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269, 1998.—Zolpidem, an imidazopyridine that purportedly binds selectively to certain GABA

 

A

 

 receptor
subtypes, is the most commonly prescribed hypnotic. The present article critically reviewed the extant experimental literature
to determine whether the behavioral pharmacologic profile of zolpidem also differs from that of benzodiazepines. Specific
topics that are reviewed include: 1) reinforcing effects and abuse potential, 2) discriminative-stimulus effects, 3) subject-rated
drug effects, 4) performance-impairing effects, 5) tolerance-producing effects, and 6) physiological dependence-producing ef-
fects. Studies that employed both nonhumans and humans are reviewed. Based on the available literature, the most parsimo-
nious conclusion is that despite its unique neuropharmacological profile, the behavioral effects of zolpidem are generally sim-
ilar to those of benzodiazepines. However, it is important to note the dearth of perspective, experimental studies that directly
compared zolpidem and a benzodiazepine. Because of the clinical relevance and paucity of published studies, future research
should focus explicitly on assessing the reinforcing effects, abuse potential, performance-impairing effects, tolerance-produc-
ing effects, and dependence-producing effects of zolpidem relative to a benzodiazepine. Important issues such as the selection
of an appropriate comparison drug and subject population, and the doses tested needed to be considered in these future
studies. © 1998 Elsevier Science Inc.
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ZOLPIDEM (AMBIEN

 

®

 

), an imidazopyridine hypnotic, was
introduced into clinical practice in the United States in 1992
and is now the most commonly prescribed hypnotic (15).
Zolpidem is clinically effective, safe, and well tolerated (67,
76,79,97,129). Zolpidem also has a favorable pharmacokinetic
profile for use as a hypnotic in that it is rapidly absorbed and
eliminated (34,70,118). These characteristics undoubtedly
contribute to zolpidem’s popularity.

The hypnotic actions of zolpidem, like benzodiazepine
hypnotics, are mediated at the benzodiazepine recognition
site of the GABA

 

A

 

 receptor complex (52,128). However, the
neuropharmacological profile of zolpidem is somewhat differ-
ent from that of most benzodiazepines (1,5–7,9,11,21,56,74).
For example, zolpidem binds with low affinity to 

 

a

 

5

 

-contain-
ing GABA

 

A

 

-receptor subtypes (9). Triazolam and diazepam,
two benzodiazepines, bind with high affinity to these
GABA

 

A

 

-receptor subtypes. Interestingly, 

 

a

 

5

 

-containing sub-
types constitute a significant proportion of GABA

 

A

 

 receptors
in brain regions (i.e., hippocampus) thought to mediate com-
plex behavioral processes such as learning and memory (78).

The functional significance of zolpidem’s unique neuro-
pharmacological profile is unclear. The present article criti-
cally reviewed the extant experimental literature to determine
whether the behavioral pharmacologic profile of zolpidem
differs from that of benzodiazepines. Specific topics that are
reviewed include: 1) reinforcing effects and abuse potential,
2) discriminative-stimulus effects, 3) subject-rated drug ef-
fects, 4) performance-impairing effects, 5) tolerance, and 6)
physiological dependence. Some of these topics have been re-
viewed separately (68,75,138). The present article differs from
these previous reviews in that it integrates each of these topics
in to a single manuscript and focuses on studies that compared
zolpidem and a benzodiazepine. Finally, the present review
identifies questions that remain unanswered, as well as areas
that require additional research.

References were obtained from a MEDLINE (1976–1997)
search that used the term “zolpidem,” and from the citation
lists of original research articles. Studies that used nonhumans
and humans are reviewed. Where possible, this review focuses
on prospective, laboratory, or clinical studies that compared
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zolpidem and a benzodiazepine. Retrospective studies and
case reports are not reviewed.

 

REINFORCING EFFECTS AND ABUSE POTENTIAL

 

Commonly used benzodiazepine, nonbenzodiazepine and
over-the-counter hypnotics have at least some abuse potential
(4,50,85,100,152,153). Most notably, the nonmedical use of
benzodiazepines at supratherapeutic doses is common among
individuals with histories of ethanol, opioid, and sedative de-
pendence (10,20,26,50,51,55,80,87,88,98,135,140).

The reinforcing effects of a drug may be the single most
important determinant of its abuse potential. Preclinical stud-
ies with laboratory animals typically assess a drug’s reinforc-
ing effects by determining whether it maintains self-adminis-
tration (12,13,46). In a typical self-administration experiment,
animals receive administrations of drug or vehicle (i.e., pla-
cebo) contingent on emitting a response (e.g., lever press).
Drugs that maintain rates of self-administration greater than
those observed with vehicle are deemed to be reinforcers. Im-
portantly, there is a high degree of concordance between
drugs that function as reinforcers in laboratory animals and
those that are abused by humans (32).

Self-administration procedures adapted for use with hu-
mans are sometimes used to determine the relative reinforc-
ing effects of commonly prescribed hypnotics (4,50,100,101).
More often, however, human laboratory studies indirectly as-
sess the reinforcing effects of a drug using subject ratings (e.g.,
ratings of “drug liking”). Individuals with histories of ethanol
or drug abuse are usually employed as subjects in these stud-
ies because they may be at increased risk to abuse anxiolytic/
hypnotic compounds (24,29). Commonly abused sedatives
generally increase ratings of “drug liking” as a function of
dose in individuals with histories of ethanol or drug abuse,
and there is a reasonably good correspondence between these
ratings and the reinforcing effects of these drugs (24,29,99,
101,144).

Below, studies that compared the reinforcing effects and
abuse potential of zolpidem are reviewed. Pharmacokinetic
and physiochemical characteristics of zolpidem that may con-
tribute to its reinforcing effects and abuse potential are then
discussed.

 

Studies Conducted With Laboratory Animals

 

To the best of this author’s knowledge, there is only one
published study that compared rates of self-administration
maintained by zolpidem and triazolam (49). In this experi-
ment, separate groups of baboons initially trained to self-
administer cocaine (0.32 mg/kg/injection) were allowed to
self-administer a maximum of eight injections/day of zolpi-
dem (0.01–1.0 mg/kg/injection) and triazolam (0.01–0.32 mg/
kg/injection) (

 

n

 

 

 

5

 

 8 and 12 baboons/group, respectively).
Zolpidem and triazolam maintained greater self-administra-
tion than vehicle at some dose (Fig. 1). The average number
of injections/day across the last 5 days for the dose maintain-
ing the greatest number of self-administrations was 6.9 for
zolpidem (range 

 

5

 

 3.0–7.8) and 5.5 for triazolam (range 

 

5

 

2.1–5.6).

 

Studies Conducted With Humans

 

To the best of this author’s knowledge, the reinforcing ef-
fects of zolpidem have not been directly assessed in humans.
There are, however, two reports that indirectly assessed zolpi-
dem’s reinforcing effects and abuse potential in individuals

with histories of ethanol or drug abuse (28,108). In the first
study, 15 volunteers with histories of drug abuse participated
in a double-blind, placebo-controlled, crossover study that as-
sessed the acute effects of zolpidem (15, 30, or 45 mg), triaz-
olam (0.25, 0.5, or 0.75 mg), and placebo (28). Across the
range of doses tested, zolpidem and triazolam produced com-
parable dose-related increases in subject ratings of “drug lik-
ing” (Fig. 2).

