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Gamma-hydroxybutyrate (GHB) is a drug with significant abuse potential. The present study aimed to
assess the relative value of escalating doses of GHB to current GHB users via the Multiple Choice
Procedure (MCP), and to validate that the dose rated highest with the MCP would be self-administered
at a greater rate than placebo. Participants were 5 current GHB users who were not currently trying to
stop using GHB. To examine the value of escalating doses of GHB, the following doses of GHB were
used: 0 (placebo), 12.5, 25, 37.5, and 50 mg/kg. Participants typically assigned higher doses of GHB had
higher crossover points on the MCP. During choice sessions, participants made repeated choices
between administering GHB, placebo or nothing. All participants selected GHB exclusively (5 out of 5
instances) except for one participant who selected GHB on 4 out of 5 instances, thus 96% (i.e., 24/25)
of choices were for active GHB. Based on these data, GHB appears likely to function as a dose-
dependent reinforcer for humans based on our sample.
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substance abuse

Gamma-hydroxybutyrate (GHB) is a metab-
olite of gamma-amino-butyric acid (GABA)
that was first synthesized in 1960, and was
originally investigated as an anesthetic because
of its ability to rapidly permeate the blood-
brain barrier and induce a sleep-like state
(Kam & Yoong, 1998; Leone, Vigna-Taglianti,
Avanzi, Brambilla, & Faggiano, 2010). Subse-
quently, GHB has been investigated in the
treatment of sleep disorders (e.g., Scrima,
Hartman, Johnson, Thomas, & Hiller, 1990),
depression (e.g., Mamelak, 2009), anxiety
(e.g., Ferrara et al, 1999), and in the
reduction of acute alcohol and opiate with-
drawal symptoms (e.g., Gallimberti, Spella,
Soncini, & Gessa, 2000). GHB is typically
administered orally or intravenously.

The abuse potential of GHB became appar-
ent during the 1980s and 1990s when the drug
was unregulated and uncontrolled. GHB was
routinely used by weightlifters to increase
muscle mass based on unsubstantiated reports
that it stimulated release of human growth

This work was supported by NIDA RO1DA14871. The
authors wish to thank Arif Kareem, MD, Christina Hard-
ing, Ph.D., Desey Tzortzias, Todd Helmus, PhD, Christine
Waimey, Ph.D., and James Anderson, Ph.D.

Correspondence concerning this article should be
addressed to John M. Roll, Ph.D., Associate Dean of
Research, College of Nursing, 427C, PO Box 1495,
Spokane, WA 99210-1495 (e-mail: johnroll@wsu.edu).

doi: 10.1901/jeab.2012.97-323

hormones and enhanced effects of steroid use,
and was later used by dieters for its purported
weight control effects (Kam & Yoong, 1998).
GHB has also been implicated as a date rape
drug, or a drug administered to facilitate a
sexual assault (Carter, Pardi, Gorsline, &
Griffiths, 2009; Weiss & Colyer, 2010). GHB
may be administered in order to produce
symptoms of acute intoxication, amnesia, and
diminished mental capacity (Wang, Swick,
Carter, Thorpy, & Benowitz, 2009). Recognition
of the potential for abuse and misuse of GHB
led the United States Food and Drug Adminis-
tration (FDA) to classify nonmedical GHB as a
Schedule I controlled substance in 2000.

GHB is a central nervous system depressant
exerting a peak effect 30-45 min postingestion
(Abanades et al., 2006). Research has indicat-
ed that GHB is capable of producing initial
stimulant effects (particularly in humans with
no history of sedative abuse) and later sedative
effects (e.g., Abanades et al., 2007; Oliveto et
al., 2010). The adverse effects of GHB use
include: dizziness, weakness, nausea, emesis,
hypothermia, depressed respiration, apnea,
difficulties with peripheral vision, agitation,
confusion, delirium, hallucinations, loss of
consciousness, and coma (Ingels, Rangan,
Bellezzo, & Clark, 2000; Leone et al., 2010).
There was a dramatic increase in hospital
emergency department reports involving GHB
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from 1992-1996 (Greenblatt, 1997). GHB has
also been a contributing factor in several
deaths, typically in combination with alcohol
or other drugs (Leone et al.). GHB withdrawal
syndromes have been reported by a number of
investigators, suggesting that some individuals
have become dependent on GHB (e.g., Kim,
Anderson, Dyer, Barker, & Blanc, 2007).

