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The Effect of Gamma-Hydroxybutyric Acid on 
Naloxone-Precipitated Opiate Withdrawal 
Marc I. Rosen, M.D., H. Rowland Pearsall, M.D., Scott W. Woods, M.D., 
and Thomas R. Kosten, M.D. 

Because gamma-hydroxybutyric acid (GHB), a GABA 
metabolite, attenuated spontaneous opiate withdrawal in a 
prior study, we studied GHB's effect on naloxone
precipitated opiate withdrawal. Eight opiate-dependent 
inpatients were stabilized on the opioid levorphanol, 18 mg 
daily. After an initial acclimatization challenge, subjects 
underwent three double-blind challenges on consecutive 
days. Pretreatment in a balanced randomization was with 
either placebo, GHB, 15 mg/kg, or GHB, 30 mg/kg, followed 
an hour later by intravenous naloxone, 0.4 mg/70 kg. GHB 
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Clonidine's utility in opiate detoxification is limited by 
side effects including hypotension (Rudd and Blaschke 
(1985) and lack of efficacy against subjective withdrawal 
symptoms (Jasinski et al. 1985; Kosten et al. 1985). A 
new medication, gamma-hydroxybutyric acid (GHB) is 
an alternative treatment, with the potential advantage 
over clonidine of a different side effect profile. GHB is 
an endogenous GABA metabolite found in low concen
trations in the human brain (Doherty et al. 1978) and in 
higher concentrations in other body tissues (Nelson et 
al. 1981). It has been described as an endogenous neu
rotransmitter because of the presence of specific high
affinity receptors for GHB and not for GABA (Bena
vides et al. 1982), the specificity of GHB antagonists 
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produced no significant attenuation of multiple withdrawal 
measures except for hot-cold feelings. GHB pretreatment 
slightly accelerated respiration prior to naloxone. 
Differences with prior studies may be due to (1) timing of 
GHB administration (giving postwithdrawal in prior 
studies), (2) direct reversal of GHB's anti-withdrawal 
effects by naloxone, or (3) differences between naloxone
precipitated and spontaneous opiate withdrawal. 
[Neuropsychopharmacology 14:187-193, 1996) 

(Schmidt et al. 1991), and GHB's presence principally in 
the synaptosome of cells (Maitre et al. 1983). GHB's ef
fects on other neurotransmitter systems are complex 
(Snead 1977; Tunnicliff 1992). The dopaminergic effects 
of GHB and GHB-receptor ligands have been character
ized as "neurolepticlike" based on their ability acutely 
to inhibit dopamine release from striatal slices and their 
effects on neuroleptic-responsive motor tests (Hechler 
et al. 1993). Low doses of GHB produce a slight excita
tion in substantia nigra single-unit recordings, and higher 
doses produce inhibition (Engberg and Nissbrandt 1993). 
The combined effect of inhibition of dopamine release 
and increased dopamine synthesis is thought to lead to 
an overall increase in striatal dopamine levels (Walters 
and Roth 1972). GHB is also thought to increase brain 
acetylcholine (Snead 1977). GABA-B antagonists reverse, 
and GABA-B agonists mimic the effects of GHB on sub
stantia nigra dopamine neurons (Engberg and Niss
brandt 1993). 

In the United States GHB has orphan drug status for 
the treatment of narcolepsy. It has been piloted for a va
riety of clinical uses, including anesthesia enhancement 
(Blumenfeld et al. 1962; Aldrete and Barnes 1968), treat
ment of Parkinson's disease (Papavasiliou et al. 1973), and 
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prevention of relapse to alcohol use (Gallimberti et al. 
1989). Therapeutic doses of GHB are well tolerated; no
body from a sample of 48 pilot patients taking GHB to 
treat narcolepsy discontinued GHB treatment because of 
side effects (Mamelak et al. 1986). Recently there have 
been reports of illicit GHB use (Centers for Disease 
Control 1991; Mack 1993; Wilkinson 1994). 

In a preliminary study GHB robustly suppressed 
signs and symptoms of opiate withdrawal (Gallimberti 
et al. 1993). Twenty-two heroin dependent and 19 meth
adone-dependent subjects were hospitalized and then 
had their opioid discontinued. The withdrawing sub
jects were then randomized to a single dose of 25 mg/ 
kg of GHB or placebo, and withdrawal was rated over 
the ensuing 180 minutes. Within 15 minutes, observer
rated withdrawal severity for the GHB group was less 
than half that of the placebo group. The patients ran
domized to GHB (total N = 19) were then all success
fully detoxified from opiates over an 8-day period using 
GHB every 2 to 4 hours over the first 2 days and every 4 
to 6 hours over the next 6 days. 