A study recently completed in our laboratory was designed
to replicate and extend these findings by indirectly assessing
the reinforcing effects and abuse potential of zolpidem (15,
30, and 45 mg), triazolam (0.25, 0.5, and 0.75 mg), trazodone
(100, 200, and 300 mg), and placebo in 10 volunteers with his-
tories of ethanol and drug abuse (108). In this study, zolpidem
and triazolam generally increased subject ratings of “drug lik-
ing” as a function of dose. The two highest doses of zolpidem
and triazolam tested increased these ratings above placebo
levels. Corresponding doses of zolpidem and triazolam pro-
duced comparable increases. Only the intermediate dose of
trazodone tested, 200 mg, increased ratings of “drug liking”
above placebo levels. These findings systematically replicate
those described above, and suggest that the abuse potential of
zolpidem is comparable to that of triazolam.

 

Pharmacokinetics Factors

 

Rate of onset is thought to be a critical determinant of a
drug’s reinforcing effects and abuse potential (14,31,57). Con-

FIG. 1. Mean number of injections for zolpidem and triazolam.
X-axes: dose (mg/kg/injection). Y-axes: injections per day. Data points
above C indicate number of cocaine injections per day. Data points
above V indicate number of vehicle injections per day. Symbols repre-
sent individual baboons. The line connects means for each dose
tested. Redrawn from Griffiths et al. (49).
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trolled laboratory studies that systematically manipulated the
rate of onset of an anxiolytic/sedative compound (e.g., alpra-
zolam, diazepam, and pentobarbital) generally support this
notion in that subject ratings of “drug liking” or “euphoria”
are significantly higher when peak drug plasma levels are at-
tained rapidly (22,23,86).

Zolpidem is rapidly absorbed. The mean time-to-peak
plasma concentration (t

 

max

 

) following an acute oral dose of 20
mg zolpidem is approximately 0.8–2.6 h (34,70,118). The
mean time-to-peak plasma concentration following an acute
oral dose of 0.25 mg triazolam, 15 mg temazepam, or 4 mg es-
tazolam is approximately 1, 1.5, and 2.3 h, respectively (40,
77). Based on these pharmacokinetic data, the reinforcing ef-
fects and abuse potential of zolpidem would not be expected
to differ significantly from these benzodiazepines.

 

Physiochemical Characteristics

 

When drugs can be administered intravenously or intrana-
sally their effects onset much faster, and the risk of abuse is
probably greater (14,31,57). In the late 1980s, for example,

there were several reports of intravenous temazepam abuse in
the United Kingdom (50,141,154). These incidents of intrave-
nous abuse were due, in part, to the fact that liquid temazepam
was formulated in soft, penetrable capsules. The liquid
temazepam could easily be drawn in to a syringe and injected.
The manufacturers of temazepam subsequently reformulated
temazepam in hard, impenetrable gel capsules or as tablets in
an attempt to reduce parentral abuse (71).

Zolpidem tartrate is water soluble, while most available
benzodiazepines are not (93). Thus, zolpidem could probably
be injected more easily than most available benzodiazepines.
However, to the best of this author’s knowledge, there are no
published reports of intravenous zolpidem abuse. Thus,
whether parentrally administered zolpidem functions as a re-
inforcer and has abuse potential is unknown. Future studies
that compare the reinforcing effects and abuse potential of in-
travenously administered zolpidem and a benzodiazepine
would obviously be interesting and informative.

 

Summary

 

Zolpidem maintains rates of self-administration compara-
ble to those observed with triazolam in nonhuman primates.
Zolpidem and triazolam produced comparable increases in
subject ratings of “drug liking” in human volunteers with his-
tories of drug and ethanol abuse. The pharmacokinetic profile
of zolpidem is similar to that of other commonly prescribed
benzodiazepine hypnotics. Thus, the available literature sug-
gests the reinforcing effects and abuse potential of zolpidem
are probably not significantly different from those of most
available benzodiazepine hypnotics. However, zolpidem, un-
like most available benzodiazepines, is water soluble and may
be more easily abused parentrally.

 

DISCRIMINATIVE-STIMULUS EFFECTS

 

Preclinical laboratory studies characterize a drug’s intero-
ceptive or discriminative-stimulus effects using drug-discrimi-
nation procedures. In a typical drug-discrimination experiment,
one response (e.g., press right lever) is reinforced following the
injection of drug and a different response (e.g., press left le-
ver) following the injection of vehicle. Following training,
novel drugs are administered to determine if they share dis-
criminative-stimulus effects with the training drug.

The drug-discrimination procedure has several advantages.
First, drug discrimination is pharmacologically specific in that
drugs from the same class as the training drug generally in-
crease drug-appropriate responding as a function of dose,
while drugs from different classes generally produce placebo-
appropriate responding (37). Second, results from drug-dis-
crimination studies are generally concordant with drug actions
at the cellular level (54). Third, the discriminative-stimulus ef-
fects of drugs in laboratory animals are thought to be a model
of the subject-rated effects of drugs in humans (96,133,134).
Drugs that produce similar discriminative-stimulus effects in
laboratory animals generally produce similar subject-rated
effects in humans. Because of these advantages, drug-discrim-
ination procedures have been used extensively in preclinical
experiments to study sedative/hypnotic drugs.

Drug-discrimination procedures adapted for use with hu-
mans are being used more frequently to characterize the be-
havioral effects of commonly abused drugs, including seda-
tive/hypnotic compounds (60,61,90,91,113). The results of
these human drug-discrimination experiments are generally
concordant with those from preclinical studies (63). Impor-
tantly, recently published studies conducted with humans sug-

FIG. 2. Dose effects for subject ratings of “drug liking.” Data are
expressed as a peak effect; brackets show 61 SEM. Data points show
means of 15 subjects. X-axes: dose in mg; data points above “PL” des-
ignate placebo values. Y-axes: subject ratings of “drug liking.” Filled
symbols indicate those values which are significantly different from
the placebo value. Redrawn from Evans et al. (28).
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gest that drugs that act at the GABA

 

A

 

 receptor complex dif-
fer significantly in terms of their discriminative-stimulus
effects (64). Below, studies that assessed the discriminative-
stimulus effects of zolpidem are reviewed.

