over water was high in all days of this phase (over 90%).

Subjects of the control group ingested high amounts of
glucose solution, especially in the two-bottle phase (average
volume of the 19 sessions: mean = 29.26 ml, SE = 1.26),
and did so in greater amounts, x°(1, 0.05) = 39.75, p <
0.0001, than the average alcoholic solution intake in experi-
mental rats (mean = 13.02 ml, SE = 0.67). We calculated
the caloric value of the solutions ingested by subjects of the
two groups, considering that ethanol has 7 Kcal/g and glucose
3.87 Kcal/g. The average Kcal of the 19 sessions in the experi-
mental group were mean = 12.17, SE = 0.63, and in the con-
trol group mean = 11.38, SE = 0.49. On average, there were
no significant differences between groups. On the other hand,
the caloric value was greater in experimental rats in the 14th
session, #(53, 0.05) = 2.14, p < 0.05, and 17th, %1, 0.05)
= 5.98, p < 0.05, but there were no significant differences
in the remaining ones. See Table 2 for the means of the 19
sessions.

Shaping and Continuous Reinforcement Schedule

Data analyses revealed that animals of the experimental
group performed the 1st (mean = 3.2, SE = 0.99) and 10th
(mean = 10.58, SE = 1.14) responses with shorter latency in
seconds [Ist, ¥°(1, 0.05) = 5.4, p < 0.05, 10th, (1, 0.05)
= 14.6, p < 0.001] than control rats (1st, mean = 6.08, SE
= 1,32, 10th, mean = 20.89, SE = 2.3), and the mean rate
of response was greater, #(53, 0.05) = 2.78, p < 0.01, in ex-
perimental rats (mean = 31,33, SE = 2.66) than in control
rats (mean = 21.64, SE = 2.25).

Continuous reinforcement data analyses revealed that ex-
perimental rats presented shorter latencies than control rats in
performing the 1st response in the 1st session [experimental

group (EG), mean = 0.26, SE = 0.06, control group (CG),
mean = 0.85, SE = 0.21, x*(1, 0.05) = 17.16, p < 0.001]
and 2nd session [EG, mean = 0.04, SE = 0.006, CG, mean
= 0.17, SE = 0.05, (1, 0.05) = 11.78, p < 0.001] and the
10th response in the 2nd session [EG, mean = 0.53, SE =
0.04, CG, mean = 0.85, SE = 0.14, x*(1, 0.05) = 5.38,
p < 0.05] and 4th session [EG, mean = 0.48, SE = 0.06,
CG, mean = 0.6, SE = 0.07, x’(1, 0.05) = 4.84, p < 0.05].
Also, there were no significant differences between groups in
the mean rate of response.

Operant Extinction

Data analyses showed that experimental rats presented
shorter latencies than control rats in performing the 1st re-
sponse in the 1st session (EG, mean = 0.023, SE = 0.005,
CG, mean = 0.082, SE = 0.027, x’(1, 0.05) = 4.23, p <
0.05] and the 10th response in the 2nd session [EG, mean =
1.22, SE = 0.14, CG, mean = 1.88, SE = 0.25, x’(, 0.05)
= 4.32, p < 0.05]. On the other hand, control subjects per-
formed significantly more responses than experimental sub-
jects in the first, #53, 0.05) = 2.6, p < 0.05, and second,
(1, 0.05) = 6.31, p < 0.05, sessions. These results are
shown in Fig. 1.

Successive Discrimination
The discrimination index (DI) was obtained from the fol-
lowing formula:

DI = (total responses in presence of the positive stimulus/
total responses) X 100.

The average DI (10 days) was greater in control than experi-
mental rats, #(53, 0.05) = 2.42, p < 0.05. The DIs differed
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FIG. 1. Number of responses in the two sessions of the extinction
phase. EG, experimental group; CG, control group. *p < 0.05.

partly because control subjects responded at a greater rate
than experimental subjects during positive periods, in addition
to their responding less than experimental rats during negative
periods. Control subjects showed a significantly greater dis-
crimination index than experimental subjects in the first, #(53,
0.05) = 2.85, p < 0.01, 8th, x*(1, 0.05) = 6.73, p < 0.01,
and 9th, #(53, 0.05) = 2.48, p < 0.05, sessions. In the re-
maining sessions, the discrimination index was always greater
in control rats although it did not reach statistical significance.
These results are shown in Fig. 2.