The current study was designed to determine whether 
GHB, given prior to naloxone, attenuates the severity of 
naloxone-precipitated opiate withdrawal. In this study, 
opioid-dependent subjects on a stable dose of the opi
oid levorphanol first underwent a double-blind accli
matization challenge, in which they received placebo 
GHB followed by naloxone, 0.2 mg intravenously. On 
three consecutive subsequent days, subjects received a 
randomized sequence of placebo, GHB, 15 mg/70 kg, and 
GHB, 30 mg/70 kg; 1 hour after GHB administration, 
subjects received 0.4 mg/70 kg of intravenous naloxone. 
The eight subjects were block-randomized to each of 
the six possible GHB sequences, with the two final sub
jects randomized to an ascending and descending GHB 
dose sequence. 

METHODS 

Subjects 

Eight subjects gave written informed consent and were 
paid to complete this inpatient study. Two other subjects 
were enrolled but did not complete all four challenges; 
the sequences these subjects received were assigned to 
subsequent subjects. At the conclusion of the study, 
subjects were detoxified from levorphanol and referred 
for clinical treatment. Age ranged from 23 to 42 years, 
and all subjects were male. Six were Caucasian, and two 
were Hispanic. Subjects were told that the purpose of 
the study was to determine the effects of GHB on opiate 
withdrawal. Prior to enrollment, subjects had a screen
ing physical examination and laboratory tests, includ
ing complete blood count with differential, thyroid 
function tests, liver function tests, serum pregnancy tests 
when appropriate, EKG, urinalysis, urine toxicology 
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testing (EMIT), and serum glucose, electrolyte, BUN, and 
creatinine levels. Subjects with evidence of serious med
ical, neurological, or psychiatric illness or of alcohol or 
sedative dependence were not enrolled. 

Screening and admission urine toxicology (EMIT) 
confirmed opiate abuse in all subjects. Heroin depen
dence upon hospitalization was defined by a recent his
tory of withdrawal symptoms, at least twice-daily her
oin use for the 30 days prior to admission, and 
withdrawal in response to 0.2 mg of intramuscular 
naloxone upon admission. Duration of heroin use aver
aged 7 years (range 3-12 years). All used intravenous 
heroin, except for one intranasal user. Concurrent drugs 
of abuse during the 30 days prior to admission were 
nicotine (n = 7), cocaine (n = 3), cannabinoids (n = 1), 
and benzodiazepines (n = 2; neither subject was depen
dent). 

After verification of opiate dependence with nalox
one, subjects were given the orally effective opioid 
levorphanol at 6 mg three times daily and oxazepam, 30 
mg, every 2 hours as needed for residual withdrawal 
symptoms. Naloxone challenges began after subjects 
denied any subjective withdrawal for at least 1 day 
without oxazepam (levorphanol stabilization for 5 to 20 
days; mean of 10.5 days). 

The level of dependence induced by this levorphanol 
dose was chosen to be comparable to the level of depen
dence induced by 25 mg of methadone. These calcula
tions were based on the clinically observed fivefold 
greater relative analgesic potency of subcutaneous meth
adone over levorphanol Gaffe and Martin 1985) and on 
levorphanol's potency when substituted for maintenance 
morphine in morphine-dependent subjects (Isbell and 
Fraser 1953). We have noted somewhat greater subject
rated withdrawal severity after 0.2 mg of intravenous 
naloxone in subjects stabilized on 25 mg of methadone 
daily [peak mean approximately 30 on a 100-point visual 
analog scale (VAS); Rosen et al. 1995] than in subjects 
stabilized on this maintenance dose of levorphanol receiv
ing the same naloxone dose (peak mean approximately 
20; Rosen et al. in press). 

Experimental Procedure 

Subjects fasted after breakfast prior to challenges and 
were connected to an intravenous line. GHB was admin
istered 2 hours before the subjects' regularly scheduled 
3:00 P.M. levorphanol dose. GHB was supplied by the 
Sigma F and D Division (Saint Louis, MO) in a powder 
form as the sodium salt (Catabate). It was administered 
as a 17% solution in Cherry Syrup (USP), with syrup 
alone as placebo. Naloxone was infused over a I -minute 
period 1 hour later. One hour after naloxone, the sub
jects received their scheduled levorphanol dose. 