 

Studies Conducted With Laboratory Animals

 

Drug-discrimination studies conducted with rodents have
consistently demonstrated that the discriminative-stimulus ef-
fects of zolpidem are distinguishable from those of benzodiaz-
epines. First, in rats trained to discriminate between zolpidem
(2 mg/kg) and vehicle, high doses of triazolam and chlordiaz-
epoxide (0.3 and 20 mg/kg, respectively) only partially substi-
tuted for zolpidem (i.e., each drug occasioned approximately
70% zolpidem-appropriate responding) (120). Second, in rats
trained to discriminate chlordiazepoxide (5 or 20 mg/kg) from
vehicle, a high dose of zolpidem (3 mg/kg) only partially sub-
stituted for the training dose (i.e., approximately 55–70%
drug-appropriate responding) (125). Third, in rats trained to
discriminate pentobarbital (8 mg/kg) from vehicle, zolpidem
(0.5–4 mg/kg) occasioned less than 50% drug-appropriate re-
sponding, while triazolam (0.1 and 0.2 mg/kg) occasioned

 

>

 

80% drug-appropriate responding (107). Fourth, in rats
trained to discriminate between 0.32 and 3.2 mg/kg midaz-
olam from no drug, midazolam (0.032–10 mg/kg), triazolam
(0.0032–3.2 mg/kg), and diazepam (0.032–18 mg/kg) produced
similar effects (126). Each drug initially dose dependently in-
creased low-dose (i.e., 0.32 mg/kg midazolam) lever respond-
ing and then dose dependently increased high-dose (3.2 mg/
kg) lever responding. Zolpidem (0.032–3.2 mg/kg), by con-
trast, dose dependently increased responding only on the low-
dose lever (i.e., 0.32 mg/kg midazolam). Fifth, Ro 16-6028 and
Ro 17-1812, two mixed agonist–antagonist benzodiazepines,
produced drug-appropriate responding in chlordiazepoxide-
trained rats, but not zolpidem-trained rats (119). Sixth, CGS
9896, a pyrazoloquinoline, and ZK 91296, a 

 

b

 

-carboline, an-
tagonized the discriminative-stimulus effects of zolpidem, but
not chlordiazepoxide (121). Finally, zolpidem did not occa-
sion significant levels of drug-appropriate responding in rats
trained to discriminate between 1.0 g/kg ethanol and saline
(58). Benzodiazepines, by contrast, engender high levels of
drug-appropriate responding in ethanol-trained rats (130).

Studies conducted with nonhuman primates suggest the
discriminative-stimulus effects of zolpidem are similar to
those of benzodiazepines. Zolpidem and triazolam completely
substituted (i.e., 

 

.

 

80 percent drug-appropriate responding)
for the training drug in baboons and rhesus monkeys trained
to discriminate between pentobarbital (10 mg/kg) and vehicle
(49,107), and in baboons trained to discriminate between
lorazepam (1.8 mg/kg) and vehicle (49).

 

Studies Conducted With Humans

 

There are at least five experiments that examined the dis-
criminative-stimulus effects of zolpidem in humans (35,113,
115,117,137). The results of three of these studies suggest that
the discriminative-stimulus effects of zolpidem may be distin-
guishable from those of triazolam. The first study used a
three-way drug-discrimination procedure to determine if vol-
unteers could discriminate between zolpidem (20 mg/70 kg),
triazolam (0.5 mg/70 kg), and placebo (35). All volunteers ac-
quired the active drug versus placebo discrimination, and five
of seven acquired the zolpidem vs. triazolam discrimination.
In the second study, the discriminative-stimulus effects of
zolpidem (2.5–35 mg/70 kg), alprazolam (0.25–1.75 mg/70 kg),
and caffeine (75–525 mg/70 kg) were examined in volunteers

trained to discriminate between 0.35 mg/70 kg triazolam and
placebo using a two-response and novel-response procedure
(137). The novel-response procedure offers volunteers an al-
ternative for drug effects that are unlike those of the training
drug (i.e., triazolam) or placebo. Under the two-response pro-
cedure, zolpidem and alprazolam, but not caffeine, engen-
dered dose-dependent increases in triazolam-appropriate re-
sponding. Under the novel-response procedure, zolpidem and
alprazolam also engendered dose-dependent increases in tria-
zolam-appropriate responding. However, intermediate doses
of zolpidem also engendered some novel-appropriate respond-
ing. Caffeine engendered both novel- and placebo-appropri-
ate responding. Finally, in an ongoing study in our laboratory,
the discriminative-stimulus effects of zolpidem (2.5–15 mg),
triazolam (0.0625–0.375 mg), pentobarbital (25–150 mg), and
caffeine (100–600 mg) are being examined in volunteers
trained to discriminate between 15 mg zolpidem and placebo
(116). Preliminary results (

 

n

 

 

 

5

 

 2) suggest that zolpidem and
triazolam dose dependently increased drug-appropriate re-
sponding as a function of dose in both subjects. The two high-
est doses of pentobarbital tested occasioned 100% zolpidem-
appropriate responding in one subject. In the other subject, by
contrast, the doses of pentobarbital tested did not occasion
any zolpidem-appropriate responding. Caffeine engendered
low levels of drug-appropriate responding in both subjects.

The results of the other two human drug-discrimination
studies suggest that the discriminative-stimulus effects of
zolpidem are similar to those of pentobarbital and triazolam
(113,115). In the first study, the discriminative-stimulus effects
of zolpidem (2.5–20 mg), triazolam (0.0625–0.5 mg), pento-
barbital (25–150 mg), and caffeine (50–400 mg) were assessed
in four volunteers trained to discriminate between 100 mg
pentobarbital and placebo (113). Zolpidem, triazolam, and
pentobarbital, but not caffeine, generally increased pentobar-
bital-appropriate responding as a function of dose. On aver-
age, the three highest doses of zolpidem and triazolam, and
the two highest doses of pentobarbital, occasioned 

 

>

 

75%
drug-appropriate responding. In the second study, the dis-
criminative-stimulus effects of zolpidem (2.5–20 mg/70 kg),
triazolam (0.063–0.5 mg/70 kg), oxazepam (3.125, 6.25, 12.5,
and 25 mg/70 kg), and caffeine (50, 100, 200, and 400 mg/70
kg) were assessed in five volunteers trained to discriminate
between 0.25 mg/70 kg triazolam and placebo (115). Zolpi-
dem and triazolam, and to a lesser extent oxazepam, but not
caffeine, increased triazolam-appropriate responding as a
function of dose.

 

Summary

 

The discriminative-stimulus effects of zolpidem are distin-
guishable from those of benzodiazepines and barbiturates in
rodents, but not nonhuman primates. The reason for the dis-
crepancy between studies conducted with rodents and nonhu-
man primates is unknown. However, the most parsimonious
explanation is that the discriminative-stimulus effects of zolpi-
dem have been studied under a more limited set of conditions
in nonhuman primates.

Drug-discrimination studies conducted with humans are
mixed regarding differences between zolpidem and benzodi-
azepines. The findings from three studies suggest the discrimi-
native-stimulus effects of zolpidem are distinguishable from
those of benzodiazepine hypnotics like triazolam. The find-
ings from the other two studies, by contrast, suggest the dis-
criminative-stimulus effects of zolpidem are similar to those
of triazolam. The mixed results observed in studies conducted
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with humans are likely attributable to the use of different
methods, most notably the drug-discrimination procedures.

 

SUBJECT-RATED DRUG EFFECTS

 

Human behavioral pharmacology studies often character-
ize the subject-rated effects of novel drugs relative to a stan-
dard compound (59). These studies usually administer a range
of acute doses and subjects complete a battery of subject-
rated drug-effect questionnaires before drug administration
and periodically afterwards. Standardized mood question-
naires like the Addiction Research Center Inventory (ARCI)
or Profile of Mood States (POMS) are often employed along
with investigator-constructed instruments. The investigator-
constructed instruments usually consist of 20–30 adjectives
(e.g., sleepy, tired, nausea, stimulated, jittery) that are rated
using a five-point ordinal scale (i.e., 0 

 

5

 

 Not at All, 4 

 

5

 

 Ex-
tremely) or a 100-mm visual-analog line (e.g., left-most ex-
treme labeled “Not at All” and right-most extreme label “An
Awful Lot”) (109–114,117). Drug effects on these instruments
are generally dose dependent and pharmacologically specific.
Subject-rated drug effects are determined in individuals with
and without histories of drug abuse. Below studies that com-
pared the subject-rated effects of zolpidem and a benzodiaz-
epine are reviewed.