The number of responses in the presence of the negative
discriminative stimulus did not show significant differences
between the two groups, but experimental rats performed a
significantly higher rate of response in the first, #(53, 0.05)
= 2.65, p < 0.05, and eighth, x*(1, 0.05) = 3.95, p < 0.05,
sessions. In the remaining sessions, the number of responses
was always greater in experimental rats although these differ-
ences were not significant. These results are shown in Fig. 3.

The average number of responses in the presence of the
positive discriminative stimulus was greater in control than
experimental rats, #(53, 0.05) = 2.69, p < 0.01. These dif-
ferences were significant in the following sessions: p < 0.05
in the 2nd, #(53, 0.05) = 2.4, 4th, #(53, 0.05) = 2.63, and
8th, #(53, 0.05) = 2.58; p < 0.01 in the 5th, #(53, 0.05) =
3.19, 7th, #53, 0.05) = 3.26, and 10th, #(53, 0.05) = 2.95;
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and p < 0.001 in the 6th, #(53, 0.05) = 15.12, and 9th, #(53,
0.05) = 3.53. These results are shown in Fig. 4.

Two-Stimuli Tests

There were no significant differences between the two
groups as to the number of responses and the time needed to
perform the 1st response, but experimental subjects presented
shorter latency than control rats in performing the 10th re-
sponse, in the 1st [EG, mean = 0.40, SE = 0.08, CG, mean
= 0.65, SE = 0.11, x*(1, 0.05) = 9.27, p < 0.01] and 2nd
[EG, mean = 1.19, SE = 0.28, CG, mean = 2.5, SE = 0.4,
#(53, 0.05) = 2.74, p < 0.01] sessions.

On the other hand, there were no differences between the
number of responses in the first and second sessions in experi-
mental subjects, but the number of responses in the first ses-
sion was significantly greater than in the second session, #(53,
0.05) = 3.85, p = 0.001, in control rats. These results are
shown in Fig. 5.

DISCUSSION

In the present experiment, we obtained an oral ethanol
self-administration in our experimental rats, increasing as the
days went by. In the induction phase, the highest average dose
was 3.5 g/kg/h, and in the two-bottle phase alcohol intake
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FIG. 2. Discrimination index (total responses in presence of the posi-
tive stimulus/total responses) x 100. DI, discrimination index; EG,
experimental group; CG, control group. *p < 0.05; **p < 0.01; (*),
a tendency to be significant.
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FIG. 3. Response rate in presence of the negative stimulus. EG, ex-
perimental group; CG, control group. *p < 0.05; (*), a tendency to
be significant.

remained steady. Ethanol intake was high because experimen-
tal rats showed ataxic effects as activity decrease, muscular
relaxation, and loss of fine motor control. However, lever-
response acquisition, measured as the time needed to perform
the 1st response, the time needed to perform the 10th re-
sponse, and the rate of response, was not impaired. It seems
that the alcoholic dosage ingested by our rats did not have any
negative effect on the ability to acquire an operant appetitive
response. Surprisingly, experimental subjects performed the
bar-pressing acquisition (latencies and response rate) and the
continuous reinforcement schedule (latencies) better than con-
trol subjects. This fact cannot be due to a motivational differ-
ence because the caloric intake obtained from the solutions
was similar for both groups (see Table 2). Nevertheless, the
phenomenon of “empty calories,” well documented in human
alcoholics (8,17) could be involved. Therefore, it has been
proposed that in the rat the ingestion of alcohol together with
an oral glucose load could trigger a reactive hypoglycemia
(16). On the other hand, alcohol has anxiolytic effects
(30,35,36) and this fact could have shortened the latency in
performing the first lever-press response.

In the operant extinction, rats have to inhibit a response
they made in a preceding situation of reinforcement. Consid-
ering the number of responses, Fig. 1 shows results opposed
to the predictions of our hypothesis: Control rats made more
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responses than experimental rats. This could be due to the
well-documented depressing effects of ethanol on behavior
(15,21,29,32). Nevertheless, alcohol’s depressing effects
showed on the response rate did not appear in either the shap-
ing session or continuous reinforcement schedule. The critical
factor for the appearance of depressing effects seems to be
the absence of the reinforcement because in situations where
the reinforcement was available these effects did not appear.

On the other hand, results showed that experimental rats
presented shorter latencies than control rats in making the 1st
and 10th responses, just as in the shaping session and continu-
ous reinforcement schedule.

Our results about the response rate in the operant extinc-
tion tests are opposed to the results of other authors (11,12)
working in pavlovian conditioning under stimulus control, yet
this is not so in instrumental extinction (21). Pavlovian extinc-
tion is under stimuli control, as well as the negative compound
of the successive discrimination (23).

