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(4) 969–973, 1997.—Rats were trained to discriminate between ethanol (1.0 g/kg; 10% v/v) and saline under a
fixed ratio 10 schedule of sweetened milk reinforcement. Both diazepam [nonselective, full benzodiazepine (BZ) receptors
agonist] and bretazenil (nonselective, partial BZ receptor agonist) produced dose-dependent ethanol-appropriate responding
(

 

.

 

75%). Neither diazepam nor bretazenil affected the response rate at the doses producing maximal generalisation from eth-
anol. In contrast, zolpidem (full BZ1 receptor agonist) and abecarnil (full BZ1/full or partial BZ2 receptor agonist) produced
only moderate (

 

,

 

50%) ethanol-appropriate responding when tested up to doses that markedly decreased the overall re-
sponse rate. These results suggest that: 1) there are no major differences between full and partial, nonselective BZ receptor
agonists in their ability to substitute for 1.0 g/kg dose of ethanol; 2) stimulation of BZ1 receptors alone is not sufficient to pro-
duce ethanol-like discriminative stimulus effects in the rat. © 1997 Elsevier Science Inc.
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THE GABA

 

A

 

 receptor (the GABA-benzodiazepine (BZ) re-
ceptor/ionophore complex) has been identified as an impor-
tant target for ethanol in the central nervous system
[(13,15,23,26); for review, see (8)]. Several electrophysiologi-
cal and biochemical studies, for example, have shown that
ethanol enhances GABA-mediated inhibition of neuronal ac-
tivity and increases GABA-induced chloride flux in many, al-
though not all, brain areas (6,7,15,26). Interestingly, sensitiv-

ity of different regions of the rat brain to GABA-associated
depressant effects of ethanol seems to be correlated with zol-
pidem binding (6,7). Zolpidem (imidazopyridine derivative)
acts as a full BZ receptor agonist and shows high affinity for
GABA

 

A

 

 receptors containing an 

 

a

 

1

 

 subunit (corresponding to
the BZ1 receptor subtype) and considerably lower affinity for
receptors containing 

 

a

 

2

 

, 

 

a

 

3

 

, or 

 

a

 

5

 

 subunits (corresponding to the
BZ2 receptor subtype) (6,7,16,20). Taken together, these re-
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sults have led some authors to a hypothesis that the population
of GABA

 

A

 

 receptors with BZ1 receptor pharmacological char-
acteristics may be particularly sensitive to ethanol (6,7).

It has been suggested that a drug discrimination procedure
in animals is the closest available experimental model for as-
sessing the potential of drugs to produce subjective effects in
humans (4,10,18). This procedure is useful for identifying po-
tential receptors that mediate the stimulus effects of drugs. In
animals trained to discriminate a particular drug from vehicle,
the ability of other drugs to substitute for the training drug, or
to antagonize the effects of the training drug, can be tested
(4,10,24). In agreement with the results mentioned above,
many compounds enhancing the GABA

 

A

 

 receptor function
substitute for ethanol in the drug discrimination procedure
(1,2,11). Thus, barbiturates, benzodiazepines, and certain
neurosteroids with GABAergic properties, have consistently
been reported to produce ethanol-like stimulus effects in dif-
ferent animal species discriminating ethanol from its vehicle
(1,2,9,11,14,18,21,22).

The pharmacological characterization of the BZ receptor-
positive modulators ranges from the full or partial nonselec-
tive agonists to the selective agonists acting on a certain BZ
receptor subtype (e.g., zolpidem, see above) (5,12,16). Thus,
diazepam behaves as a full agonist at GABA

 

A

 

 receptors con-
taining 

 

a

 

1

 

, 

 

a

 

2

 

, 

 

a

 

3

 

, and 

 

a

 

5

 

 subunits, while the partial nonselec-
tive agonist, bretazenil, displays considerably lower intrinsic
activity at all of these receptors [for review, see (5,16,20)]. On
the other hand, abecarnil (

 

b

 

-carboline derivative) acts as a
full agonist at GABA

 

A

 

 receptors containing an 

 

a

 

1

 

 or 

 

a

 

3

 

 sub-
unit but as a partial agonist at receptors containing an 

 

a

 

2

 

 or 

 

a

 

5

 

subunit (5,12,16). In addition, a relative selectivity towards
the BZ1 receptor subtype has also been reported for this com-
pound (12,16).

To confirm and extend the results of previous reports
(14,18,21,22), we decided to compare the effects of different
BZ receptor agonists (i.e., diazepam, bretazenil, abecarnil,
and zolpidem) in rats trained to discriminate 1.0 g/kg ethanol
from saline.

 

METHOD

 

Subjects

 

Male Wistar rats (300–330 g at the beginning of the study),
were used. They were housed individually and maintained at
~80% of their free-feeding body weight by restricting daily
food (Bacutil, Poland) to 15–20 g. Tap water was available ad
lib. The animals were kept with standard laboratory condi-
tions at 22 

 

6

 

 1

 

8

 

C, 60% humidity, and 12-h light–dark cycle
(lights on at 0700 h). All experimental procedures were con-
ducted between 1400–1800 h. All procedures used in the study
were approved by our institutional ethical committee.