 

Studies With Individuals With Histories of Drug or 
Ethanol Abuse

 

To this authors’ knowledge, there are two reports that ex-
amined the subject-rated effects of zolpidem in individuals
with histories of drug abuse (28,108). In the first study, the
acute subject-rated effects of zolpidem (15–45 mg), triazolam
(0.25–0.75 mg), and placebo were examined in 15 volunteers
with histories of drug abuse (28). Drug effects were measured
with the ARCI, POMS, and several investigator-constructed
instruments. Zolpidem and triazolam produced comparable
dose-related increases in subject ratings of “drug effect,”
which suggests equivalent drug doses were tested. However,
across several of the other subject-rated items, zolpidem and
triazolam produced a different constellation of drug effects.
Zolpidem, but not triazolam, increased subject ratings of so-
matic symptoms like dizziness, anxiousness, queasiness, and
blurred vision. Moreover, on a pharmacological-class ques-
tionnaire, the highest zolpidem dose was identified as barbitu-
rate-, benzodiazepine-, or alcohol-like about half as often as
was the highest triazolam dose.

As noted above, a study recently completed in our labora-
tory was designed to replicate and extend these findings by as-
sessing the acute behavioral effects of zolpidem (15, 30, and
45 mg), triazolam (0.25, 0.5, and 0.75 mg), trazodone (100,
200, and 300 mg) and placebo in 10 volunteers with histories
of ethanol and drug abuse (108). Drug effects were measured
with the ARCI and several investigator-constructed instru-
ments. Zolpidem and triazolam produced comparable dose-
related increases in subject ratings of “drug effect,) which sug-
gests equivalent drug doses were tested. The highest dose of
zolpidem and triazolam increased subject ratings of “dizzy”
significantly above placebo levels, but these dose conditions
did not differ from each other. The highest dose of triazolam,
but none of the zolpidem doses tested, increased subject rat-
ings of “nausea” significantly above placebo levels. Finally,
across the range of doses tested, zolpidem and triazolam were
identified as barbiturate- or benzodiazepine-like equally on a
pharmacological-class questionnaire (i.e., 43 vs. 40%).

 

Studies With Individuals Without Histories of Drug or
Ethanol Abuse

 

To this author’s knowledge there are at least six studies
that comprehensively assessed the subject-rated effects of
zolpidem and triazolam in healthy, nondrug abusing volun-
teers (8,44,110,113,117,150). Each of these studies compared
the acute subject-rated effects of zolpidem to those of triaz-
olam. The results of a majority of these studies suggest the
subject-rated effects of zolpidem are qualitatively and quanti-
tatively similar to those of triazolam (8,44,110,113,150). How-
ever, in the final study some differences between zolpidem
and triazolam were observed (117). In this study, the acute
subject-rated effects of zolpidem (7.5, 15, and 22.5 mg), triaz-
olam (0.1875, 0.375, and 0.5625 mg), quazepam (15, 30, and 45
mg), and placebo were examined. Drug effects were mea-
sured with the ARCI, the Stanford Sleepiness Scale, and a 34-
item Drug-Effect Questionnaire. Figure 3 shows some dose–
response functions for zolpidem, triazolam, and quazepam
from this experiment. This figure shows that zolpidem and tri-
azolam generally produced comparable dose-related increases
in PCAG scores on the ARCI, a putative measure of sedation,
and subject ratings of “drug effect,” which suggests equivalent
drug doses were tested. By contrast, the highest dose of zolpi-
dem tested increased ratings of “dizzy” and “confused” signif-
icantly above placebo levels while none of the triazolam doses
tested did so. None of the doses of quazepam tested increased
these ratings above levels observed with placebo.

 

Summary

 

Two studies compared the acute subject-rated effects of
zolpidem and triazolam in individuals with histories of drug
abuse, and six studies compared these compounds in individu-
als without histories of drug abuse. The results of these stud-
ies are mixed. The reason for these mixed results is unknown,
but may be due to the use of somewhat different subject-rated
drug-effect questionnaires.

 

PERFORMANCE-IMPAIRING EFFECTS

 

Acute administrations of benzodiazepines impair perfor-
mance (27,36,73). In addition to its safety, tolerability, and fa-
vorable pharmacokinetic profile, some of zolpidem’s popular-
ity may be attributable to the belief that performance
impairment occurs only at supratherapeutic doses (68). Be-
low, studies that compared the performance-impairing effects
of zolpidem and a benzodiazepine are reviewed. Special at-
tention is given to those studies that compared 10-mg zolpi-
dem, the recommended hypnotic dose in nonelderly patients,
and the clinically recommended dose of a benzodiazepine
(e.g., 0.25 mg triazolam or 30 mg temazepam) (93). Finally,
because benzodiazepine hypnotics exacerbate the performance-
impairing effects of ethanol, studies that assessed the com-
bined effects of zolpidem and ethanol are also reviewed.

 

Studies Conducted With Laboratory Animals

 

Preclinical laboratory studies use paradigms like sched-
uled-controlled responding, acquisition of a conditioned re-
sponse, and passive avoidance to determine a drug’s perfor-
mance-impairing effects. Studies conducted with rodents have
produced mixed results regarding differences between zolpi-
dem and benzodiazepine (e.g., diazepam, lorazepam, and tria-
zolam) (124,139,143). In the first study, doses of zolpidem (0,
0.25, 0.5, 1, and 2 mg/kg) that reduced locomotor activity did
not significantly impair acquisition of a conditioned fear re-
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sponse, a measure thought to involve learning and memory
(124). Triazolam (0, 0.0125, 0.025, 0.05, and 0.1 mg/kg), by
contrast, significantly impaired acquisition of a conditioned
fear response at doses lower than needed to significantly re-
duce locomotor activity. In the second study, the effects of
zolpidem (0.33–10 mg/kg), lorazepam (0.1–0.5 mg/kg), and di-
azepam (0.1–10 mg/kg) on responding maintained by a differ-

ential reinforcement of low rate of responding (DRL) sched-
ule were examined in rats (139). Diazepam and lorazepam,
but not zolpidem, increased response rate and response burst-
ing. Zolpidem, lorazepam, and diazepam dose dependently
decreased reinforcement rate and shifted the distribution of
interresponse times leftward. In the third study, the effects of
zolpidem (0–30 mg/kg), triazolam (0–0.1 mg/kg), and diaz-

FIG. 3. Dose effects for triazolam, zolpidem, and quazepam for PCAG scores from the ARCI, and subject ratings of “drug effect,” “dizzy/light-
headed,” and “confused.” Data are expressed as peak effect. X-axes: dose in mg; data points above “PL” designate placebo values. Data points
show means of nine subjects; brackets show 61 SEM. Filled symbols indicate those values that are significantly different from the placebo value.
Redrawn from Rush and Ali (117).
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epam (0–10 mg/kg) were assessed in mice using a one-trial
passive-avoidance task, a procedure also thought to involve
memory (143). Each of the drugs generally impaired perfor-
mance on this task as a function of dose, and the highest dose
of each drug differed significantly from vehicle. To this au-
thor’s knowledge, there are no published studies that com-
pared the performance-impairing effects of zolpidem and a
benzodiazepine in nonhuman primates.

