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Abstract

Recent case reports suggest that the short-acting benzodiazepine-like hypnotic zolpidem may have
abuse potential among individuals who have no personal history of abusing drugs or alcohol,
particularly at doses higher than those recommended for treating insomnia. The present study
recruited drug-naive volunteers to assess the subjective effects of multiple doses of zolpidem (0, 5,
10, or 20 mg) administered in a within-subject double-blind design. Participants (n=11) answered
computerized questionnaires (Addiction Research Center Inventory, visual analog scales, and a
hypothetical Drug vs. Money Choice) to address the hypothesis that a supra-therapeutic dose (20
mg) would increase ratings of abuse-related subjective effects, while lower therapeutic doses (5
and 10 mg) would not. Although participants rated some effects as negative at 10 and 20 mg, the
highest dose engendered predominantly positive abuse-like effects such as “High”, “Like”, and
“Good Effects”. However, no dose of zolpidem was chosen over money ($0.35 — $10) when
participants made hypothetical choices between them. Results suggest that although individuals
without a drug abuse history are not inclined to choose zolpidem when presented with an
alternative reinforcer such as money, it may possess moderate abuse potential that limits its
clinical utility.
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Introduction

Zolpidem (Ambien®) is a short-acting hypnotic that enhances GABAergic
neurotransmission via the benzodiazepine binding site on specific GABA, receptors.
Zolpidem was approved for the short-term treatment of insomnia almost twenty years ago,
and a number of studies were undertaken shortly thereafter to determine its potential for
abuse. In agreement with findings documenting that drug history is a major determinant of
the reinforcing effects of benzodiazepines (Woods et al., 1992; Griffiths and Weerts, 1997),
laboratory studies demonstrated that human volunteers who had extensive drug histories
reported more “drug liking” when zolpidem was compared to other hypnotics (Evans et al.,
1990; Rush et al., 1999), while drug-naive individuals did not experience abuse-related
effects (Rush and Griffiths, 1996; Rush et al. 1998). A more recent study in healthy normal
female participants reiterated those observations, and implied that a therapeutic dose of
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zolpidem may have aversive-like effects in the absence of drug experience (Licata et al.,
2008).

Despite evidence and subsequent marketing indicating that zolpidem poses little threat to the
average person, a number of case reports to the contrary have surfaced in the literature.
Abuse and physical dependence accompanied by serious withdrawal symptoms have been
reported in individuals who were prescribed a therapeutic regimen of zolpidem (i.e., 5 or 10
mg at bedtime) to treat insomnia. Although patients had no drug abuse histories, they
escalated their intake gradually over time to reach supra-therapeutic doses ranging anywhere
from 60 mg to 2,000 mg per day (Gilbert and Staats, 1997; Liappas et al., 2003; Krueger et
al., 2005; Cubata and Landowski, 2007; Huang et al., 2007; Svitek et al., 2008). In many of
these cases patients claimed they consumed ultra-high doses in order to reduce daytime
anxiety, although zolpidem purportedly has limited anxiolytic effects compared to
benzodiazepines (e.g., Rowlett et al., 2006; but see Bailey et al., 2009).

In light of widespread use of zolpidem among individuals who are likely to experience
insomnia due to clock disturbances, such as military personnel (Caldwell and Caldwell,
2005), emergency medicine professionals (McBeth et al., 2009), or jet-lagged travelers
(Jamieson et al., 2001), the uncertainty regarding the extent of its abuse potential warrants
further study. Therefore, the present study was designed to document the drug-induced
subjective effects of multiple doses (0, 5, 10, or 20 mg) of zolpidem in drug-naive
volunteers who were participating in a brain imaging study. It was hypothesized that the
supra-therapeutic dose (20 mg) would increase self-reported ratings of abuse-related
subjective effects, while the lower therapeutic doses (5 and 10 mg) would not.

