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INTRODUCTION

Gamma-hydroxybutyrate (GHB) is a sedative-hypnotic agent
that has been increasing in popularity with recreational illicit
drug users. Patients who overdose with GHB often present with
sedation, obtundation, and respiratory depression [1]. Clinical
management of patients with GHB intoxication predominantly
consists of supportive care. Prior animal studies have suggested
that flumazenil, a competitive benzodiazepine receptor antago-
nist, may blunt the affects of GHB [2–5]. Schmidt-Mutter and
colleagues reported that flumazenil blunted the anxiolytic affect
of GHB in rats [5]. However, Carai and colleagues recently re-
ported that flumazenil did not alter mortality rates in mice given

a toxic dose of GHB4. There are no reported human studies de-
scribing the use and clinical effect of flumazenil in GHB over-
doses.

The exact mechanism of GHB toxicity is unclear. Since GHB
is a short chain fatty acid that structurally resembles gamma-
aminobutyric acid (GABA), several authors have suggested that
GHB may interact with GABA A receptors, GABA B receptors, in-
dependent GHB receptors, or a combination of these [2,4,6]. We
sought to describe the clinical interactions of GHB and flumaze-
nil in a murine model of significant GHB intoxication. We hy-
pothesized that flumazenil would decrease the sedative effects of
GHB in a murine model of significant GHB intoxication. In this
pilot study, we did not calculate initial power samples.
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Abstract

Objective: Prior animal studies have suggested that flumazenil may blunt GHB’s sedative-hypnotic affects. We hypothesized
that flumazenil would decrease the affects of GHB in a murine model of intoxication.

Methods: We performed a controlled, pilot experiment using 32 mice divided into 3 groups. All mice received intraperitoneal
injections of GHB (1.5 g/kg). Group I received sham injections at time 0, and then GHB at 5 minutes. Group II received flumazenil
(0.3 mg/kg) at time 0, and then GHB at 5 minutes. Group III received sham injection at time 0, then GHB at 5 minutes, and then 4
escalating flumazenil doses administered at 3-minute intervals (0.003 to 1 mg/kg). We measured certain functions: time to loss/recovery
of righting reflexes (RR), time to sprawl/recovery of sprawl (postural tone [PT]), and death.

Results: There were statistically significant delays in the loss of PT and shortened recovery time to RR in pre-treated mice (group
II) versus controls (group I). There were no differences in group III versus group I for any outcome parameters.

Conclusions: In this model, pre-dosing flumazenil prior to GHB administration delayed clinical intoxication.
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METHODS

Study Design

We performed a controlled, interventional, pilot laboratory exper-
iment using mice. The study protocol was approved by our Animal
Care and Utilization Committee and complied with the National
Institute of Health’s guidelines for ethical animal research.

Study Protocol

We obtained 32 conditioned Swiss Webster mice with an
average weight of 25 grams. The mice were divided into 3
groups. All 3 groups received 1.5 g/kg of GHB by intraperi-
toneal (IP) injection. We chose this dose of GHB since this has
been roughly reported as the median lethal dose (LD50) [2].
Group I (n=8) received sham IP injections of normal saline at
time 0, and then GHB at 5 minutes. Group II (n=12) received
0.3 mg/kg of flumazenil at time 0, and then GHB in 5 minutes.
Group III (n=12) received sham injection of normal saline at
time 0, then GHB at 5 minutes, and then 4 escalating IP doses
of flumazenil every 3 minutes (0.003 mg/kg, 0.03 mg/kg,
0.3 mg/kg, 1 mg/kg). The following parameters were measured:
time to loss and recovery of righting reflexes, time to sprawl
and recovery of sprawl (postural tone), and death. Time mea-
surements began at the point of GHB injection. Investigators,
who were blinded to the treatment group, continually ob-
served and evaluated the study animals. Subjects were stimu-
lated and tested if it was unclear of the status of postural tone
and righting reflex.

OUTCOME MEASURES

Time intervals were recorded starting from the injection of GHB
until loss of postural tone and righting reflex. Time intervals
were recorded starting from GHB injection to the recovery of
postural tone and righting reflex. Mortality was documented
and all remaining animals were sacrificed at 4 hours.

DATA ANALYSIS

We compared the mean times of various intervals of the 3
groups, and parametric data were analyzed with Analysis of Vari-
ance with Tukey post-hoc tests. Frequency data were analyzed
with Fisher’s Exact test. P < 0.05 was considered statistically
significant.