Outcome measures of severity included subject-rated 
withdrawal, observer-rated withdrawal, vital signs, skin 
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temperature, and pupil photo size. Subjects rated with
drawal severity on a VAS from Oto 100, with anchors at 0 
(None), 50 (Average), and 100 (Worst Ever). A single ob
server, blind to the purpose of the study, completed a 12-
item, anchored scale of observable withdrawal behaviors, 
based on the scale of Peachey and Lei (1988). Each of 
the following 12 items was rated from O to 4: tearing, na
sal congestion, yawning, coughing/ sneezing, goose
flesh, sweating, tremor, restlessness, nausea/vomiting, 
muscle ache, diarrhea/ cramps, and hot/ cold. Counts 
were made for the preceding 5 minutes of yawns, nasal 
sniffs, sneezes/ coughs, muscle twitches, and muscle 
stretching. (Scale available from authors upon request). 
Skin temperature was measured by a thermistor attached 
to the subjects' index fingertip. Blood pressure and pulse 
were measured automatically by a vital signs monitor 
(Dinamapp ). The above data were collected at time 
points (relative to the naloxone administration) of -90, 
-65 (prior to GHB administration), -10, 5, 10, 15, 20, 
25, 30, 40, 50, and 60 minutes; vital signs were assessed 
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at -75, -20, and -5 minutes as well. Pupils were pho
tographed by a Polaroid camera with 2 X magnification 
at -90, -75, -30, -5, 15, 30, and 60 minutes. Pupil 
photo size was measured by calipers. 

DATA ANALYSIS 

Individual withdrawal signs and symptoms were the 
dependent measures. The acclimatization challenge was 
omitted. Dependent measures were first summarized as 
the difference between pre-GHB baseline (mean of val
ues prior to GHB) and post-GHB values (mean of val
ues post-GHB, prior to naloxone). The area under the 
curve (AUC) of the change from baseline was then cal
culated using the trapezoidal method, as a change from 
the baseline (mean of values prior to GHB) to all the 
post-naloxone time points, divided by 60 minutes. With 
this method of calculating AUC change/time, dependent 
measures that represent the sum of counts over the pre-

Table 1. Mean (SEM) AUC Change/Time from Baseline by GHB Condition 

Placebo 15mg 30mg 
Sign (n = 8) (n = 7) (n = 8) ANOVA 

W ID Total 10.7 (1.6) 10.9 (1.9) 9.6 (1.6) NS 
Tearing 1.5 (0.3) 1.5 (0.3) 1.5 (0.2) NS 
Nasal 1.7 (0.3) 1.6 (0.6) 1.7 (0.4) NS 
Nasal count 2.4 (0.8) 2.5 (1.3) 2.4 (0.7) NS 
Yawns 1.8 (0.4) 1.7 (0.4) 1.5 (0.4) NS 
Yawn count 2.9 (0.8) 2.7 (0.7) 2.3 (0.7) NS 
Sneeze 0.3 (0.2) 0.4 (0.3) 0.3 (0.2) NS 
Sneeze count 0.4 (0.2) 0.5 (0.4) 0.4 (0.3) NS 
Twitch 0.7 (0.3) 1.2 (0.5) 0.8 (0.3) NS 
Twitch count 1.2 (0.5) 3.0 (1.4) 1.6 (0.7) NS 
Muscle tension 1.4 (0.3) 1.1 (0.4) 1.4 (0.3) NS 
Tension count 1.2 (0.5) .80 (0.4) 1.0 (0.4) NS 
Restlessness 0.8 (0.3) 0.6 (0.2) 0.4 (0.3) NS 
Nausea 0.3 (0.2) 0.5 (0.2) 0.5 (0.1) NS 
Diarrhea/ cramps 0.5 (0.2) 0.5 (0.2) 0.4 (0.1) NS 
Hot/cold 1.0 (0.2) 0.7 (0.2) 0.7 (0.1) Significant• 
Goose flesh 0.4 (0.2) 0.5 (0.3) 0.4 (0.2) NS 
Sweating 0.4 (0.2) 0.6 (0.7) -0.1 (0.2) NS 
Subject rated VAS 29.8 (5.8) 27.5 (7.1) 25.5 (4.5) NS 

Vital Signs 
SBP(mmHg) 8.6 (3.1) 7.3 (3.0) 9.3 (4.2) NS 
DBP(mmHg) 7.0 (1.3) 7.7 (1.3) 7.0 (2.8) NS 
Pulse (/min) 4.6 (3.7) 3.8 (2.7) 1.1 (2.0) NS 
Respiration (/min) -1.4 (1.2) -0.3 (0.4) -0.9 (0.7) NS 
Skin (°F) -3.3 (1.3) -3.6 (1.0) -2.6 (1.4) NS 