Eleven healthy male (6) and female (5) non-smoking volunteers completed the assessments.
Volunteers were between the ages of 21-35 (average age was 24.2 + 2.3 years; mean + SD),
and they had an average of 16.6 + 1.7 years (mean + SD) of education. They could not
report >10 lifetime recreational experiences with drugs of abuse, and they could not meet
DSM-IV criteria for drug or alcohol abuse or dependence (participants reported consuming
<6 alcoholic beverages per week). Additional criteria required that volunteers had no family
history of alcoholism, no personal history of diagnosis with a DSM-1V Axis | or
neurological disorder, no medications, and they would have had to tolerate the high dose of
zolpidem during a separate laboratory visit (i.e., did not vomit or report nausea following
acute oral administration of 20 mg zolpidem), in order to be invited to participate in the
study. Upon arriving at the laboratory prior to all study visits, participants were screened for
drug use (QuickTox® urine screen kits, Branan Medical Corporation; Irvine, CA) and breath
alcohol level (AlcoSensor, Intoximeter; Saint Louis, MO). Female participants were
administered a QUPID® urine pregnancy test (Stanbio Laboratory; Boerne, TX); pregnancy
was a contraindication in this study. Any participant who would have been positive on any
screen would have been rescheduled and sent home (although none did). All participants
were transported to and from the laboratory via taxicab. This study was reviewed and
approved by the McLean Hospital Institutional Review Board. All volunteers provided
informed consent and were compensated for their participation.

Study design

Subjective assessments took place over four separate study visits as one component of a
double-blind, placebo-controlled, functional magnetic resonance imaging study (imaging
results are in preparation to be presented elsewhere). Participants were administered one of
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four treatments (0, 5, 10, or 20 mg zolpidem, p.0.) 30 min prior to the beginning of a 60-min
scanning session. Participants answered a series of computerized questionnaires periodically
throughout the experimental session in order to provide information about the drug-induced
subjective effects they were experiencing. The shortened version of the Addiction Research
Center Inventory (ARCI) is a standardized set of scales consisting of 49 true/false items that
have been derived in order to measure stimulant-like (Benzedrine group: BG),
amphetamine-like (AMPH), euphoric (Morphine-Benzedrine group: MBG), sedative- or
intoxicating-like (Pentobarbital-Chlorpromazine-Alcohol group: PCAG), and
psychotomimetic or dysphoric (Lysergic acid diethylamide: LSD) drug effects (Jasinski,
1977). The visual analog scale (VAS) required participants to respond to a list of 15 items
(“anxious”, “high”, “sleepy”, “good effects”, “dizzy”, “nauseous”, “loose”, “bad effects”,
“confused”, “carefree”, “restless”, “like”, “willing to take again”, “willing to pay for”, and
“mentally slow”) by placing a mark on a 100-mm continuum that used “not at all” or
“extremely” as anchors to report how they were feeling at that moment. In addition to the
abuse-related queries in the VAS regarding like, willingness to take again, and willingness
to pay for, a Drug vs. Money Choice questionnaire also was administered. This
questionnaire was a loose adaptation of the Multiple-Choice Procedure developed by
Griffiths et al. (1993) to assess the abuse-related effects of drugs. Participants made 10
hypothetical choices between the study drug and various amounts of money ($0.35, $0.50,
$0.85, $0.95, $2.00, $3.25, $4.75, $6.50, $9.00, $10.00) presented in a pseudo-random
order. All questionnaires were administered repeatedly throughout the experimental session:
at 0 min (baseline), 15 min (prior to entering the scanning suite), 90 min (at the end of the
scanning session), and then every 30 min thereafter until 6 hours post-drug administration.
At the end of the experimental session, a final 5-item questionnaire required participants to
rate the overall effects of the drug they received. The items were “drug strength”, “drug
liking”, “good effects”, “bad effects”, and “would take drug again”, and they were rated
using the continuum described above. All computerized questionnaires were administered
on Macintosh computers running in-house software (Study Log Master v.79).

Physiological monitoring

Physiologic data was collected on an Atlas™ patient monitor (Welch-Allyn Protocol, Inc.;
Chicago, IL), and included blood pressure, heart rate, oxygen saturation, and skin
temperature. All measures were monitored continuously throughout the session and recorded
at the same time points as the subjective data, as described above.