 

Studies Conducted With Humans

 

There are at least 13 published studies that directly com-
pared the acute performance-impairing effects of zolpidem
to those of a benzodiazepine (2,8,28,44,81,95,102,108,110,113,
117,149,150). The results of these studies have been rather
consistent despite the use of different methods, performance
tasks, subject populations, and comparison compounds. Table
1 shows that the results of 11 studies suggest that the absolute
magnitude of impairment produced by zolpidem and the com-
parison benzodiazepine (i.e., triazolam, temazepam, midazolam,
and lorazepam) was comparable (8,28,44,81,95,102,108,110,113,
117,150)

Two studies found that zolpidem produced less impair-
ment than triazolam (Table 1) (2,149). In the first study, zol-
pidem (20 mg) produced less impairment than triazolam (0.5
mg) on a simulated-escape task (2). In the second study, zol-
pidem (15 mg) produced less impairment than triazolam (0.5
mg) on a restricted-reminding test and paired-associates
memory test (149). However, these doses are probably not
clinically equivalent (i.e., zolpidem 

 

,

 

 triazolam). Testing rela-
tively lower doses of zolpidem than triazolam obviously biases
the outcome towards less impairment with the former.

Eight of the studies summarized in Table 1 tested the ef-
fects of the most commonly recommended clinical doses of
zolpidem (i.e., 10 mg) and triazolam (i.e., 0.25 mg) or temazepam
(i.e., 30 mg) (2,8,44,81,102,110,113,149). Six of these studies
found significant impairment with 10 mg zolpidem vs. placebo
(8,44,81,102,110,113). Significant impairment relative to pla-
cebo was also observed with 0.25 mg triazolam or 30 mg
temazepam. For example, Figure 4 shows representative data
from an experiment that compared the acute performance-
impairing effects of zolpidem (5, 10, and 20 mg/70 kg), triaz-
olam (0.125, 0.25, and 0.5 mg/70 kg), temazepam (15, 30, and
60 mg/70 kg), and placebo (110). This figure shows that zolpi-
dem, triazolam, and temazepam impaired performance on a
circular lights task as an orderly function of dose and time.
The two highest doses of zolpidem, triazolam, and temazepam
significantly impaired performance relative to placebo. The
absolute magnitude of impairment was comparable across
drugs, although the effects of zolpidem onset and offset more
rapidly than those of triazolam and temazepam. Two studies
failed to find significant impairment with 10 mg zolpidem
(2,150).

A study recently completed in our laboratory found that
even a subtherapeutic dose of zolpidem can significantly im-
pair human performance (117). In this study, the acute perfor-
mance-impairing effects of zolpidem (7.5, 15, and 22.5 mg),
triazolam (0.1875, 0.375, and 0.5625 mg), quazepam (15, 30,
and 45 mg), and placebo were compared in healthy volunteers
(Table 1). A sheet of 18 pictures were presented to the volun-
teers 1.5 h after drug administration. Delayed recall of these
pictures was tested 4 h later. Figure 5 shows that all of the
doses of zolpidem tested, including 7.5 mg, which is a subther-
apeutic dose in nonelderly patients, significantly impaired de-
layed picture recall relative to placebo. By contrast, only the

supratherapeutic doses of triazolam tested, 0.375 and 0.5625
mg, significantly impaired delayed picture recall. None of the
doses of quazepam tested impaired performance on this task.

 

Interactions With Ethanol

 

Combined use of hypnotics and ethanol is widespread and
well documented (39). Moreover, hypnotics are often pre-
scribed without adequate information concerning the pa-
tient’s ethanol use (38). Combined use of hypnotics and etha-
nol pose increased risk to the individual and society because
drug-induced impairment is greater when ethanol is also in-
gested (53,72). Because ethanol may also interact with the
GABA

 

A

 

 receptor (19,66,142), the purportedly unique binding
profile of zolpidem suggests it may differentially interact with
ethanol.

One study compared the effects of zolpidem and diazepam
in combination with ethanol 7.5 ml/kg in mice (143). In this
study, zolpidem and diazepam alone did not impair the trac-
tion and righting reflex up to doses of 30 mg/kg. When com-
bined with 7.5 ml/kg ethanol, the ED

 

50

 

 for zolpidem to impair
the traction and righting reflex was 9 and 17 mg/kg, respec-
tively. The ED

 

50

 

 for diazepam to impair the traction and right-
ing reflex in combination with ethanol was 0.5 and 1.1 mg/kg,
respectively. Thus, both drugs were more toxic when com-
bined with ethanol, although zolpidem was less potent than
diazepam.

There is at least one study that examined the effects of
zolpidem (10 and 15 mg), alone and in combination with etha-
nol (dose selected on individual basis to attain a peak blood
ethanol concentration of 0.08%), in humans (151). Zolpidem
alone (i.e., in combination with placebo ethanol) dose depen-
dently impaired performance on a battery of tests that in-
cluded a divided-attention, visual-backward masking, vigi-
lance, and Sternberg task. Ethanol alone (i.e., in combination
with placebo zolpidem) also significantly impaired perfor-
mance on most of these tests. Combining zolpidem and etha-
nol produced greater impairment than observed with either
drug alone. The combined effects of zolpidem and ethanol
were approximately additive, which is similar to the effects of
benzodiazepines in combination with ethanol (16,72).

 

Summary

 

Studies conducted with rodents have produced mixed re-
sults regarding differences between zolpidem and benzodiaz-
epines in terms of performance-impairing effects. Most avail-
able studies conducted with humans suggest that zolpidem
and benzodiazepines produce comparable performance im-
pairment. Importantly, a majority of studies that tested the ef-
fects of 10 mg zolpidem, the clinically recommended hypnotic
dose for nonelderly patients, found significant impairment rel-
ative to placebo. The magnitude of this impairment was gen-
erally comparable to that observed with the clinically recom-
mended dose of a benzodiazepine (e.g., 0.25 mg triazolam or
30 mg temazepam). The results of a single study suggest that
even a subtherapeutic dose of zolpidem can significantly im-
pair human performance. This finding obviously needs to be
replicated. Finally, the performance-impairing effects of zol-
pidem and ethanol are approximately additive, which is similar
to the effects of benzodiazepines in combination with ethanol.

 

TOLERANCE

 

Repeated administrations of benzodiazepine hypnotics of-
ten produce tolerance to their sleep-promoting effects. Toler-
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ance may lead to dose escalation and increased risk of physio-
logical dependence. Furthermore, dose escalation may lead to
ingesting larger acute doses and, in turn, greater performance
impairment. Hypnotic compounds that do not produce toler-
ance would obviously offer an advantage clinically. Below
studies that compared the tolerance-producing effects of zol-
pidem and a benzodiazepine are reviewed.

 

Studies Conducted With Animals

 

Four preclinical studies conducted with rodents suggest
that tolerance does not develop to the behavioral effects of
zolpidem (18,92,122,123). In two experiments, separate
groups of rats received daily injections of 1 mg/kg zolpidem or
3 mg/kg midazolam for 10 days (122,123). In the third experi-
ment, separate groups of mice received two daily injections of
30 mg/kg zolpidem or midazolam for 10 days (92). In the
fourth study, separate groups of mice received injections of
1.5 mg/kg zolpidem or diazepam for 16 days (18). Tolerance
developed to the anticonvulsant, behavioral and sedative ef-
fects of midazolam and diazepam. Tolerance to the effects of
zolpidem was not evident or less pronounced than observed
with midazolam and diazepam.