Eye 
Pupil photo size (mm)b 1.1 (0.3) 1.8 (0.3) 1.6 (0.4) NS 

Bold, value differs from placebo in planned comparison. Italic, placebo change values are significantly (p < 
.05, two-tailed) different from zero, reflecting a nonzero change from baseline after naloxone. 

a F(df 2,12) = 4.7, p < .04. 
bN = 6 for full ANOV A because of subject missing pupil photos for placebo GHB challenge. 
Italic, placebo change values are significantly (p < .05, two-tailed) different from zero, reflecting a non/ 

zero change from baseline after naloxone. 
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Figure 1. Mean(± SEM) subject-rated withdrawal over time by GHB condition (n = 7) (-e- placebo, ···<>··· 15 mg GBH, 
-0- 30mgGHB). 

ceding 5 minutes (e.g., counts of yawns, muscle stretches, 
etc.) yield ADC-change/minute scores five times the 
number of occurrences/minute. The two summary val
ues (baseline difference and ADC-change/time) were 
analyzed in a one-factor (GHB dose) repeated measures 
analysis of variance (ANOVA) with planned compari
sons at each active GHB dose to placebo. Univariate anal
yses and the Huynh-Feldt correction for departure from 
sphericity were used. All F ratios with p values less than 
.05 (two-tailed) were noted as significant. One subject 
did not receive naloxone after GHB, 15 mg/kg, because 
of lack of intravenous access; this subject is not included 
in the full ANOVA of AUC change/time or in graphs of 
withdrawal measures over time but is included in the 
planned comparison of placebo and 30 mg. One subject's 
pupil photo size data were not obtained in the GHB pla
cebo challenge. Another subject's skin temperature could 
not be collected in any challenge because of equipment 
failure. 

RESULTS 

Effects of GHB prior to Naloxone 

The only baseline difference score to vary across GHB 
conditions was respirations. Respirations decreased a 
mean of 2.1 breaths/per minutes (:::t::1.1) in the placebo 

from the 30-mg dose (mean = 0) and there was no sig
nificant difference from placebo. The subjects were not 
in withdrawal prior to GHB administration, and base
line difference scores were the same across GHB condi
tions. 

Effects of GHB on Opiate Withdrawal: 
Physiological Signs 

The AUC change in withdrawal values with placebo 
GHB pretreatment was robust and in the expected direc
tions. Table 1 indicates the AUC change (divided by 60 
minutes) of 8.6 mmHg/minute in SBP, 7.0 mmHg/ 
minute in DBP, 4.6 bpm in pulse, and 1.1 mm/minute in 
pupil photo size. As expected, skin temperature decreased 
an average of 2.5° /minute. None of these changes were 
altered by GHB administration. 

Effects of GHB on Opiate Withdrawal: 
Behavioral Signs 

As indicated in Figures 1 and 2, substantial subjective 
and observer-rated withdrawal was elicited by nalox
one administration. Table 1 includes the 12 symptoms 
that comprise "withdrawal" in Figure 2. The only sig
nificant main effect of GHB on any measure of with
drawal severity was attenuation of "hot/ cold," which was 
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Figure 2. Mean(= or - SEM) observer-rated withdrawal over time by GHB condition (n = 7) (----e- placebo, ... <) ... 15 mg 
GHB, · D - 30 mg GHB). 

less subject-rated withdrawal with active GHB [F(df2, 
12) = 0.4, nonsignificant]. 

DISCUSSION 

The main finding of this study was that GHB had mini
mal effects on naloxone-precipitated opiate withdrawal. 
These results were consistent across a number of with
drawal measures. Possible explanations for the differ
ence from findings in spontaneous withdrawal include 
(1) differences in timing of GHB administration (given 
postwithdrawal in prior studies); (2) the fact that nalox
one may directly reverse GHB's anti-withdrawal effects; 
or (3) behavioral or neurochemical differences between 
naloxone-precipitated and spontaneous opiate with
drawal. 

