













Comparative Abuse Liability of GHB and Ethanol in Humans
Matthew W. Johnson and Roland R. Griffiths
Johns Hopkins University School of Medicine
Gamma-hydroxybutyric acid (GHB; sodium oxybate) is approved for narcolepsy symptom treatment, and
it is also abused. This study compared the participant-rated, observer-rated effects, motor/cognitive,
physiological, and reinforcing effects of GHB and ethanol in participants with histories of sedative
(including alcohol) abuse. Fourteen participants lived on a residential unit for
1 month. Sessions were
conducted Monday through Friday. Measures were taken before and repeatedly up to 24 hours after drug
administration. Participants were administered GHB (1, 2, 4, 6, 8, and 10g/70kg), ethanol (12, 24, 48, 72,
96, and 120g/70kg), or placebo in a double-blind, within-subjects design. For safety, GHB and ethanol
were administered in an ascending dose sequence, with placebos and both drugs intermixed across
sessions. The sequence for each drug was stopped if significant impairment or intolerable effects
occurred. Only 9 and 10 participants received the full dose range for GHB and ethanol, respectively. The
highest doses of GHB and ethanol showed onset within 30 minutes, with peak effects at 60 minutes. GHB
effects dissipated between 4 and 6 hours, whereas ethanol effects dissipated between 6 and 8 hours.
Dose-related effects were observed for both drugs on a variety of measures assessing sedative drug
effects, abuse liability, performance impairment, and physiological effects. Within-session measures of
abuse liability were similar between the two drugs. However, postsession measures of abuse liability,
including a direct preference test between the highest tolerated doses of each drug, suggested somewhat
greater abuse liability for GHB, most likely as a result of the delayed aversive ethanol effects (e.g.,
headache).
Keywords:
Gamma-hydroxybutyric acid, GHB, sodium oxybate, ethanol, alcohol
Gamma-hydroxybutyric acid (GHB; sodium oxybate) is a nat-
urally occurring, biologically active metabolite of the neurotrans-
mitter gamma-aminobutyric acid (GABA), with low affinity and
efficacy for GABA-B receptors (
Lingenhoehl et al., 1999
;
Ma-
thivet, Bernasconi, De Barry, Marescaux, & Bittiger, 1997
) and
high affinity for the GHB receptor (
Hechler, Gobaille, & Maitre,
1992
). GHB is currently marketed in the United States for the
treatment of cataplexy associated with narcolepsy and excessive
daytime sleepiness associated with narcolepsy. In addition, GHB
has been used as a recreational drug. GHB use has been associated
with emergency department visits, with over 1,000 per year for the
years 2004–2009 (
Substance Abuse & Mental Health Services
Administration, 2011
). Epidemiology and case reports show that
GHB is used as a recreational drug, with some users meeting
Diagnostic and Statistical Manual of Mental Disorders
, fourth
edition (
DSM–IV
) criteria for dependence (
Craig, Gomez, McMa-
nus, & Bania, 2000
;
Degenhardt, Darke, & Dillon, 2002
;
Galloway
et al., 1997
;
McDaniel & Miotto, 2001
).
Understanding the abuse liability relative to other drugs of abuse
is critical given the importance of its medical application and
substantial concerns over its abuse. As an example of the com-
plexity in balancing these issues, in the United States GHB is
controlled on a bifurcated schedule as a controlled substance.
Under this framework, GHB is regulated as a schedule I drug, with
the exception that the pharmaceutical product Xyrem, which con-
tains GHB as the active ingredient, is regulated as a schedule III
drug. Xyrem is approved for the treatment of cataplexy associated
with narcolepsy and excessive daytime sleepiness associated with
narcolepsy.
GHB is reportedly often consumed to increase sociability (
Mi-
otto et al., 2001
;
Stein et al., 2011
;
Sumnall, Woolfall, Edwards,
Cole, & Beynon, 2008
) with repeated administrations over the
course of an evening to maintain a desired level of effect (
Dean,
Morgenthaler, & Fowkes, 1997
). These use patterns, along with its
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liquid form and corresponding mode of administration (drinking),
are remarkably similar to those of alcohol (i.e., ethanol), the most
widely nonmedically consumed sedative hypnotic in the United
States and the world. Previous research suggests that the abuse
liability of GHB may be somewhat less than barbiturates, and
somewhat greater than benzodiazepines. This conclusion is drawn
from a laboratory abuse liability study (
Carter, Richards, Mintzer,
& Griffiths, 2006
) and a cross-study multidimensional review of
sedative hypnotic abuse liability (
Griffiths & Johnson, 2005
).