Preclinical studies of GHB have established
GHB as a discriminative stimulus (Winter,
1981) and demonstrated that other substances
(i.e., PCP, heroin) do not generalize to GHB in
discrimination tests (e.g., Beardsley, Balster, &
Harris, 1996). In a line of elegant behavioral
pharmacology work, France and colleagues
demonstrated that GHB exerts its effect pri-
marily through the GABAD receptor, although
other sites also contribute to GHB’s effect (e.g.,
Carter, Koek & France, 2009; Koek, Mercer,
Coop & France, 2009). Drug discrimination
studies with ethanol and GHB have yielded
mixed results, with cross generalization occur-
ring between the two substances but only within
a narrow range of doses (Colombo et al., 1995).
In preclinical self-administration studies, rats
bred to self-administer alcohol exhibited stron-
ger preference for GHB self-administration
over water than did alcohol-nonpreferring rats;
however, even alcohol-preferring rats alternat-
ed between GHB and water (Colombo et al.,
1998). Other self-administration studies using
rhesus monkeys have demonstrated that GHB
failed to produce reliable responding over
placebo, serving as a weak positive reinforcer
in only a few cases (Beardsley et al., 1996;
Woolverton et al.,, 1999). Recent work has,
however, demonstrated that baboons will self-
administer GHB, demonstrating that it does
function as a reinforcer in at least one
nonhuman primate species (Goodwin, Ka-
minski, Griffiths, Ator & Weerts, 2011).

While research on drug discrimination,
abuse potential, and the reinforcing efficacy
of GHB in humans has been limited, several
findings are noteworthy. For example, Carter,
Griffiths, and Mintzer (2009) examined the
cognitive effects of GHB compared to triazo-
lam, and reported that while both substances
produced increases in ratings of drug effects,
GHB produced fewer cognitive and psycho-
motor impairments. Abanades et al. (2007)
examined the abuse potential of GHB com-
pared to other drugs (e.g., flunitrazepam,
ethanol). Their results indicated that GHB
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produced more pleasurable effects (e.g., eu-
phoria) than other substances, suggesting a
high abuse potential among users seeking
these types of effects (e.g., club drug users).
Research has also demonstrated that GHB
produces dose-related increases on subjective
ratings of drug effects (e.g., sedative effects,
stimulant effects, positive mood, dissociative
effects) and drug liking (Oliveto et al., 2010).

An improved understanding of the reinforc-
ing effects of GHB in current GHB users in
humans is needed in order to better character-
ize its abuse potential. The present study used
the Multiple Choice Procedure (MCP; Griffiths,
Troisi, Silverman, & Mumford, 1993) to evalu-
ate the relative value of GHB among current
GHB users when compared to monetary
compensation. The MCP was developed as a
pragmatic approach for studying drug rein-
forcement (Griffiths et al., 1993), and has been
validated for use with multiple substances of
abuse (Griffiths, Rush, & Puhala, 1996; Kidorf,
Stitzer, & Griffiths, 1995; Schmitz, Sayre,
Hokanson, & Spiga, 2003). The MCP requires
participants to make several choices between a
substance and escalating amounts of monetary
compensation. The monetary crossover point
(the point at which the participant stops
selecting the drug and begins selecting money)
quantifies the putative reinforcing effects of the
drug in reference to money.

Variants of this type of choice procedure
have been wused frequently to infer the
reinforcing efficacy of drugs of abuse (de
Wit, Pierri, & Johanson, 1989; Higgins, Bickel,
& Hughes, 1993; Higgins, Roll, & Bickel, 1996;
Johanson & de Wit, 1989; Johanson, Mattox,
& Schuster, 1995; Woolverton & Johanson,
1984). Carter, Richards, Mintzer, and Griffiths
(2006) used the MCP to determine the
reinforcing efficacy of GHB, and compared
the crossover values for GHB with those for
other sedatives with known abuse potential
(i.e., triazolam and pentobarbital). Their
results indicated that the effects and overall
abuse potential of GHB overlapped with those
of the other sedative/hypnotic drugs. Addi-
tionally, they reported a dose-dependent in-
crease in crossover point for GHB.

