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Abstract

Different effects of moderate to high doses of y-hydroxybutyric acid, including sedation/hypnosis, have been found to be blocked by
y-aminobutyric acidg (GABApR) receptor antagonists. The present study investigated whether the protective effect of GABAg receptor
antagonists extends also to y-hydroxybutyric acid-induced mortality. To this aim, the present study investigated the effect of the GABAg
receptor antagonist, (2S)(+)-5,5-dimethyl-2-morpholineacetic acid (SCH 50911; 100 mg/kg, ip), on mortality induced by y-hydroxybutyric
acid (1-6 g/kg, ip) in DBA mice. Pretreatment with SCH 50911 resulted in a significant shift to the right of the dose-response curve of
v-hydroxybutyric acid-induced mortality. Accordingly, the LDs, in SCH 50911-pretreated mice was significantly higher than that obtained in
water-pretreated mice. The results of the present study support the hypothesis that (a) the GABAg receptor is a relevant site of action of
v-hydroxybutyric acid, and (b) GABAp receptor antagonists may constitute potentially effective therapeutic interventions for

v-hydroxybutyric acid intoxication.
© 2004 Elsevier B.V. All rights reserved.

Keywords: y-Hydroxybutyric acid-induced mortality; GABAg receptor antagonist, SCH 50911; DBA, mouse

1. Introduction

Accumulating lines of experimental evidence suggest
that several pharmacological effects of y-hydroxybutyric
acid (also known as GHB), the recreational drug gaining
popularity—mostly in the U.S.—for its euphorigenic and
relaxant properties, are mediated by activation of the
v-aminobutyric acidg (GABApR) receptor (see Wong et al.,
2004). As an example, sedation/hypnosis produced by
relatively high doses of +y-hydroxybutyric acid in mice
was completely prevented by the administration of GABAg
receptor antagonists (Carai et al.,, 2001); the latter also
readily reversed vy-hydroxybutyric acid-induced sedation/
hypnosis once it was already present (Carai et al., 2001).
Further, GABApg receptor antagonists prevented motor
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incoordination (Quang et al., 2002) and inhibition of
locomotor activity (Nissbrandt and Engberg, 1996) pro-
duced by moderate to high doses of y-hydroxybutyric acid
in mice.

An increasing number of reports describe the fatalities
associated with overdoses of +y-hydroxybutyric acid in
humans (see Mason and Kerns, 2002). y-Hydroxybutyric
acid overdose has been reported to progressively produce
ataxia, labile levels of consciousness, respiratory depres-
sion, coma and death (see Mason and Kerns, 2002). These
signs are closely reproduced in rodents by the admin-
istration of high doses of y-hydroxybutyric acid. However,
to our knowledge, to date, no study has investigated the
neurobiological bases of +y-hydroxybutyric acid-induced
mortality or whether it can be prevented pharmacologi-
cally. Accordingly, the present study assessed the hypoth-
esis that the selective GABAp receptor antagonist,
(25)(+)-5,5-dimethyl-2-morpholineacetic acid (SCH
50911) (Blythin et al., 1996; Snead, 1996), may provide
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Fig. 1. Number of dead mice, out of 20 tested in each group, after the
combination of different doses of the GABAg receptor antagonist, SCH
50911, with 4.3 g/kg y-hydroxybutyric acid.

some degree of protection from <y-hydroxybutyric acid-
induced mortality in mice.

2. Materials and methods

The experimental procedures employed in the present
study were in accordance with the Italian Law on the
“Protection of animals used for experimental and other
scientific reasons” and approved by the Ethical Committee
of the University of Cagliari.

2.1. Animals

Male DBA mice (Charles River, Calco, LC, Italy),
weighing 25-30 g, were used. DBA mice were chosen
due to their particular sensitivity to the sedative/hypnotic
effect of y-hydroxybutyric acid (Carai et al., 2001). After
delivery to our animal facility, mice were left undisturbed
for 7 days to adapt to the new housing conditions. Mice
were housed 20 per cage in standard plastic cages with
wood chip bedding under a 12-h artificial light—dark cycle
(lights on at 7:00 a.m.), at a constant temperature of 22+2
°C and relative humidity of approximately 60%. Tap water
and standard laboratory rodent chow (Mucedola, Settimo
Milanese, MI, Italy) were provided ad libitum throughout
the experimental period.