Data analysis

The ARCI, VAS, and physiological measures were analyzed using two-way repeated
measures ANOVAs examining the within-subjects factors of treatment by time. The end-of-
day questionnaire was analyzed by one-way ANOVA examining the effect of drug
treatment. The Drug vs. Money Choice questionnaire data were analyzed by one-way
repeated measures ANOVA examining the effects of each zolpidem dose on overall
percentages of drug choices relative to money (irrespective of monetary value) throughout
the session. Additional comparisons between zolpidem dose and each monetary value were
evaluated by one-way repeated measures ANOVA examining the percentages of drug choice
relative to the specific amount of money, throughout the session. All data were analyzed
using standard statistical software (SigmaStat 3.1; Systat Software, Inc.; San Jose, CA and
SPSS 17.0 for Windows; SPSS Inc.; Chicago, IL) with alpha set at 0.05. When appropriate,
ANOVA treatment effects were assessed further post hoc using Bonferroni t-tests for
multiple comparisons.
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Of the five ARCI items, only PCAG and BG were affected by zolpidem. For PCAG, there
were significant effects of treatment [F(3 39)= 6.68, p< 0.001], time [F(11,110)= 6.60, p<
0.001], and the interaction between them [F (33 330)= 1.83, p< 0.005]. Post-hoc analyses
revealed significant effects of treatment at a number of time points, such that the 5 mg dose
increased ratings earlier than the 10 mg dose, and the duration of the increase in PCAG was
longest for the highest dose (20 mg; Figure 1, top). Similar results were found for BG, in
that not only were there significant effects of treatment [F(3 30)= 4.77, p<0.01], time
[F(11,120= 7.10, p< 0.001], and the significant interaction between them [F (33 330)= 1.52, p<
0.05], but post-hoc analyses revealed significant reductions in BG scores that persisted for a
longer duration at the 20 mg dose (Figure 1, bottom). Ratings of MBG, AMPH, and LSD
showed no treatment effects (data not shown).

Ratings for most items on the visual analog scale showed an effect of treatment, time, or
both. Significant main effects of treatment were observed primarily following the 20 mg
dose, such that relative to all other doses (0, 5, and 10 mg), zolpidem increased self-reported
ratings of “high” [F (3 330)= 9.95, p< 0.001], “sleepy” [F(3 330)= 12.93, p< 0.001], “good
effects” [F(3,330)= 13.53, p< 0.001], “dizzy” [F (3 330)= 8.18, p< 0.001], and “bad effects”
[F(3,330)= 6.85, p< 0.001]. Similarly, the highest dose of zolpidem increased ratings of
“nauseous” [F(3 330)= 5.06, p< 0.01], “loose” [F(3 330)= 3.58, p< 0.025], “like” [F (3 330)=
3.92, p< 0.02], and “mentally slow” [F(3 330)= 5.10, p< 0.01] relative to placebo. “Confused”
[F(3,330)= 5.68, p<0.005] was increased relative to the lowest dose as well as placebo.

Over the course of the experimental session, only “high” [F(33330)= 1.72, p< 0.01], “sleepy”
[F(33’ 330)~ 2.68, p< 0.001], “like” [F(33’330)= 1.61, p< 0.025], and “confused” [F(33'330)=
1.68, p< 0.02] showed a significant interaction between treatment and time (Figure 2). When
participants rated their feelings of “high”, placebo and 5 mg zolpidem had no effect. The 10
mg dose increased feelings of “high” at 120 min, but 20 mg increased those feelings at 90,
120, 150, and 180 min. Ratings of “sleepy” were not affected by placebo, but were increased
120 min after administration by 5 and 10 mg, while 20 mg increased ratings at 90, 120, 150,
180, and 240 min. Placebo and the therapeutic dose of zolpidem had no effect on self-
reported ratings of drug liking, while the low dose increased feelings of “like” for much of
the experimental session (e.g., 120, 150, 180, 240, 270, 300, and 330 min post-
administration). The high dose increased ratings of “like” at similar times, appearing as soon
as 90 min, but not persisting beyond the 240 min time point. In contrast to the other items,
only the supra-therapeutic dose (20 mg) had an effect on ratings of “confused” that occurred
120 150, 180, and 270 min post-administration.