A sample size of seven in the full ANOVA would be 
sufficient to detect an effect size (F) of 0.7 with a power 
of .08 [alpha = .05, two-tailed (Cohen 1988)). There is 
little evidence of a trend toward GHB attenuation in our 
data. Several of the measures shown in Table 1 are pre
cise, long-recognized measures of opiate withdrawal. 
Table 1 indicates robust withdrawal measured by these 
indicators and weak or no attenuation by GHB. For ex
ample, the mean AUC change of 2.9 yawns (e.g., an in
crease of roughly 2.9 yawns were counted every five 
minutes X 12 five-minute intervals = 33 yawns in 60 
minutes) was not significantly altered by GHB pretreat-

ment. Our group has demonstrated attenuation of 
naloxone-precipitated opiate withdrawal signs in seven 
subjects by pretreatment with the alpha-2 antagonist 
clonidine (Rosen et al. in press). Specific signs attenuated 
included pulse, systolic blood pressure, skin tempera
ture, tearing, and nasal congestion. 

The difference between these results and those of 
Gallimberti et al. (1993) may be affected by the timing of 
GHB administration in the two studies. Gold et al. (1980) 
tested clonidine's anti-withdrawal efficacy after metha
done discontinuation, using a paradigm similar to that 
of Gallimberti et al. (1993). Gold et al. reported far greater 
subjective relief of withdrawal symptoms than studies 
that used clonidine to prevent withdrawal Gasinski et al. 
1985). A study comparing placebo to dynorphin given af
ter the onset of withdrawal in opiate addicts found that 
placebo effected an approximately 20% reduction of sub
ject-rated withdrawal and somewhat less attenuation of 
observer-rated withdrawal (Wen and Ho 1982). It is pos
sible that some of the categorical measures (present or 
absent) of withdrawal signs in the Gallimberti study of 
spontaneous withdrawal may have been influenced by 
subjective relief at getting active medication. 

An across-study comparison of the untreated with
drawal severity in the Gallimberti study and in our 
study suggests that there were equal or higher reported 
frequencies of most withdrawal signs in the Gallimberti 
study than in ours. Gallimberti et al. (1993) reported 
that post discontinuation of methadone (n = 13) or her-
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oin (n = 14) and prior to GHB administration, 80% or 
more or of the subjects had each of the following: nau
sea, anxiety /restlessness, aching muscles or bones, yawn
ing, tachycardia, and increased blood pressure. Hot and 
cold flashes were noted in 74% of subjects, gooseflesh in 
71 %, and vomiting in 18%. By way of comparison, the 
percentages for our subjects withdrawal after placebo 
GHB pretreatment were 100% demonstrating hot and 
cold flashes, 38% having gooseflesh, and none vomit
ing. However, the time courses of withdrawal in the two 
studies were different, with a much more rapid, acute
onset withdrawal after naloxone administration than 
after opioid discontinuation. 

One possible explanation for GHB's nonattenuation 
of naloxone-precipitated opiate withdrawal is that GHB's 
effects may be mediated by opiate receptors that are 
blocked by naloxone. High doses of naloxone have been 
reported to reverse GHB's EEG (Snead and Bearden 1980) 
and cerebral metabolic effects in the rat (Crosby et al. 
1983), although naloxone does not reverse GHB-induced 
sleep or striatal dopamine changes in mice (Devoto et 
al. 1994). It is unlikely that GHB acts through mu opiate 
receptors, as GHB does not cause analgesia (Sherman 
and Gebhart 1975) or significant pupillary constriction 
at lower doses [<50 mg/kg (Metcalf et al. 1966)) as mu 
opiates do. Our results suggest that GHB did not pro
duce mu opioid effects, as pupil photo size was numeri
cally the same (7.4 mm) before and after the 30-mg/kg 
GHB dose. In fact, there was a nonsignificant trend toward 
larger pupil photo size changes post naloxone after 30 
mg/kg of GHB compared with placebo [Table 1; F(df-
1,5) = 4.8; p = .08)). The slightly increased respiration 
rate after the 15-mg/kg GHB dose (before naloxone) 
does not suggest mu activity either. Alternatively, it is 
possible that GHB could attenuate spontaneous opiate 
withdrawal by stimulating release of endogenous kappa 
agonists and that naloxone's binding to kappa receptors 
reverse these effects. One investigator has implicated 
kappa (Snead 1987) and delta (Snead and Bearden 1982) 
opioids in inducing epileptiform activity and noted the 
reversal of GHB-induced seizures by naloxone. A microdi
alysis study suggests that GHB enhances release of opi
oidlike substances in the striatum (Hechler et al. 1991). 

Our study did not demonstrate an effect of GHB on 
any aspect of naloxone-precipitated opiate withdrawal 
except for hot and cold feelings. A controlled study of 
GHB in clinical detoxification would be necessary to an
swer definitively the question of GHB's clinical anti
withdrawal efficacy. 
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