 

Drug Discrimination Procedure

 

The procedure similar to the standard fixed-ratio 10
(FR10) drug discrimination paradigm (4), was essentially the
same as the procedure used in our previous experiments with
5-HT

 

3

 

 and NMDA receptor ligands (3,24). Four standard
two-lever operant conditioning chambers (Coulbourn Instru-
ments, Inc., Allentown, PA) consisted of modular test cages
enclosed within sound-attenuated cubicles with fans for venti-
lation and background white noise. A white house light was
centred near the top of the front panel of the cage, which was
also equipped with two response levers, separated by a liquid

dipper. The liquid dipper presented sweetened milk in a 0.01
ml portion for 5 s during each operation. Experimental ses-
sions and data recording made used of the Coulbourn L91-04
interface and L2T2 software package running on a IBM-PC
compatible. Drug discrimination training began only after all
the animals responded reliably on both levers under the FR1
conditions. The number of responses for each reinforcement
was gradually increased from 1 to 10, and all subsequent train-
ing and testing sessions used the FR10 schedule of reinforce-
ment. Rats were trained to press one lever following ethanol
injections (1.0 g/kg, 10% v/v; IP) and to press the other lever
following saline vehicle injections. Injections occurred 15 min
prior to the start of 15-min sessions, which were conducted
daily (Monday–Friday) under the alternating drug sequence
(drug, drug, saline, saline, drug or saline, saline, drug, drug,
saline). The animals continued to be trained under these con-
ditions until they met, during 9 out of 10 consecutive sessions,
the following two acquisition criteria: 1) 80% or more of the
responses that occurred before the first reinforcement was
made on the correct lever; and 2) during the remainder of the
session, more than 90% of the responses were on the correct
lever. After the animals had reached the criteria, dose–
response and substitution tests were initiated. Test sessions
were conducted once or twice times per week, with training
sessions intervening during the remaining days. During test
sessions the lever on which 10 responses accumulated first was
defined as the selected lever. After lever selection the rat re-
ceived subsequent reinforcements after pressing the selected
lever only. To be tested, rats had to have reached the criteria
for at least 5 days before the consecutive test. In addition, the
data were excluded from the analysis if the rat failed to reach
the criteria for at least 2 days after the test session. In dose–re-
sponse tests, rats were tested after the administration of vari-
ous doses of ethanol doses (0.25, 0.5, 0.75, and 1.0 g/kg; 10%
v/v) 15 min before start of the test session. In substitution tests
abecarnil (0.05–0.5 mg/kg), bretazenil (1.0–10.0 mg/kg), diaz-
epam (0.5–2.5 mg/kg), and zolpidem (0.005–1.0 mg/kg), were
administered IP 30 min before start of the test session.

 

Drugs

 

Ethanol (95%) was obtained from hospital pharmacy and
diluted to the final concentration with physiological saline.
Diazepam (Polfa, Warsaw, Poland) and bretazenil (Hoff-
mann–La Roche, Basel, Switzerland) were suspended in 1%
Tween and administered in volumes of 2.0 ml/kg. Abecarnil
(Schering AG, Berlin, Germany) and zolpidem (Synthelabo,
Bagneux, France) were dissolved in saline and injected in vol-
umes of 2.0 ml/kg.

 

Data Analysis

 

The percentage of ethanol-appropriate responding was
calculated, using only the responses that occurred before the
first reinforcement, by dividing the responses made on the
ethanol-appropriate lever by the total number of responses on
both levers, and multiplying the result by 100. The operational
definition of partial stimulus substitution was 40% (or more)
of responding on ethanol-appropriate lever. The operational
definition of complete stimulus substitution was 80% (or
more) of responding on the ethanol-appropriate lever (10).
The response rates were calculated as the total number of re-
sponses (on both levers) during the session divided by the ses-
sion time in seconds. Lever selection data (but not the re-
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sponse rate data) from the test session were not included if
the rat failed to complete at least one FR10 on either lever in
15 min. ED50 and 95% confidence limits (C.L.) were calcu-
lated for the dose–response test according to the method of
Litchfield and Wilcoxon (27). Students’

 

t

 

-test two tailed was
used for comparing response rates from the test sessions.

 

RESULTS

 

All animals (

 

n

 

 

 

5

 

 12) acquired the ethanol-saline discrimi-
nation (range: 27–54 training sessions). Once the discrimina-
tions were established, rats responded with stable accuracy on
ethanol- or saline-appropriate lever (minimal mean value for
12 rats was: 92% for training sessions performed between the
drug tests). ED

 

50

 

 calculated for the dose–response tests was:
0.51 g/kg (C.L.: 0.34–0.73). None of the ethanol doses influ-
enced the response rate (data not shown).