Drug vs. Money Choice

The choice questionnaire contained ten hypothetical choices to be made between the drug
treatment the participant had received that day and various amounts of money. No dose of
zolpidem modulated choice relative to placebo at any individual time point, and participants
consistently chose money over zolpidem throughout the experimental session. Given the
lack of effect of time, data for each drug vs. money choice were averaged across the entire
experimental session. Comparisons between each specific monetary value and the different
doses of zolpidem also failed to reveal significant treatment effects, particularly at monetary
values greater than $1 (data not shown).
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1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Licata et al.

End-of-Day

Page 5

Four of the five items on the end-of-day questionnaire demonstrated significant treatment
effects. Zolpidem was different from placebo when participants rated “drug strength”
[F(3,30)= 10.97, p< 0.001], “drug liking” [F(3 30)= 4.76, p<0.001], “good effects” [F(3 30)=
5.02, p<0.01], and “bad effects” [F(3 30)= 3.78, p< 0.025], but there was only a trend toward
an effect on “would take drug again” [F(3 309)= 2.82, p= 0.055]. As shown in Figure 3,
participants rated all three doses of zolpidem as having more “drug strength” than placebo,
while the other effects were a function primarily of the highest dose.

Physiological Measures

Analyses of the physiological data indicated no treatment effects for measures of heart rate,
oxygen saturation, and skin temperature (data not shown). Systolic (but not diastolic) blood
pressure exhibited a significant treatment effect [F(3 39)= 3.24, p< 0.05] such that average
systolic pressure (mean + SEM) over the course of the entire experimental session was
higher after participants received the 10 mg dose (114.0 + 0.9) relative to placebo (110.0 +
0.8), while the 5 mg (111.8 = 0.5) and 20 mg (112.6 £ 0.9) doses had no effect.

Discussion

The present study documented the subjective effects of multiple doses (0, 5, 10, or 20 mg) of
zolpidem across a six-hour experimental session in healthy drug-naive volunteers. In
general, zolpidem increased self-reported measures of sedation, and although abuse-related
feelings such as “high”, “like”, and “good effects” were reported (particularly at the highest
dose administered), zolpidem had no impact on hypothetical choices between zolpidem and
money.

Subjective drug effects were evaluated using self-report instruments such as the ARCI and
an investigator-constructed VAS. Consistent with a number of other published studies
(Evans et al., 1990; Rush and Griffiths, 1996; Rush et al., 1998; Stoops and Rush, 2003;
Licata et al., 2008, 2009), sedative-like effects of zolpidem were revealed by increases in
ratings on the sedation/intoxication (PCAG) scale and corresponding decreases on the
stimulant-like (BG) scale, following administration of both the therapeutic (5 and 10 mg)
and supra-therapeutic (20 mg) doses. Zolpidem also increased ratings of “sleepy”, although
the lower doses resulted in only isolated increases in “sleepy”, suggesting that the
standardized questionnaire may have superior sensitivity to the VAS when assessing these
effects (de Wit and Griffiths, 1991). No zolpidem-induced changes in euphoric (MBG),
dysphoric/psychotomimetic (LSD), or amphetamine-like (AMPH) effects were reported
using the ARCI, while there were VAS increases in ratings of “confused” as well as “high”
and “like”.

Over the course of the session the VAS ratings of abuse-related items were increased to
some extent by all three doses of zolpidem. Specifically, the 10 and 20 mg doses increased
ratings of “high”, while “like” was increased by 5 and 20 mg. It is not surprising that the 10
mg dose did not engender feelings of “like” since this dose increased ratings of overall “bad
effects” on the questionnaire administered at the end of the session, and it produced a
number of generally unpleasant feelings in healthy volunteers (Licata et al., 2008, 2009). In
this regard, 10 mg may be ideally situated on the dose-response function for therapeutic use.
In contrast, even though high doses of zolpidem have been shown to produce nausea and/or
emesis (Evans et al., 1990; Balkin et al., 1992; Rush et al., 1998, 1999) and here 20 mg
produced overall “bad effects” on the End-of-Day questionnaire, it also increased overall
“good effects” and “drug liking”, albeit modestly. Therefore, the supra-therapeutic dose of
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zolpidem in particular produces some abuse-related subjective effects in drug-naive healthy
individuals.