2.2. Procedure

In Experiment 1 (SCH 50911 dose-curve), mice were
divided into groups of n=20 and treated with 0, 75, 100, 150
and 300 mg/kg SCH 50911 (these doses did not produce any
clear sign of toxicity when given alone in preliminary
experiments); 15 min later, mice were administered with 0
and 4.3 g/kg +y-hydroxybutyric acid (this dose of
v-hydroxybutyric acid was chosen because it corresponded
to the calculated LDso in a preliminary experiment). In
Experiment 2 (y-hydroxybutyric acid dose-curve), mice

were divided into groups of n=10 and treated with 0 and
100 mg/kg SCH 50911; 15 min later, rats were administered
with 1, 3, 3.3, 3.6, 4, 4.3, 4.6, 5 and 6 g/kg
v-hydroxybutyric acid. SCH 50911 (Tocris, Avonmouth,
UK) was dissolved in 12.5 ml/kg distilled water;
v-hydroxybutyric acid (sodium salt; Laboratorio Farm-
aceutico C.T., Sanremo, IM, Italy) was dissolved in 29.4
ml/kg distilled water. Both drugs were injected ip. Imme-
diately after drug injection, mice were housed singly and
monitored once a day for 21 consecutive days.

2.3. Statistical analysis

In Experiment 1, data were analyzed by a chi-square test
(dead; alive) (GraphPad Prism version 3.00, GraphPad
Software, San Diego, CA, USA). In Experiment 2, LDsqs of
v-hydroxybutyric acid, with 95% confidence limits, were
calculated using the above-mentioned computer program
and analyzed by a two-tailed #-test.

3. Results

In Experiment 1 (SCH 50911 dose-curve), the number of
mice which dead after the combination of different doses of
SCH 50911 and a fixed dose of y-hydroxybutyric acid was a
U-shaped function of SCH 50911 dose (P<0.01, chi-square
test) (Fig. 1). All deaths occurred during the first 3 days
after y-hydroxybutyric acid administration. Maximal pro-
tection by SCH 50911 was observed at the dose of 100 mg/
kg (14/20 mice survived). On the basis of this result, this
dose was chosen for the subsequent experiment.

In Experiment 2 (y-hydroxybutyric acid dose-curve),
pretreatment with 100 mg/kg SCH 50911 shifted the dose—
response curve of y-hydroxybutyric acid-induced mortality
to the right (Fig. 2). The LDsgs of y-hydroxybutyric acid in
water- and SCH 50911-pretreated mice were 3.93+0.15
(95% confidence interval: 3.65—4.27) and 4.41+0.02 (95%
confidence interval: 4.37-4.50) g/kg y-hydroxybutyric acid,
respectively (P<0.05, ¢-test). All deaths occurred during the
first 3 days after y-hydroxybutyric acid administration. SCH
50911 produced a complete protection from mortality
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Fig. 2. Number of dead mice, out of 10 tested in each group, after the

combination of the GABAg receptor antagonist, SCH 50911 (0 and 100
mg/kg), with different doses of y-hydroxybutyric acid.
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induced by doses of y-hydroxybutyric acid lower than or
equal to 4 g/kg (Fig. 2).