The aims of the present study were (1) to
evaluate the relative value of escalating doses
of GHB among current GHB users via the
MCP, and (2) to examine the extent to which
GHB would be self-administered relative to
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placebo. We hypothesized that monetary cross-
over points on the MCP would escalate as dose
of GHB escalated (H1) and that GHB would
be reliably chosen for self-administration over
placebo (H2).

METHOD
Participants

The participants were 5 individuals who
were currently using GHB but not seeking
treatment for their GHB use. Participants were
recruited from the greater Los Angeles area,
and were Caucasian (n = 4) or Korean (n =1).
Two participants were female and the mean
age was 35 (range 27-42).

Participants met the following inclusion
criteria: (a) 21-45 years of age; (b) used
GHB at least once a month for the past 2 years;
(c) reported weekly GHB use during the past
6 months; and (d) were cleared for participa-
tion by the study physician after physical
examination and laboratory tests were re-
viewed. Participants were excluded from par-
ticipation if they met any of the following
exclusion criteria: (a) history of or evidence
suggestive of seizures or brain injury; (b)
previous medically adverse reaction to GHB,
including loss of consciousness, chest pain, or
seizure; (c) history of major psychiatric illness
other than drug dependence or disorders
secondary to drug use; (d) evidence of
untreated clinically significant heart disease
or hypertension or untreated or unstable
medical illness (including untreated thyroid
disease, autoimmune disease, and tuberculo-
sis); (e) pregnancy; (f) medication use during
the study other than occasional use of acet-
aminophen or antacids; (g) significant family
history of early cardiovascular morbidity or
mortality; (h) current drug dependence (ex-
cepting nicotine); (i) currently on probation
or parole; and (j) more than three uses of
GHB per week over the past four weeks.

During the informed consent process, par-
ticipants were instructed that they were taking
part in a study designed to examine how
sedative medications alter their behavior,
mood and physiological functions. They were
informed that GHB may be received and were
instructed regarding the format of different
experimental sessions. All study participants
received counseling about substance depen-
dence and were advised that treatment for
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substance abuse was indicated and available.
Applicants not participating in the study
received treatment referral information as
appropriate. At completion of their participa-
tion, participants were again advised that
treatment was indicated and available, and
were given treatment referral information and
assistance. Participants were evaluated weekly
by a clinical psychologist to ascertain any
changes in their desire to seek substance abuse
counseling.

Apparatus

Physiological monitoring was conducted
with a Space Labs medical system model
#90367 (Redmond, WA).

Procedures

General procedures. Participants were housed
as inpatients in the General Clinical Research
Center (GCRC) of UCLA. They were instruct-
ed to refrain from illicit and prescription drug
use and alcohol for the duration of the study.
Additionally, participants were not allowed to
have caffeine, nicotine or solid foods for 1 hr
prior to their scheduled sessions. Participants
who were cigarette smokers were required to
smoke a cigarette of their preferred brand 1 hr
before the beginning of experimental sessions
in order to insure that the time since last
cigarette was constant across participants. To
monitor compliance with restrictions on alco-
hol, nicotine and other drug use, breath
alcohol levels (BALs) and carbon monoxide
(CO) levels were measured (via Intoximeter
and Bedfont Smokerlyzer) and urine speci-
mens were collected for drug screening prior
to the start of each experimental session.
Finally, a field sobriety test was conducted at
the beginning of each experimental session to
assess for acute intoxication.

Experimental sessions were conducted at
approximately the same time of day for a given
participant and were separated by 24 hr.
Experimental sessions were conducted in a
quiet room of the GCRC with research and
medical staff present. Medical personnel mon-
itored cardiac and respiratory function during
drug administration periods and for 2 hr
following drug administration. Participants
remained comfortably seated during experi-
mental sessions except for brief visits to the
lavatory.
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MCP Example

For each of the following choices, please indicate your
preference by circling the appropriate response

1.Joday’s dose of GHB> vs $1.00

2. $1.25

3. Today’s dose of GHB vs

4. Today’s dose of GHB  vs
5. Today’s dose of GHB  vs ($2.00

oday’s dose of GHB> vs

Fig. 1.

Sample Multiple Choice Procedure form. On each numbered line, the participant would circle their

preferred item (GHB or money). In this example, the monetary crossover point is $1.50.