In a discrimination schedule, rats perform a response in
the presence of a certain stimulus and inhibit their response in
the presence of a different stimulus. So, the discriminative
training provides excitatory control from the positive stimulus
and inhibitory control from the negative stimulus because of
the differential reinforcement (34).

Figure 2 shows that the discrimination index was always
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FIG. 4. Number of responses in presence of the positive stimulus.
EG, experimental group; CG, control group. *p < 0.05; **p < 0.01;
s*2p < 0.001.
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FIG. 5. Evolution of the number of responses in the two sessions of
the two-stimuli test. EG, experimental group; CG, control group. —,
significant evolution.

greater in control than in experimental subjects although this
difference was statistically significant only in the first, eighth,
and ninth sessions. This fact suggests that the differences be-
tween groups did not alter throughout the training. On the
other hand, the results of the first day of discrimination sched-
ule are in agreement with several studies (2,4,24) because the
curves between the two groups look perfectly parallel, suggest-
ing that the groups learned at the same rate but just started at
different beginning levels. Nevertheless, according to our hypo-
thesis this impairment in the change of contingencies learning
could be dueto an impairment in the inhibition of the previously
reinforced response more than to a memory interference, which
is proposed by the above-mentioned authors.

The impairment in the discrimination index is not due to
alcohol’s depressing effects because experimental rats made
more responses than control rats in the presence of the nega-
tive discriminative stimulus (see Fig. 3). These results are dif-
ferent from the operant extinction results and could be due to
the stimuli control. It seems that the negative effects of etha-
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nol on the response inhibition only appear in tests that involve
exteroceptive stimuli.

With regard to the extinction phase, we used the light off
to potentiate the response decrease. Nevertheless, we consider
this phase a situation without stimuli control because it is
generally assumed that this kind of control is acquired by
means of a conditioning process (9,34) and requires the pre-
sentation of the negative stimulus paired with the contingency
of no reinforcement (13), as well as the successive or simulta-
neous presentation of the positive stimulus paired with the
contingency of reinforcement (33). In our experiment, there
was no differential reinforcement in the extinction phase, in
contrast with the successive discrimination phase. For these
reasons, we consider that our rats did not acquire the stimuli
control in this phase. On the other hand, with regard to the
subsequent discrimination schedule acquisition a previous
extinction with light on would have been worse than with
light off.

Figure 4 shows that control subjects made more responses
in the presence of the positive discriminative stimulus than
experimental rats. These results differ from those obtained
from the continuous reinforcement schedule and show a posi-
tive contrast phenomenon that is well described in operant
discriminations (3,33,34). Subjects have approximately half
the time to get to the reinforcement, and they increase their
response in the positive periods. This greater increase in con-
trol rats shows that they reached higher acquisition levels than
experimental rats in the successive discrimination.

The two-stimuli test involves the presence of both discrimi-
native stimuli (positive and negative), and we would have to
show ethanol’s effects on the inhibition of response in accor-
dance with the successive discrimination. In these tests, there
were no significant differences between groups in the number
of responses, but the two groups had a different evolution
from the first session to the second one. Control rats showed
a significant decrease in the number of responses from the
first session to the second, as was expected, whereas experi-
mental rats showed a slight decrease that did not reach statisti-
cal significance. Comparing Figs. 1 and §, it can be observed
that the very presence of the two exteroceptive stimuli implied
an inversion of the results: In operant extinctions, control
subjects performed more responses than experimental rats
(these differences were statistically significant), but in two-
stimuli tests experimental rats made more lever-press re-
sponses than control subjects (although these differences did
not reach statistical significance).

We could consider that these results are due to a general
deterioration of the memory because of the chronic ethanol
intake. Nevertheless, the negative effects of alcohol have only
been shown in the successive discrimination and two-stimuli
test. If these results had been caused by a nonspecific memory
worsening, we would have obtained an impairment both in
the continuous reinforcement and extinction test (in all learn-
ing tests).

In summary, the results of this experiment suggest that oral
ethanol self-administration specifically impairs the ability to
inhibit a previously reinforced response, but only in situations
indicated by exteroceptive stimuli. In absolute reinforced re-
sponse situations, ethanol does not impair the acquisition of
the lever-press response, whereas in extinction situations, not
paired with exteroceptive stimuli, alcohol’s depressing effects
appear.

These results could explain the well-known desinhibitory
effects of alcohol in humans (27), which could be due to this
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impaired ability to inhibit previously reinforced responses in-
dicated by exteroceptive stimuli, especially if we consider that,
in most cases, human behavior is closely related to environ-
mental cues.
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