Limited information is provided by previous studies comparing
GHB to ethanol due to lack of dose effect examination and use of
relatively low doses (
Abanades et al., 2007
;
Thai, Dyer, Benowitz,
& Haller, 2006
). A direct comparison of the abuse liability be-
tween GHB and ethanol is relevant because (1) the aforementioned
similarities between the use of GHB and ethanol suggest potential
drug substitutability, (
Bickel, DeGrandpre, & Higgins, 1995
;
John-
son, Bickel, & Kirshenbaum, 2004
), which may explain why some
alcohol users may also become GHB users, and also may inform
the possible efficacy of GHB in treatment of alcoholism (
Addolor-
ato, Leggio, Ferrulli, Caputo, & Gasbarrini, 2009
;
Caputo, Vignoli,
Maremmani, Bernardi, & Zoli, 2009
;
Gallimberti, Spella, Soncini,
& Gessa, 2000
); (2) the abuse potential characteristics of alcohol
are widely known to both the scientific community and general
public, making alcohol a valuable comparator for GHB; (3) GHB
and alcohol are often used concurrently, therefore comparison of
their relative abuse liabilities at a wide range of doses may inform
future work investigating their interactive effects. This laboratory
study compared the behavioral, participant-rated, and observer-
rated effects of GHB and ethanol under double-blind conditions in
participants with histories of sedative (including alcohol) abuse. In
addition, a choice procedure was used in which participants were
readministered the highest tolerated dose of both drugs, and choose
which they preferred to receive once again on a final session.
Method
Participants
Fourteen (11 male and 3 female) community volunteers partic-
ipated in this residential research study. Participants were recruited
with posted notices and newspaper advertisements. Volunteers
were screened by telephone to determine whether they met major
inclusion/exclusion criteria, and thus whether they were eligible
for an in-person screening session. Participants had a history of
recreational nonmedical use of both ethanol and other sedative-
hypnotics to the point of intoxication within the last year. Although
participants had recent histories of use of these drugs, they were
not physically dependent (i.e., showed no withdrawal signs or
symptoms) as assessed by observation by nursing staff during the
first several days of living on the residential research unit. Other
inclusion criteria included being 21–50 years old, being within
20% of their ideal body weight according to Metropolitan Life
height-weight tables, and being healthy as determined by screening
for medical problems via a personal interview, a medical ques-
tionnaire, a physical examination, an electrocardiogram (ECG),
and routine medical blood and urinalysis laboratory tests. Exclu-
sion criteria included pregnancy (determined by urinalysis at
screening and weekly throughout participation) or breastfeeding
for females, a history of hypersensitivity/allergy or other contra-
indications to alcohol or other sedatives, or a history of current
serious medical or psychiatric conditions, including heart disease,
lung disease, diabetes, seizure disorders, significant gastrointesti-
nal disturbances, narrow angle glaucoma, sleep apnea, schizophre-
nia, bipolar disorder, paranoia, or multiple personality disorder.
Participants were compensated
$2,500 (85$ per day) for com-
pleting this study requiring living on a restricted residential re-
search unit for
1 month. The study was approved by a Johns
Hopkins Medicine Institutional Review Board, and all volunteers
signed written informed consent.
Drugs
GHB (Xyrem, 500
g
/ml GHB solution; Orphan Medical; Min-
netonka, MN, currently known as Jazz Pharmaceuticals, Palo Alto,
CA), ethanol (ethyl alcohol 95% USP, Warner Graham Co., Cock-
eysville, MD), and placebo were delivered in separate sessions
using the same vehicle solution, and consumed orally. Sodium
citrate solution (389
g
/ml, providing an equimolar concentration of
sodium relative to the GHB solution; also provided by Orphan
Medical) was used to match sodium content across conditions.
GHB drinks contained a 30-ml solution consisting of a combina-
tion of GHB solution (at the volume providing the intended dose)
and sodium citrate solution, to which 370 ml deionized water and
600 ml of cranberry juice cocktail (Ocean Spray; Lakeville-
Middleboro, MA) were added, bringing the total solution volume
to 1000 ml. Ethanol drinks contained 30 ml sodium citrate solu-
tion, to which 370 ml was added consisting of a combination of
ethanol (at the volume providing the intended dose) and deionized
water. To this 600 ml of cranberry juice cocktail was added,
bringing the total solution volume to 1000 ml. Placebo drinks
contained 30 ml sodium citrate solution, 370 ml water, and 600 ml
juice cocktail. The total solution was consumed over a targeted
15-min period, although at the higher ethanol sessions some par-
ticipants took up t
o1hto
consume all of the solution because of
unpleasant taste.
Procedure
This was a double-blind study, conducted on a 14-bed residen-
tial research unit, which compared the behavioral pharmacology of
GHB and ethanol. Participants were awoken by 0700 hours and
were allowed to smoke cigarettes until drug/placebo dosing at
approximately 0930 hours. Participants were maintained on a
caffeine-free diet for the duration of the study and were not
allowed to eat or drink caloric beverages after midnight before a
session. Participants were allowed to smoke cigarettes and eat after
1215 hours or after the drug effect resolved, whichever occurred
later. The experimental room contained a hospital bed, a chair, a
desk, an Apple Macintosh computer (Apple Computer, Inc., Cu-
pertino, CA), and an automated ECG and blood pressure monitor
(Criticare Systems Inc., Waukesha, WI). A crash cart was avail-
able in the event of a medical emergency. When not performing
experimental tasks, participants were allowed to engage in recre-
ational activities (e.g., watch TV or read).
GHB and ethanol were administered in separate sessions at a
range of doses in an ascending dose design. Sessions were con-
ducted once per day and generally took place 5 days per week
(Monday through Friday, except holidays). In some cases sessions
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