Putative reinforcing efficacy assessed via the MCP.
The MCP (Griffiths et al., 1993) was used to
assess relative value, compared to money, of
escalating doses of GHB. The MCP required
participants to make repeated choices between
two potential reinforcers (drug vs. money).
The MCP form consisted of 100 items assessing
preference between today’s dose of GHB and
monetary compensation values ranging from
$0.25 to $25.00. To complete the MCP,
participants made a series of choices between
today’s dose of GHB (dose of drug that they
sampled earlier in the day) and monetary
compensation (see Figure 1 for a sample
portion of the MCP form). Participants were
instructed before each MCP form was admin-
istered that they would receive one of their
choices on the last day of the phase. On Day 6,
one of the choices that participants made on
days 1-5 was randomly selected using a
random number generator and the corre-
sponding choice was given to participants
(either money or drug).

Phase 1. Phase 1 consisted of six sessions. At
the beginning of the first five sessions,

participants were seated and connected to
physiological monitoring equipment and an
indwelling catheter so that baseline physiolog-
ical measures (heart rate, oxygen saturation,
digit temperature and blood pressure), blood
samples, and digital photographs of pupils
could be taken prior to drug administration.
After 30 min, participants received one of the
following doses of orally delivered GHB or
placebo, in an ascending order across sessions:
0 (placebo), 12.5, 25, 37.5, 50 mg/kg. The
order of exposure to drug and placebo during
these first five sessions was purposefully ar-
ranged so that we could ramp the dose up in
an incremental fashion to assess tolerability in
each participant and to facilitate the pharma-
cokinetic assay (described below).

Following placebo or drug administration,
physiological measures, blood draws, and
pupil photographs were taken over a 4-hr
period. Physiological measures were recorded
every 5 min and pupil photographs were taken
every 15 min. Blood for pharmacokinetic
analysis was drawn prior to and at 10, 20, 30,
and 45 min and at1, 1.5, 2, 2.5, 3,4, 5, and 6 hr
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after dosing. A detailed description of the
gas chromatography/mass spectrometry assay
used in the present study is available in Frison,
Tedeschi, Maietti, and Ferrara (2000). This
assay is more convenient and simpler than
other published assays, yet still produces valid
and reliable measurements.

Four hr after placebo or drug ingestion,
physiological measures were taken every
15 min for a 2-hr period. During this time,
participants filled out the MCP form. Partici-
pants made repeated selections between the
dose of drug they received during the session
and an escalating amount of money. The point
at which preference for money supersedes
preference for the drug is referred to as the
crossover point. The crossover point can be
compared across days (e.g., across different
doses of GHB) and the relative value of each
dose can be compared. On Day 6, one of the
participant’s choices on the MCP was conse-
quated as described above.

At the conclusion of the session, the
indwelling catheter and physiological moni-
toring equipment were removed. The partici-
pant was then required to pass a field sobriety
test and, being deemed free from any residual
drug effects by the attending physician, was
released from the session. Participants re-
mained in the inpatient facility between
sessions.

Phase 2. The second phase consisted of 6 days
and was essentially a replication of Phase 1,
with the following exceptions: (1) no indwell-
ing catheter, as there was no pharmacokinetic
assessment; and (2) doses used in Phase 2 were
administered in a random fashion across
participants as their tolerability and safety
had been previously assessed. This procedure
had the advantage of removing the order of
dosing confound present in Phase 1 and
provided a repeated assessment of each dose.
After Phase 2, participants were eligible for
discharge. Prior to their discharge, partici-
pants scheduled a time for their return for the
completion of Phase 3 of the study.

Phase 3. Phase 3 consisted of nine sessions
with approximately 24 hr separating sessions.
Participants were re-admitted to the inpatient
unit on GCRC for the 9-day duration of Phase
3. All sessions were 3 hr in length. When
participants arrived for an experimental ses-
sion, breath and urine samples were collected
and screened (as in Phase 1) for the presence
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of any drug or metabolite. Baseline physiolog-
ical measures and blood draws were collected
and a field sobriety test was conducted.