Two studies assessed whether rats chronically treated with
a benzodiazepine became cross tolerant to the behavioral ef-
fects of zolpidem (17,105). The results of these studies are
mixed. In the first study, rats received chronic infusions of tri-
azolam (3 mg/kg/day) for 14 days (17). Chronic triazolam
treatment produced cross tolerance to the depressant effects
of lorazepam and zopiclone, but not zolpidem. In the second
study, daily administrations of diazepam (5 mg/kg for 3
weeks) and flurazepam (20 mg/kg for 1 week) resulted in sig-
nificant tolerance to anticonvulsant effects 12 and 48 h after
the discontinuation of chronic drug treatment (105). Signifi-
cant cross tolerance to the effects of zolpidem, bretazenil, and
clonazepam were generally observed at these times.

The results of a study conducted with nonhuman primates
suggest that repeated administrations of zolpidem produce
tolerance (49). In this study, baboons received vehicle injec-
tions on days 1 and 10, and daily injections of zolpidem (3.2 or
5.6 mg/kg) on days 2–9. The initial administration of zolpidem
produced significant ataxia. Ataxia progressively decreased
with repeated administrations of zolpidem and returned to
near vehicle levels by the fifth day. This effect was also ob-
served with midazolam (5.6 mg/kg/day) under similar experi-
mental conditions in the same laboratory (127).

 

Studies Conducted With Humans

 

Several clinical trials that assessed the efficacy of zolpidem
failed to find tolerance to its sleep-promoting effects follow-
ing repeated administrations (30,94,104,129,131,136). How-
ever, to this author’s knowledge, there is only one published
report that directly compared zolpidem and triazolam in
terms of their tolerance-producing effects (147). In this study,
separate groups of patients with sleep complaints were
treated with 10 mg zolpidem, 0.5 mg triazolam, or placebo for
28 nights. Active drug treatment was preceded by a 2-night
placebo baseline period. Both zolpidem and triazolam were
effective on nights 1 and 2, as evidenced by a significant de-
crease in latency to persistent sleep relative to baseline. The
hypnotic efficacy of both drugs decreased across the 28-day
treatment period, and on nights 27 and 28 neither drug signifi-
cantly decreased latency to persistent sleep.
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Summary

 

Studies conducted with rodents generally suggest that re-
peated administrations of zolpidem, unlike benzodiazepines,
do not produce tolerance. Studies conducted with nonhuman
primates, by contrast, suggest that tolerance develops to the
behavioral effects of zolpidem with repeated administrations.
The findings of the only published clinical study conducted
with humans that directly compared zolpidem and a benzodi-
azepine suggest that tolerance develops to the hypnotic ef-
fects of both zolpidem and triazolam.

 

PHYSIOLOGICAL DEPENDENCE

 

Repeated administrations of benzodiazepine hypnotics of-
ten produce physiological dependence, and discontinuing
treatment results in a recognizable withdrawal syndrome. Pre-
clinical studies determine whether a drug produces physiolog-
ical dependence by chronically treating animals, and then
abruptly terminating drug administration and observing the

animal for symptoms of withdrawal, or by administrating an
appropriate antagonist to determine if it precipitates with-
drawal. Clinical studies determine whether a drug produces
physiological dependence by observing patients for symptoms
of withdrawal following the discontinuation of chronically ad-
ministered drug. For example, following repeated administra-
tions of benzodiazepine hypnotics, discontinuing treatment
sometimes results in rebound insomnia, which is defined as a
significant worsening of sleep difficulties relative to predrug
levels (62). Studies that compared the withdrawal syndrome
after discontinuing zolpidem or benzodiazepine treatment are
reviewed below.

 

Studies Conducted With Laboratory Animals

 

There are at least four preclinical studies conducted with
rodents that suggest repeated administrations of zolpidem
generally do not produce dependence (92,132,143,145). In the
first study, mice received daily injections of zolpidem (150 mg/
kg), alprazolam (0.15–15 mg/kg/day), chlordiazepoxide (0.15–
15 mg/kg/day), diazepam (1.5–15 mg/kg/day), flurazepam
(1.5–15 mg/kg/day), midazolam (0.15–15 mg/kg/day), or triaz-
olam (0.15–15 mg/kg/day) (145). Twenty-four hours after the
last injection, mice received an intravenous injection of flum-
azenil (2.5 mg/kg), a benzodiazepine-receptor antagonist, and
were then tested for electroshock seizure thresholds. Flum-
azenil-precipitated withdrawal, as evidenced by a lowering of
the seizure threshold, was not evident in the zolpidem-treated
mice. By contrast, flumazenil-precipitated withdrawal was ob-
served in the benzodiazepine-treated mice. In the second

FIG. 4. Dose–effect and time-course functions for triazolam (top),
zolpidem (middle), and temazepam (bottom) for number of responses
on a circular lights task. X-axes: time after drug administration in
hours; P indicates predrug. Data points show means of 11 subjects.
Filled symbols indicate those values that are significantly different
from the corresponding placebo value at the same time-point. Redrawn
from Rush and Griffiths (110).

FIG. 5. Dose effects for triazolam, zolpidem, and quazepam for
number correct on a delayed picture recall task. X-axes: dose in mg;
data points above “PL” designate placebo values. Data points show
means of nine subjects; brackets show 61 SEM. Filled symbols indi-
cate those values that are significantly different from the placebo
value. Redrawn from Rush and Ali (117).
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study, separate groups of mice were treated with zolpidem (30
mg/kg, b.i.d.), midazolam (30 mg/kg, b.i.d.), or vehicle for 10
consecutive days (93). Flumazenil (5 mg/kg) was administered
3 and 6 h after the last administration of zolpidem, midazolam,
or vehicle to determine if a benzodiazepine-like withdrawal
syndrome could be precipitated. Spontaneous withdrawal was
measured for 67 h after the last drug administration. Neither
precipitated or spontaneous withdrawal were observed in the
zolpidem- or vehicle-treated mice. Precipitated withdrawal
(e.g., decreased the latency to convulsions) was observed in
the midazolam-treated mice and spontaneous withdrawal was
observed 14 h after the last drug administration. In the third
study, separate groups of mice were treated orally with zolpi-
dem (100–300 mg/kg/day, b.i.d.), alprazolam (1-10 mg/kg/day,
b.i.d.), bretazenil (30–300 mg/kg/day, b.i.d.), or vehicle for 17
days (132). Five hours after the last injection, the mice were
injected with sarmazenil (3 mg/kg), a partial agonist, and ob-
served for signs of withdrawal (e.g., tremor, wild running,
seizures). Withdrawal was clearly evident in the alprazolam-
treated mice, but much less so in the zolpidem- and bretaze-
nil-treated mice. In the final study, separate groups of mice
received daily injections of 150 mg/kg zolpidem, 300 mg/kg
zolpidem, 30 mg/kg diazepam, or vehicle for 3 days (143).
Twenty-four hours after the last injection, mice received an
intravenous injection of flumazenil (2.5 mg/kg) and were then
tested for electroshock seizure thresholds. Relative to the ve-
hicle-treated group, the seizure threshold was significantly
lower in mice treated with 300 mg/kg zolpidem and 30 mg/kg
diazepam.