Despite increased feelings of being high or liking the drug that was administered, End-of-
Day ratings for “would take drug again” did not reach significance for any dose of zolpidem
in these drug-naive participants. Moreover, findings from the Drug vs. Money Choice
questionnaire revealed that when participants were given a hypothetical choice between the
drug administered to them or various sums of money, zolpidem was almost never chosen at
any time during the course of the session. In other words, healthy non drug-abusing
individuals preferred money in amounts as small as $ 0.35 in lieu of any dose of zolpidem.
Although the extent to which a drug high is a positive subjective experience that can
influence later use is not known (Schuckit et al., 1997), drug liking has been positively
associated with the likelihood of abuse in recreational drug abusers (see reviews by de Wit
and Griffiths, 1991; Griffiths and Weerts, 1997). Whether this translates to a healthy drug-
naive population is unclear, but these results suggest that the zolpidem-induced subjective
experiences of “high” and/or “like” were insufficiently rewarding to influence choice for
drug over money or to precipitate willingness to take the drug again at some point in the
future. The present discordant findings are not necessarily unusual; they are consistent with
previous studies reporting dissociation between drug liking and the reinforcing effects of a
number of drugs from different classes (Lamb et al., 1991; Stoops et al., 2005; Lile et al.,
2010; but also see Roache and Griffiths, 1989).

While the present results are in agreement with another study in which drug-naive
participants chose money exclusively relative to zolpidem (Rush and Griffiths, 1996), the
choice paradigm used here may have advantages over those reported on previously (e.g.,
Mumford et al., 1995; Griffiths et al., 1996; Correia and Little, 2006). For instance, since
choices were purely hypothetical, they were not confounded by conditioned responses that
would be elicited by reinforcement with either drug or money. Both are tangible reinforcers,
and money in particular likely has acquired value through complex learned associations that
subsequently may motivate responding differently than would a simulated reward (Di Chiara
etal., 1999; Bray et al., 2010). Moreover, since hypothetical or imagined outcomes often
drive goal-directed behavior in everyday life, presentation of a hypothetical choice in the
laboratory may lead the individual to reveal the probable outcome if s/he were to be
presented with a similar choice in situ. Thus, hypothetical choice procedures may expose at-
risk tendencies among recreational drug users (Petry and Bickel, 1998) and healthy
individuals alike. In contrast, when using choice conditions that offer the tangible
reinforcement of a monetary reward, it is possible that thoughts would be directed primarily
toward how money would be spent (Bray et al., 2010).

In addition to the information that potentially could be gleaned from using a hypothetical
scenario, the choice paradigm employed here was designed to examine how chosen
outcomes (i.e., money or drug) may change over time, as well as how they may be altered
under the influence of drug. Administering the questionnaire repeatedly throughout the
session was aimed at providing a unique perspective on the impact of reported subjective
effects on any change in drug value since participants made their selections not only while
experiencing the effects of zolpidem, but also after the drug effects had subsided. This
potential was not realized in the context of the present results, and the choices that were
made likely reflect the limited potential of zolpidem for abuse and/or dependence in
individuals who have no history of drug or alcohol abuse.