4. Discussion

The present study demonstrated that the acute admin-
istration of the GABApg receptor antagonist, SCH 50911,
produced a significant protection from mortality induced in
mice by high doses of y-hydroxybutyric acid. These results
extend to lethal doses of +y-hydroxybutyric acid the
capability of GABAg receptor antagonists to antagonize
v-hydroxybutyric acid effects. Indeed, the GABApg receptor
antagonists, (3-aminopropyl)(diethoxymethyl)phosphinic
acid (CGP 35348), (3-aminopropyl)(cyclohexyl-methyl)-
phosphinic acid (CGP 46381) and SCH 50911, prevented
motor incoordination, sedation and hypnosis produced by
moderate to high doses of y-hydroxybutyric acid (Niss-
brandt and Engberg, 1996; Carai et al., 2001; Quang et al.,
2002). These in vivo results are in close agreement with
biochemical data indicating that millimolar concentrations
of y-hydroxybutyric acid, comparable to those presumably
achieved in brain after the administration of the doses
producing the above effects, activate the GABAg receptor
(Lingenhoehl et al., 1999).

The data generated by the present study are also
consistent with those recently reported on the survival rate
of mice lacking the gene encoding succinic semialdehyde
dehydrogenase (SSADH), one of the enzymes involved in
v-hydroxybutyric acid degradation (Hogema et al., 2001).
These mice are characterized by exceptionally high brain
levels of y-hydroxybutyric acid, which result in signs of
ataxia, seizures and death within 4 weeks postnatally
(Hogema et al., 2001). Interestingly, approximately 35%
of these mice survived when treated daily with the GABAg
receptor antagonist, CGP 35348 (Gupta et al., 2002).

The lack of complete protection, by GABAg receptor
antagonists, of y-hydroxybutyric acid-induced mortality in
DBA mice (present study) and mortality associated to high
brain levels of y-hydroxybutyric acid in SSADH knockout
mice (Gupta et al., 2002) suggests that other receptor
systems are likely involved in this effect of y-hydroxybu-
tyric acid. y-Hydroxybutyric acid has been found to bind
to a specific receptor (Andriamampandry et al., 2003), and
the repeated administration of its antagonist, NCS 382,
protected approximately 60% of SSADH knockout mice
from an early death (Gupta et al.,, 2002). Further,
v-hydroxybutyric acid has been reported to be converted
into GABA which, in turn, binds to both GABA, and
GABApg receptors (Hechler and Ratomponirina, 1997);
subsequently, a contribution to the observed mortality may
also derive from an inordinately elevated activation of the
GABA, receptor. Accordingly, drugs capable of antago-
nizing the interaction of y-hydroxybutyric acid with the
GABA, receptor might provide additional protection from
v-hydroxybutyric acid-induced mortality.

Alternatively, GABAg receptor antagonists may bear an
intrinsic toxicity which is added to that exerted by high
doses of y-hydroxybutyric acid. Accordingly, Experiment 1
of the present study found that increases in SCH 50911
dosage over 100 mg/kg vanished the protective effect on
vy-hydroxybutyric acid-induced mortality. Further, the pro-
convulsive activity of GABAg receptor antagonists under
different experimental procedures (Vergnes et al., 1997;
Motalli et al., 1999; Carai et al., 2002) may have limited
their protective effect on +y-hydroxybutyric acid-induced
mortality. It can also be hypothesized that GABAg receptor
antagonists with higher receptor affinity than SCH 50911
and CGP 34358 might exert a greater protective effect on
v-hydroxybutyric acid-induced mortality.

Finally, factors other than y-hydroxybutyric acid-induced
activation of specific receptors might contribute to mortality
associated to y-hydroxybutyric acid. As an example, the
elevated amount of sodium contained in the sodium salt of
v-hydroxybutyric acid (838 mg/kg at the dose of 4.6 g/kg
v-hydroxybutyric acid, being sodium the 18.23% of
v-hydroxybutyric acid molecular weight) might have con-
tributed to the observed mortality by severely altering the
electrolytic homeostasis.

These data need to be confirmed with other GABAg
receptor antagonists. Their possible replication would
support the hypothesis (Carai et al., 2001; Wong et al.,
2004) that GABAg receptor antagonists may constitute
potentially effective therapeutic interventions for the spread-
ing number of cases of intoxication, often fatal, by
v-hydroxybutyric acid and its precursors (e.g.: Higgins
and Borron, 1996; Zvosec et al., 2001; Mason and Kerns,
2002).
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