There are at least three preclinical studies conducted with
nonhuman primates that examined whether repeated admin-
istrations of zolpidem produce physiological dependence
(49,132,148). The results of two of these studies suggest that
repeated administrations of zolpidem produce physiological
dependence similar to that observed with repeated adminis-
trations of a benzodiazepine (49,148). In the first study, ba-
boons were allowed to self-administer zolpidem (1 mg/kg/in-
jection) for 2 weeks (49). Substitution of placebo resulted in a
time-limited suppression of food intake, which suggests a
withdrawal effect. This effect was similar to that observed
with midazolam (5.6 mg/kg/day) under nearly identical exper-
imental conditions in the same laboratory (127). In the second
study, similar withdrawal signs were observed in baboons
chronically treated with 32 mg/kg zolpidem for 17 days (148).
In the final study, separate groups of squirrel monkeys were
treated orally with zolpidem (10–20 mg/kg/day, t.i.d.), alpraz-
olam (1 mg/kg/day, t.i.d.), bretazenil (1–3.3 mg/kg/day, t.i.d.),
or vehicle for 11 days (132). The monkeys were injected with
0.25 mg/kg sarmazenil 5, 24, and 48 hours after the final oral
treatment and observed for 2 h for signs of withdrawal (e.g.,
vomiting, tremors, and convulsions). Sarmazenil-precipitated
withdrawal was also evident in the zolpidem- and bretazenil-
treated monkeys, but it was much less striking than in the al-
prazolam-treated animals. Sarmazenil-precipitated withdrawal
was more evident in those animals treated with high doses of
zolpidem or bretazenil.

 

Studies Conducted With Humans

 

To the best of this author’s knowledge, there are only
three reports that directly compared zolpidem and triazolam
in terms of dependence-producing effects in humans (82,
104,147). In the first study, separate groups of patients suffer-
ing from moderate to severe chronic insomnia were treated
with 10 mg zolpidem, 0.5 mg triazolam, or placebo for 27

nights (82). Placebo was substituted during a 3-night with-
drawal phase. In the second study, separate groups of patients
with sleep complaints were treated with 10 mg zolpidem, 0.5
mg triazolam, or placebo for 28 nights (147). Active drug
treatment was preceded by a 2-night placebo baseline period.
Placebo was substituted during a 3-night withdrawal period.
In both of these studies, significant rebound insomnia was ob-
served in the triazolam-treated group, but not the zolpidem-
or placebo-treated groups, during the withdrawal period. In
the third study, separate groups of hospitalized elderly insom-
niac patients (age 

 

5

 

 58–98 years) were treated with 5 mg zol-
pidem, 10 mg zolpidem, or 0.25 mg triazolam at bedtime for 3
weeks (104). Active drug treatment was preceded by 3 days of
placebo administration. When placebo was substituted during
a 7-night withdrawal period, there was no evidence of re-
bound insomnia, agitation, or anxiety in any of the groups.

 

Summary

 

Studies conducted with rodents suggest that repeated ad-
ministrations of zolpidem generally do not produce physiolog-
ical dependence. Studies conducted with nonhuman primates
have produced mixed results regarding whether repeated ad-
ministrations of zolpidem produce physiological dependence.
The reason for the discrepancy between studies that em-
ployed nonhuman primates is unknown, but may be due to
the methods used. Most notably, the one study that found less
severe dependence with zolpidem than a benzodiazepine used
sarmazenil, a partial agonist, to precipitate withdrawal. The
studies that found comparable physiological dependence with
zolpidem and a benzodiazepine, by contrast, precipitated
withdrawal with flumazenil, a benzodiazepine antagonist, or
discontinued chronic drug treatment and measured spontane-
ous withdrawal.

Studies conducted with humans suggest that repeated ad-
ministrations of zolpidem do not produce physiological de-
pendence. However, it is difficult to determine if zolpidem is
significantly different from available benzodiazepines in
terms of its dependence-producing effects because of the
methods used in some of the available studies. As described
above, rebound insomnia was observed in triazolam-treated
patients, but not in zolpidem-treated patients (82,147). How-
ever, the doses of zolpidem (i.e., 10 mg) and triazolam (0.5
mg) compared in these studies are not clinically equivalent.
The most commonly recommended hypnotic dose of zolpi-
dem and triazolam is 10 and 0.25 mg, respectively (92). Test-
ing relatively lower doses of zolpidem than triazolam obvi-
ously biases the outcome towards finding less severe
dependence with the former.

 

CONCLUSIONS AND DIRECTIONS OF FUTURE RESEARCH

 

Zolpidem, the most commonly prescribed hypnotic, is neu-
ropharmacologically distinct from benzodiazepines. The present
article reviewed the extant literature to determine if there are
functionally significant differences between zolpidem and
benzodiazepines. Based on the available literature, the most
parsimonious conclusion is that despite its unique neurophar-
macological profile the behavioral effects of zolpidem are
generally similar to those of benzodiazepines. Studies con-
ducted with nonhumans and humans suggest that the reinforc-
ing effects, abuse potential, subject-rated effects, and perfor-
mance-impairing effects of zolpidem are comparable to those
of benzodiazepines. Studies that used drug-discrimination
procedures suggest that the discriminative-stimulus effects of
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zolpidem may differ from those of benzodiazepine, but the
clinical significance of these findings remains to be deter-
mined. Studies conducted with rodents suggest tolerance and
physiological dependence generally do not develop with re-
peated administrations of zolpidem. Studies that administered
zolpidem repeatedly to nonhuman primates or humans found
both tolerance and physiological dependence that was similar
to that observed with benzodiazepines. Although the avail-
able studies suggest the behavioral pharmacologic profile of
zolpidem is generally similar to that of benzodiazepines, it is
important to note the dearth of perspective, experimental
studies that explicitly addressed this issue. Additional studies
that directly compare zolpidem and a benzodiazepine are
clearly needed.

Future studies with nonhumans and humans need to focus
on the relative reinforcing effects and abuse potential of zol-
pidem and benzodiazepines. Perhaps future studies that ex-
plicitly compare the relative reinforcing effects of zolpidem
and a benzodiazepine will find differences, but this awaits
confirmation. Before such studies can be conducted it is first
necessary to refine the methods used to compare the reinforc-
ing effects of drugs because preclinical drug self-administra-
tion studies may not accurately predict the relative abuse po-
tential of drugs (65). For example, diazepam and alprazolam
may have the greatest potential for abuse among drug abus-
ers, yet in baboons these compounds maintain rates of self-
administration similar to those observed with other benzodi-
azepines (3,47,48,51). The lack of adequate procedures to
compare the relative reinforcing effects of a drug may explain
the failure to detect differences between zolpidem and benzo-
diazepines.

Worth noting is that there are no published reports that di-
rectly assessed the reinforcing effects of zolpidem in humans.
Instead, the reinforcing effects and abuse potential of zolpi-
dem and triazolam have been compared using indirect meth-
ods like subject ratings of “drug liking.” Although the rein-
forcing effects of drugs and subject ratings of “drug liking”
generally covary, they are not isomorphic and can be dissoci-
ated (69,100,101). Future studies that directly compare the re-
inforcing effects of zolpidem and a benzodiazepine in humans
are obviously needed.