While these findings are encouraging for the practitioner who would be inclined to prescribe
zolpidem to treat transient insomnia, its abuse potential still is somewhat ambiguous.
Therapeutic doses appeared not to pose any threat, but the highest dose of zolpidem in
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particular appeared to engender abuse-related effects. Interestingly, the extreme cases of
abuse and dependence reported in the literature involved supra-therapeutic doses of
zolpidem (Gilbert and Staats, 1997; Liappas et al., 2003; Krueger et al., 2005; Cubata and
Landowski, 2007; Huang et al., 2007; Svitek et al., 2008). However, closer examination of
the case studies revealed that although those zolpidem-abusing individuals had no histories
of abusing drugs or alcohol, most had histories of psychiatric disturbances (Liappas et al.,
2003; Cubata and Landowski, 2007; Huang et al., 2007) or chronic pain (Gilbert and Staats,
1997; Krueger et al., 2005), both of which may have led to titrating the dose of zolpidem
upward without a physician’s supervision. Psychiatric illness may be considered a risk factor
for abusing zolpidem (see review by Hajak et al., 2003) because benzodiazepine-type drugs
commonly are prescribed to alleviate some of the symptoms associated with several Axis |
disorders (e.g., Karmacharya et al., 2008; Rao and Zisook, 2009; Westenberg, 2009), while
pain also may present an opportunity for abusing zolpidem, since antinociceptive effects
have been demonstrated at high doses in preclinical pain models (Pick et al., 2005; Munro et
al., 2008). Healthy participants in the present study did not report either upon examination
during the screening visit, but future studies should investigate further the specific
characteristics of a zolpidem-abusing population in order to differentiate who is likely to
abuse this drug. Although zolpidem has been shown to be similar to benzodiazepines with
respect to behavioral and subjective effects (see review by Rush, 1998), its unique
behavioral pharmacology at the GABA receptor (Benavides et al., 1988; Sanna et al.,
2002) as well as its unlikely effects in the treatment of movement disorders (Abe, 2008) and
brain injury and/or coma (Shames and Ring, 2008; Whyte and Myers, 2009) together
suggest that the extent of how it acts in various populations of people cannot simply be
assumed.

In summary, the present investigation demonstrated modest abuse-related effects of
zolpidem in healthy drug-naive participants. Specifically, a supra-therapeutic dose of
zolpidem (20 mg) significantly increased abuse-related subjective effects relative to the
therapeutic doses (5 and 10 mg) in drug-naive participants. However, despite having
experienced feelings of drug high, drug liking, and a willingness to take zolpidem again
(provided it was given to them), those effects appeared insufficient to encourage participants
to choose zolpidem over money at any point during the experimental session. One
interpretation is that it seems unlikely that healthy individuals (i.e., in the absence of a
history of drug abuse, psychiatric disturbance, or chronic pain) would seek out zolpidem on
their own for the purpose of abuse. The alternative is that contrary to original beliefs,
zolpidem may have modest potential for facilitating abuse and/or dependence.
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Figure 1.

Zolpidem-induced increases in the sedative/intoxicating effects [Pentobarbital,
Chlorpromazine, Alcohol Group (PCAG,; top)] as well as decreases in the stimulant-like
effects [Benzedrine Group (BG; bottom)] as assessed by the ARCI. All values are means
SEM. Symbols represent significant differences from placebo (p< 0.05) where * is for 5 mg,
t is for 10 mg, F is for 20 mg, and ¥ denotes significance for all three doses. Maximum
rating scales for PCAG and BG are 15 and 13, respectively; scales have been shortened for
illustrative clarity.
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Zolpidem-related changes in self-reported subjective effects over the course of the
experimental session as assessed with the VAS. All values are means = SEM. Symbols

represent increases in ratings of “high

, “sleepy”, “like”, and “confused” that were

significantly different from placebo (p< 0.05), where * is for 5 mg, t is for 10 mg, and
denotes significance for 20 mg. Range of VAS ratings was from 0 to 100; scales have been

shortened for illustrative clarity.
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Figure 3.

Self-reported ratings of the subjective effects “drug strength”, “good effects”, “bad effects”,
“drug liking”, and “would take drug again” on a questionnaire administered at the end of the
experimental session. All values are mean £ SEM. Symbols represent significant differences
from placebo (p< 0.05), where T represents differences in Good Effects, ¥ is Bad Effects,
and ¥ is Drug Liking. Range of ratings was from 0 to 100; scales have been shortened for
illustrative clarity.
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