RESULTS

Mean times are summarized in Table 1. Compared to the control
group (group I), mice pre-treated with flumazenil (group II)
showed a statistically significant delay in the loss of postural
tone and shortened recovery time to righting reflex. Compared
to the control group (group I), animals in the post-treatment
flumazenil group (group III) did not show significant differences
in outcomes. Furthermore, one animal in group I died and all
other animals in group I recovered within 4 hours. No animals
in groups II or III died.

Table 1 – Mean times (minutes) with standard deviations (SD)

Loss of PT Loss of RR Recovery of RR Recovery of PT Total-PT Total-RR

Group I 4.8 SD 0.3 20.5 SD9.6 101 SD 24.6 153 SD 10.0 149 SD 28.3 80 SD 17.0

Control
(n=8)

Group II 9.8 SD 2.8* 20.5 SD 4.5 30 SD 24.3* 143 SD 10.4 132 SD 10.4 45 SD 24.3*

Flu-GHB (p = 0.05) (p = 0.027) (p=0.029)
(n = 12)

Group III 5.8 SD 1.0 20.9 SD 8.0 118 SD 24.3 151 SD 20.8 145 SD 20.8 96 SD 24.3

GHB-FLU
(n = 12)

PT = postural tone
RR = righting reflex
Loss of PT is the time from GHB injection to the first recorded loss of postural tone
Loss of RR is the time from GHB injection to the first recorded loss of righting reflex
Recovery of RR is the time from GHB injection to the first recorded recovery of righting reflex
Recovery of PT is the time from GHB injection to the first recorded recovery of postural tone
Total-PT is the time interval from the loss of postural tone to the recovery of postural tone
Total-RR is the time interval from the loss of righting reflex to the recovery of righting reflex
* analyzed by ANOVA with Tukey HSD post-hoc tests
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LIMITATIONS

This was a pilot study with a limited number of subjects. We did
not establish a LD50 intraperitoneal dose of GHB in our study an-
imals but used a previously published dosing regimen [3]. Al-
though mice were profoundly sedated after receiving a reported
LD50 dose of GHB, only 1 subject died during the experiment.
We are unclear as to why our subjects experienced a low mortal-
ity and whether handling of the animals provided sufficient tactile
stimulation to prevent death. We attempted to measure righting
reflex and postural tone with minimal intervention. Righting re-
flex and postural tone are study tools used to evaluate basic in-
stinctive murine function. Righting reflex occurs when a mouse
is placed on its side and the mouse will instinctively set itself
upright on all four legs. Sprawl or postural tone is evaluated by
observing the mouse standing upright on all four legs. Loss of
postural tone occurs when the mouse slumps onto its abdomen.
Furthermore, we are unclear if subjects were given a larger dose of
GHB; there may have been a greater clinical effect of flumazenil.

DISCUSSION

Prior studies have investigated the interaction between non-
lethal doses of GHB and flumazenil [2,5–7]. The literature de-
scribing the interactions between toxic doses of GHB and
flumazenil is scant. Carai and colleagues recently reported that
flumazenil did not have any affect on mice given large doses of
GHB (7g/kg) [4]. All mice given the aforementioned dose expired
within 24 hours. Compared to Carai’s study, we used lower doses
of GHB (up to 1 mg/kg) and lower doses of flumazenil. In our
study, the mice in group II that received pre-treatment with
flumazenil had a delay of the sedating effects of GHB. Since
flumazenil is not known to interact with GHB or GABA B recep-
tors, this suggests that some of GHB’s effect may be through the
benzodiazepine-GABA A receptor complex suggested by Schmidt-
Mutter and colleagues. In their murine experiment, Schmidt-
Mutter and colleagues used lower doses of GHB (250 mg/kg) and
higher doses of flumazenil (10 mg/kg) in mice and reported that
flumazenil blunted the anxiolytic effects of GHB [5].

We decided to use lower doses of flumazenil than Carai or
Schmidt-Mutter because we suspected that high doses of flumaze-
nil might act as an agonist at the benzodiazepine receptor, facili-
tating the triggering of the GABA A receptors. Adachi and
colleagues, in their study investigating the interaction between
flumazenil and propofol, reported that high doses of flumazenil
increased the sedative-hypnotic effects of propofol [8,9]. In
Carai’s study, the use of high doses of flumazenil may have po-
tentiated the sedative properties of GHB [4].

CONCLUSION

Pre-dosing flumazenil prior to GHB administration significantly
delayed clinical GHB intoxication. There were no statistically
significant differences with outcome measures using high doses
of flumazenil administered after GHB. In this small pilot study
using a murine model, our preliminary results do not support
the routine clinical use of flumazenil in patients with GHB ob-
tundation.
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