Future studies that assess the reinforcing effects and abuse
potential of zolpidem, either directly or indirectly, might in-
clude a comparison drug other than triazolam because reports
of its abuse are relatively rare (3,33). The inclusion of an ap-
propriate comparison compound is important in order to ac-
curately assess the relative abuse potential of any drug
(23,29). For example, the reinforcing effects and abuse poten-
tial of zolpidem might be assessed relative to alprazolam, di-
azepam, or flunitrazepam because these compounds may have
greater abuse potential than other benzodiazepines (3,51). Su-
pratherapeutic doses should be tested because high doses are
often involved in abuse (23,29).

Future studies with humans that explicitly characterize the
reinforcing effects and abuse potential of zolpidem relative to
a benzodiazepine should employ different populations. Study-
ing zolpidem’s relative reinforcing effects in insomniac pa-
tients would be most clinically relevant. However, studying
the relative reinforcing effects and abuse potential of zolpi-
dem and a benzodiazepine hypnotic in individuals with histo-
ries of drug and ethanol abuse is also clinically relevant be-
cause these individuals may be at increased risk to abuse
hypnotic medications. Studying the reinforcing effects and
abuse potential of zolpidem and a benzodiazepine in elderly
patients is also important because they are disproportionately

represented among hypnotic users (25,84). Finally, it is impor-
tant to study the relative reinforcing effects and abuse poten-
tial of hypnotics in healthy individuals because this population
frequently uses hypnotics to manage transient sleep difficul-
ties (e.g., promotion of sleep during extended travel or insom-
nia in rotating shift workers) (103,106,146).

Studies conducted with rodents have consistently demon-
strated that the discriminative-stimulus effects of zolpidem
are distinguishable from those of benzodiazepines. Studies
conducted with nonhuman primates, by contrast, suggest the
discriminative-stimulus effects of zolpidem are similar to
those of triazolam. The reason for the discrepancy between
rodent and primate studies is unknown, but may be because
the discriminative-stimulus effects of zolpidem have been in-
vestigated under a more limited set of conditions in primates.
For example, to the best of this author’s knowledge, there are
no published experiments that examined the effects of benzo-
diazepines or barbiturates in nonhuman primates trained to
discriminate between zolpidem and placebo. Human drug-dis-
crimination studies have produced mixed results, but a major-
ity of these studies suggest the discriminative-stimulus effects
of zolpidem are distinguishable from those of triazolam. The
reason for the mixed results is unknown, but may be due to
the use of different drug-discrimination procedures. Future
studies with humans that assess the discriminative-stimulus ef-
fects of zolpidem in humans should use a standard set of drug-
discrimination procedures. Future human-drug discrimination
experiments should also compare the discriminative-stimulus
effects of zolpidem and a benzodiazepine in a clinically rele-
vant population such as insomniac patients, drug abusers or
elderly patients.

The findings from a majority of the available studies sug-
gest the subject-rated effects of zolpidem are qualitatively
similar to those of benzodiazepines. However, there are a few
studies in which differences between zolpidem and triazolam
were noted, which is consistent with the human drug-discrimi-
nation experiments. The reason for these mixed results is
unknown, but may be due to the use of somewhat different
subject-rated drug-effect questionnaires. Future studies that
compare the acute subject-rated effects of zolpidem and a
benzodiazepine should use a standardized battery of ques-
tionnaires, or attempt to refine the questionnaires currently
used. Future studies with individuals without histories of drug
abuse might also test higher doses to determine putative dif-
ferences between zolpidem and benzodiazepines.

The performance-impairing effects of zolpidem are indis-
tinguishable from those of benzodiazepines. Future studies
should continue to examine the performance-impairing ef-
fects of zolpidem relative to a benzodiazepine. These future
studies need to test a wide range of doses. Testing subthera-
peutic doses seems especially important because a recent
study found that subtherapeutic doses of zolpidem, but not
triazolam, significantly impaired performance. These future
studies should attempt to develop tasks that are sensitive to
subtle, but perhaps important, between-drug differences. Fi-
nally, future studies should compare the performance-impair-
ing effects of zolpidem and a benzodiazepine in different pop-
ulations. For example, the performance-impairing effects of
zolpidem and a benzodiazepine have not been characterized
across a wide range of doses in elderly volunteers. Determin-
ing differences between zolpidem and triazolam in the elderly
is important because they are generally more sensitive to sed-
ative drug effects (41–43,83,89).

As noted above, several clinical trials failed to find toler-
ance with repeated administrations of zolpidem. However, ex-
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perimental studies that directly compared zolpidem and a
benzodiazepine in terms of their tolerance-producing effects
have produced mixed results. Studies conducted with rodents
generally failed to find tolerance with repeated administrations
of zolpidem. Studies conducted with nonhuman primates, by
contrast, found tolerance with repeated administrations of
zolpidem and midazolam. In the only published study that
compared zolpidem and triazolam in humans, the hypnotic ef-
ficacy of both drugs decreased across the 28-day treatment
period (147). Well-controlled studies that compare zolpidem
and a benzodiazepine in terms of their tolerance-producing
effects are obviously needed given the paucity of experimen-
tal studies that explicitly addressed this issue. As noted above,
repeated administrations, if they produce tolerance, might
lead to dose escalation and, as a consequence, greater perfor-
mance impairment and increased risk of physiological depen-
dence.

Several clinical trials also failed to find physiological de-
pendence with repeated administrations of zolpidem. Studies
conducted with rodents generally suggest that repeated ad-
ministrations of zolpidem generally do not produce physiolog-
ical dependence. A majority of studies conducted with nonhu-
man primates suggest that repeated administrations of zolpidem
or a benzodiazepine results in physiological dependence.
Studies conducted with humans suggest that following the dis-
continuation of chronic drug treatment, rebound insomnia
occurs in triazolam-treated patients, but not zolpidem- or pla-
cebo-treated patients (82,147). However, these results must
be viewed cautiously because it is unclear whether clinically
equivalent doses of zolpidem and triazolam were tested. Fu-

ture studies are obviously needed that compare groups of pa-
tients treated with clinically equivalent drug doses. Further
studying the effects of repeated administrations of hypnotics
is important because some estimates indicate that 80% of
hypnotic drugs are consumed by people reporting daily use of
4 months or longer (45).

In conclusion, the available literature suggests that zolpi-
dem is similar to benzodiazepines in terms of its reinforcing
effects, abuse potential, subject-rated effects, and perfor-
mance-impairing effects. The discriminative-stimulus of zolpi-
dem may be distinguishable from those of benzodiazepines,
although the clinical significance of this remains to be deter-
mined. While there is some evidence to suggest that the toler-
ance- and dependence-producing effects of zolpidem may be
less than those of benzodiazepines, it is important to note the
paucity of prospective, well-controlled studies that directly
addressed this question. Because of the obvious clinical rele-
vance, future well-controlled studies that compare the rein-
forcing effects, abuse potential, performance-impairing effects,
tolerance-producing effects, and dependence-producing ef-
fects of zolpidem and a benzodiazepine would be especially
useful. These studies should attempt to refine the methods
currently used to compare the behavioral effects of drugs. Re-
fining these methods may allow subtle, but important, differ-
ences between zolpidem and benzodiazepines to be more
clearly elucidated.
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