Following collection of samples and assess-
ment of vital signs and sobriety, participants
were given a drug for immediate ingestion.
During Sessions 1 and 3, the drug was labeled
Drug A, and on Sessions 2 and 4 the drug was
labeled Drug B. For some of the participants,
Drug A was GHB and Drug B was placebo. The
order was reversed for other the participants.
The dose of GHB used was the dose that the
participant rated as most valuable (i.e., had the
highest crossover point) using the MCP in
Phase 1. Participants were instructed to note
the drug’s letter (i.e., A or B) and to attempt to
associate the letter with the effects of the drug.
Blood pressure and heart rate were monitored
every 20 min throughout the session. To
conclude the session a field sobriety test was
conducted and participants were dismissed.

The next five sessions were identical except
that at the beginning of each session partici-
pants were given a choice between self-
administering Drug A, Drug B, or neither.
Preference for a ‘“‘drug” was defined as
selecting that drug a minimum of four times
across the five choice sessions.

Compensation. Participants were paid $20 in
vouchers to local restaurants and stores for
completion of initial screening, and $30 in
cash for completion of medical screening,
including interviews, blood tests, and ECG,
which was scheduled over several days. Partic-
ipants were paid $1,400 in vouchers for the
3-week inpatient stay, with an additional $50 in
gift certificates if the entire study was complet-
ed. The money that was earned during the
MCP session was paid to participants in cash at
the end of the study.

Drug dosing. Liquid GHB doses were diluted
with water and administered to participants
orally in a double-blind fashion.

Data collection. This was primarily a within-
subject design and therefore no random
assignment occurred; the exceptions being
during the first five sessions of Phase 2 when
GHB dose was randomized across participants
and during the first four sessions of Phase 3
when order of placebo and GHB administra-
tion was randomized across participants.

Statistical analyses. Stata (StataCorp, 2009)
was used to conduct all statistical analyses. We
used repeated-measures ANOVA to analyze
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the MCP outcome of mean crossover point
across GHB dose (placebo, 12.5, 25, 37.5, and
50 mg/kg) and Phase (1 and 2) of exposure.
We followed the primary analysis with a trend
analysis to examine specific patterns of MCP
crossover points over time and across GHB
dose. We used the binomial probability test to
analyze participants’ choices between GHB
and placebo for each of the five Phase 3
sessions in which they were asked to make
such a decision. Pharmacokinetic analyses
were performed using WinNonlin Version 4.1
(Pharsight Corporation, 1998).

RESULTS

Physiological Measures for Safety

Several domains of physiological function-
ing were assessed during the present study
to ensure participants’ safety. There were no
clinically significant deviations from baseline
physiological measures that were taken for
safety during the three phases of this experi-
ment.

Pharmacokinetic Analysis

Across the four dosage levels, the mean half-
life of GHB was 37.33 (+/— 5.84) min. The
mean clearance was 30.27 min. The mean time
that GHB was present at the maximum concen-
tration (Tmax) was 30.31 min and the mean
peak concentration (Cmax) was 2.06 mcg/ml.

Choice as a Function of GHB Dose: MCP and
Drug Choice

Figure 2 shows participant’s monetary cross-
over points across phases and across GHB
dose. Data are missing for the Phase 2
exposure to 50 mg/kg of GHB for Participant
5 because this participant had an adverse
reaction (emesis) to the initial 50 mg/kg dose.
In Phase 1, for 4 out of b participants, there
appeared to be a linear increase in crossover
values across GHB doses, Participant 5 being
the exception. In Phase 2, a similar increase in
crossover points was observed but there was a
tendency to value the highest dose less than
the 37.5 mg/kg dose, a pattern suggestive of
the inverted u-shaped function clearly ob-
served in Participant 3. A repeated- measures
ANOVA applied to the data collapsed across
Phases 1 and 2 revealed no significant impact
of time on the crossover point, but there was a
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significant effect of dose; F(4, 36) Greenhouse-
Geiser = 4.88, p < .05. A follow-up trend
analysis revealed a significant (F = 11.77, p <
.05) linear trend in the relationship between
dose of GHB and mean monetary crossover
point, and a significant (F = 9.75, p < .05)
cubic trend in the relationship between dose
of GHB and mean monetary crossover point.
The cubic trend could likely be interpreted as
a tolerance effect, even though the GHB was
administered in a randomized fashion during
Phase 2. The lowerright panel of Figure 2
displays the estimated mean crossover point
for participants across GHB dose and time of
exposure. Both the linear (11}2} = 0.75) and
cubic (17?) = 0.71) trends of the dose effect
represent large effects on the MCP decisions
across GHB dose and time of exposure.