Both diazepam and bretazenil dose dependently and al-
most completely (

 

.

 

75%) substituted for ethanol (Fig. 1, up-

per panel). Maximal substitution occurred at the doses that
did not affect the response rate (Fig. 1, lower panel). Abecar-
nil failed to substitute for ethanol. Some ethanol-appropriate
responding (although less than 40%) was observed in the
range of doses (0.1–0.5 mg/kg) strongly reducing the rate of
responding (Fig. 2). At best partial substitution was observed
for zolpidem (

 

,

 

50%) but only at the dose (1.0 mg/kg)
strongly suppressing the response rate (Fig. 2).

 

DISCUSSION

 

The results of the present study indicate that nonselective
BZ receptor agonists, diazepam and bretazenil, generalize
from ethanol in the rat. Diazepam and other nonselective full
agonists at the BZ receptor, like chlordiazepoxide or midazo-
lam, have been shown to substitute, either partially (1,2,14,
21,22) or fully (1,2,11,18,21), for ethanol in many previous
studies using different animal species. Notably, our results re-
veal that also the partial agonist at the BZ receptor, bretaze-

FIG. 1. Mean percentage (6SEM) of ethanol-appropriate responding (upper panel) and the mean (6SEM) response rate (lower panel) follow-
ing ascending doses of diazepam and bretazenil in rats trained to discriminate between 1.0 g/kg ethanol and saline (*p , 0.05, *p , 0.01). N/N—
number of rats completing the test session/number of rats tested.
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nil, may generalize from ethanol. As a matter of fact, bretaze-
nil proved to be at least equally effective as diazepam when
tested in rats trained to discriminate 1.0 g/kg ethanol from sa-
line. However, our results do not exclude the possibility that
bretazenil produces less ethanol-appropriate responding than
diazepam in rats trained with a different dose of ethanol. Both
diazepam and bretazenil were able to produce their maximal
ethanol-like stimulus effects without any reduction of the re-
sponse rate. Thus, these drugs may partially substitute for the
ethanol cue at the doses that do not disrupt a normal operant
behaviour. Several other drug discrimination studies have
shown that ethanol-like stimulus effects produced by BZ re-
ceptor agonists are not accompanied by the rate suppressing
effect [(1,14,22); but see also (18,21)].

In contrast, both abecarnil and zolpidem produced rather
modest (

 

,

 

50%) ethanol-appropriate responding and only at
the doses affecting significantly the rate of responding. These
results support, although indirectly, the belief that the subjec-
tive profile of abecarnil and zolpidem differ from that of

nonselective classical benzodiazepines (17,19,20,21,25,28). In
agreement with our findings, abecarnil produced at best a par-
tial substitution (40%) for the ethanol cue in rats trained to dis-
criminate 1.0 g/kg ethanol from saline (18). Similarly, BZ1 re-
ceptor selective, partial agonist, alpidem, failed to generalize
from ethanol in rats (18,21). Abecarnil is a partial agonist at the
BZ receptors containing 

 

a

 

2

 

 and 

 

a

 

5

 

 subunits and a full agonist at
the receptors with 

 

a

 

1

 

 or 

 

a

 

3

 

 subunits (12,16). Thus, abecarnil pos-
sesses full efficacy at the BZ1 receptor and at some of the BZ2
receptors (16). Importantly, some degree of selectivity towards
the BZ1 receptor has also been reported for abecarnil (5,12).
These results taken together with the findings from the present
study (Fig. 2) suggest that stimulation of the GABA

 

A

 

 receptor
population with BZ1 receptor pharmacological characteristics
is not sufficient to produce the ethanol-like discriminative stim-
ulus effects in rats. This could lead to the hypothesis that
GABA

 

A

 

 receptors with BZ2 receptor pharmacological charac-
teristics are mainly involved in the formation of the ethanol cue.
Interestingly, it has been hypothesized on the basis of the corre-

FIG. 2. Mean (6SEM) percentage of ethanol-appropriate responding (upper panel) and mean (6SEM) response rate (lower panel) following
ascending doses of abecarnil and zolpidem in rats trained to discriminate 1.0 g/kg ethanol from saline (*p , 0.05, *p , 0.01). N/N—number of rats
completing the test session/number of rats tested.
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lational studies, that the stimulus effects of chlordiazepoxide are
mediated through BZ2 receptors (19,20). Alternatively, nonse-
lective agonistic effects at different subtypes of the GABA

 

A

 

 re-
ceptor complex are optimal for generalization from ethanol.

Concluding, the findings from this and previous studies
(18,21) argue against the hypothesis, that the zolpidem-bind-
ing GABA

 

A

 

receptor population (corresponding to the BZ1
receptor pharmacological properties) is preferentially in-
volved in the central effects of ethanol (6,7). However, further
studies using different in vivo procedures are needed to con-

firm or exclude the preferential involvement of any particular
GABA

 

A

 

 receptor population in central effects of ethanol.
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