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Rapid communication

Transduction of the discriminative stimulus effects of zolpidem by
GABA ra1 receptorsA
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Abstract

Ž .Zolpidem is an imidazopyridine with high affinity at g-aminobutyric acid GABA receptors expressing a1 subunits. In squirrelA A
Ž .monkeys trained to discriminate a high dose of zolpidem G3.0 mgrkg from saline, zolpidem and another GABA ra1 receptor-prefer-A

ring agonist, zaleplon, substituted dose-dependently for zolpidem, whereas the non-selective agonists diazepam and triazolam were did
not substitute at any dose tested. These findings offer the first evidence for a selective role of GABA ra1 receptors in the interoceptiveA

effects of high doses of zolpidem. q 2000 Elsevier Science B.V. All rights reserved.

Keywords: Zolpidem; Benzodiazepine; Drug discrimination

Zolpidem is an imidazopyridine that acts as an agonist
at benzodiazepine receptors associated with the g-amino-

Ž .butyric acid GABA receptor ionophore. The receptor-A A

binding profile of zolpidem differs from conventional ben-
zodiazepines in that it displays the highest affinity at
GABA receptors expressing a1 subunits and relativelyA

low affinity at receptors expressing a2, a3 and a5 sub-
Ž .units Luddens et al., 1995 . However, when trained as a¨

discriminative stimulus, the effects of zolpidem at low to
intermediate doses overlap completely with those of con-

Žventional, non-selective benzodiazepines agonists Sanger
.and Zivkovic, 1986; Rowlett et al., 1999 , suggesting that

the discriminative stimulus effects of zolpidem may be
mediated at multiple GABA receptor subtypes.A

Previous research has shown that pharmacological
specificity of the discriminative stimulus effects of benzo-
diazepine agonists can depend critically on the dose of

Ždrug used to establish the discrimination Lelas et al.,
.2000 . In this regard, fewer drugs typically substitute for

the training stimulus at high compared to low training
Ž .doses Sannerud and Ator, 1995; Lelas et al., 2000 . Based
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on this observation, the present study investigated the
apparent specificity of the discriminative stimulus effects
of zolpidem in squirrel monkeys trained to discriminate a

Ž .relatively high dose of zolpidem G3.0 mgrkg and then
tested with a range of doses of zolpidem, another preferen-

Žtial GABA ra1 receptor ligand, zaleplon Damgen andA
.Luddens, 1999 , and the conventional, non-selective ben-¨

zodiazepine agonists, triazolam and diazepam.
Ž .Four adult male squirrel monkeys Saimiri sciureus ,

weighing 720–900 g at the beginning of the study, were
trained to discriminate zolpidem from saline under a 10-re-
sponse, fixed ratio schedule of food reinforcement. Proce-
dures used to implant catheters and maintain the discrimi-
native stimulus effects of zolpidem were identical to those

Ž .described previously Rowlett et al., 1999 , except that the
training dose was increased from 1.0 to 3.0 or 5.6 mgrkg.
Drug test sessions, in which 10 presses on either lever
resulted in delivery of food, were conducted only if G80%
of responses were made on the injection-appropriate lever
during at least four of the preceding five training sessions.
The ability of a drug to substitute fully for zolpidem was
analyzed based on the average maximum of the percentage
of drug-lever responding for zolpidem at the training dose.
Results from tests with the training dose were averaged for
each monkey and a group mean with 95% confidence

Ž .interval CI was computed. A drug was considered to
have achieved full substitution if its average zolpidem-lever
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ŽFig. 1. Discriminative stimulus effects mean percentage of drug-lever
. Žresponding"SEM of benzodiazepine agonists in squirrel monkeys Ns

.4 trained to discriminate 3.0 or 5.6 mgrkg of zolpidem from saline.
Dashed horizontal lines represent the 95% CI for percentage of drug-lever
responding during test sessions with the training dose of zolpidem.

responding fell within the 95% CI. Mean response rates
Ž .responses per second were calculated for test compounds,
and drug-lever responding was calculated only if rates of
responding were greater than 0.1 responsesrs.

During training, all monkeys responded predominantly
Ž .on the zolpidem lever means87% at either 3.0 or 5.6

mgrkg. Higher training doses were not studied because
they severely suppressed or eliminated responding in pilot
experiments. Under test conditions, increasing doses of
zolpidem engendered corresponding increases in drug-lever

Ž .responding Fig. 1 , achieving full substitution for the
training condition with cumulative test doses of 3.0 mgrkg
or higher. Dose-related increases in drug-lever responding
and full substitution for the zolpidem-training dose also
were observed with zaleplon under identical test conditions
Ž .Fig. 1 . In contrast, diazepam and triazolam engendered
inconsistent zolpidem-lever responding that did not reach
zolpidem-like levels up to doses that suppressed respond-

Ž .ing in at least half the subjects Fig. 1 .
In a previous study in which 1.0 mgrkg of zolpidem

was trained as a discriminative stimulus, the non-selective
benzodiazepine agonists diazepam and triazolam engen-

Ždered full zolpidem-appropriate responding Rowlett et al.,
.1999 , indicating considerable overlap in the interoceptive

effects of zolpidem and conventional benzodiazepine ago-
nists. By increasing the training dose of zolpidem, the
present study demonstrates an increase in the pharmaco-
logical specificity of the zolpidem-discriminative stimulus,

based both on the ability of another GABA ra1 receptorA

agonist to substitute for zolpidem and the failure of the
non-selective agonists triazolam and diazepam to engender
consistent zolpidem-appropriate responding. These find-
ings provide the first evidence for the selective involve-
ment of a1 subtypes of GABA receptors in the transduc-A

tion of the discriminative stimulus effects of zolpidem at
high doses. The failure of triazolam and diazepam to
engender consistent zolpidem-lever responding also im-
plies that activation of GABA receptors expressing sub-A

units other than a1 may be inhibitory with respect to
transduction of a1-mediated discriminative stimulus ef-
fects.
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