During Phase 3, participants never declined
to receive either Drug A or B. Four of five
participants selected GHB over the placebo in
five out of five sessions; the exception was
Participant 5 who selected GHB in four out of
five sessions. Thus 96% (i.e., 24/25) of choices
were for active GHB; a pattern of choice
significantly different (p < 0.05) than would
be expected by chance alone.

DISCUSSION

We evaluated the relative value of escalating
doses of GHB to current GHB users via the
MCP. The MCP crossover point generally
increased in a stepwise manner as dose of
GHB increased (during some trials, there was a
tendency to value the highest dose less than
the 37.5 mg/kg dose). This increase in
crossover points serves as a proxy for the value
of GHB to current GHB users, with higher
crossover points suggesting higher reinforcing
efficacy. Based on these results, GHB appears
likely to function as a dose-dependent rein-
forcer for humans. To further substantiate this
observation we assessed participant’s proclivity
to choose GHB relative to placebo in a choice
paradigm. Participants overwhelmingly chose
GHB over placebo when given the opportunity
on five different occasions (24/25 choices
were for GHB). These results provide further
evidence that GHB can likely function as a
reinforcer for humans engaged in recreational
use of GHB, a finding that is consistent with
the limited research in this area (e.g., Carter
et al., 2006). The inclusion of two measures of
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drug taking (i.e., the MCP and a traditional
choice task) in the same group of participants
is a novel contribution to the existing litera-
ture on GHB in humans. The results from
both assays suggest that GHB can serve as a
reinforcer for regular users of GHB. This
provides some additional validation of each
procedure.
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Individual participant and mean monetary crossover points across GHB doses and phase of exposure.

The results of the present study also have
implications for current examinations of the
utility of GHB in the treatment of an existing
substance use disorder (i.e., to treat acute
alcohol or opiate withdrawal symptoms). As
mentioned previously, the potential therapeu-
tic uses of GHB are often accompanied by
concerns about the possible risk for abuse and
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misuse of the drug. Currently, researchers are
examining the risks and benefits of applying
GHB in the treatment of alcoholism (e.g.,
Leone et al., 2010; Sewell & Petrakis, 2011).
Specifically, concerns exist about whether the
use of GHB to treat a patient with a history of
substance abuse will result in the abuse of
GHB. When prescribed to treat alcohol with-
drawal symptoms, GHB is typically prescribed
in doses of 50-100 mg/kg divided over three
to four doses per day (see Leggio, Kenna, &
Swift (2008) for a review of GHB doses that
have been effective in the treatment of alcohol
withdrawal). The abuse potential of GHB does
not necessarily preclude an examination of its
utility as a treatment agent for reducing the
symptoms of acute alcohol withdrawal. Given
that our results showed a linear increase in
crossover values across GHB doses (even at
doses as low as 12.5 mg/kg and 25 mg/kg),
additional research on the potential risks of
prescribing GHB to a patient with a history of a
substance use disorder is clearly warranted.

Several future directions for research are
warranted based on our findings. During the
second exposure to GHB on the MCP sessions,
most participants’ crossover point for the
50 mg dose was less than at the 37.5 mg dose.
This finding may indicate a developing toler-
ance to GHB, or it may indicate that higher
doses of GHB result in a level of intoxication
or sedation that reduces the reinforcing value.
Either way, this finding is interesting and
warrants further evaluation. Additionally, fu-
ture studies would benefit from collecting data
on participants’ typical GHB dose and route of
administration in their home environments to
determine whether this influences choices on
the MCP or preference for lower versus higher
doses. The extent to which these findings can
be generalized to GHB-naive participants is
also an important area of future research,
given the results of Oliveto et al. (2010) that
indicated that stimulantlike effects of GHB
are often reported by those without sedative
abuse backgrounds.

Our results provide an enhanced under-
standing of the relative value, and potential
reinforcing efficacy, of GHB that makes a
significant scientific contribution to the very
limited research currently available on the
abuse potential and reinforcing value of GHB
in humans. The sample size for the present
study (N = 5) limits the external validity of the
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findings, and future replications of the present
study using a larger participant sample may be
warranted. While our results appear to support
the hypothesis that GHB operates as a dose-
dependent reinforcer in humans, further self-
administration studies will be needed to
substantiate this claim.
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