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Abstract — Since its discovery nearly 40 years ago,g-hydroxybutyric acid (GHB) has attracted several
waves of scientific interest due to new developments in the knowledge of its mechanisms of action and
ideas for its potential use in clinical practice. Its effects have been claimed to treat different psychiatric
conditions, but over time its use has become limited to a few specific situations (e.g. sedating patients in
non-painful surgical procedures and narcolepsy). New interest in the drug derives from its potential use
in the treatment of alcoholism. Recent studies demonstrated a marked effect of the substance in
suppressing ethanol (ETOH) withdrawal symptoms and in reducing craving for alcohol, compared to
other available drugs. However, GHB has to be given under very careful supervision because of its side-
effects, including the risk of abuse and dependence and possible interference with the metabolic
pathways of endogenous GHB and ETOH. This short review discusses these and related issues and we
hope that it will stimulate further interest in GHB.

INTRODUCTION

g-Hydroxybutyric acid (GHB), a short-chain fatty
acid which closely resembles the inhibitory
neurotransmitterg-aminobutyric acid (GABA),
has a number of diverse neuropharmacological
and neurophysiological effects (Snead, 1977;
Vayer et al., 1987). Interest in this compound
has arisen because it is found naturally in animal
brain (Giarman and Roth, 1964), specifically in
the hypothalamus and basal ganglia (Snead and
Morley, 1981), in human brain (Dohertyet al.,
1978), as well as in extraneuronal rat tissue
(Nelsonet al., 1981). The concentrations naturally
present in brain suggest a physiological role for
the compound (Walters and Roth, 1977; Rothet
al., 1980).

Although GHB has been termed a ‘GABA
agonist’ (Meldrum, 1981), evidence is accumulat-
ing that GHB might function as a neurotransmitter

or a neuromodulator in the mammalian central
nervous system (CNS) in its own right (Benavides
et al., 1982; Vayeret al., 1987). Moreover, GHB
has been shown also to interfere with the activity
of the dopamine, serotonin, acetylcholine, and
opioid systems (Gessaet al., 1968; Spano and
Przegalinsky, 1973; Snead and Bearden, 1980).

Evidence of a relationship between the actions
of ethanol (ETOH) and GHB has appeared since
the late 1960s. ETOH potentiates the ‘sleeping
time’ induced by GHB administration in mice and
rats (Banet al., 1967; McCabeet al., 1970). Anin
vivo action of ETOH on endogenous GHB
concentration has been reported (Roth, 1970).
Subsequently, acute ETOH administration in
pharmacologically relevant concentrations has
been shown in rats to decrease GHB in some
brain areas (Poldrugo, 1987). In the past decade,
the mechanism of the interaction between GHB
and ETOH has become clearer and, recently, GHB
has been introduced in clinical practice for
alcoholism management. The present report will
update the relationship between these two sub-
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stanceswith theaim of clarifying thepotentialuse
of GHB in the treatment of alcoholism.

GENETIC AND BIOLOGICAL
INTERACTIONS

g-Butyrolactone (GBL), a precursor of GHB
(Lettieri andFung,1978),induceda longer lossof
righting reflex (LRR) in long-sleepmice(LS-line)
selectively bred for greatersensitivity to ETOH
than in the less sensitiveshort-sleep mice (SS-
line). A low dose of GBL produced biphasic
effects on locomotor activity. Both the initial
depressantactionandthe later increase in activity
were greater in LS, than SS, mice (Dudek and
Fanelli, 1980). Theseresultswere more recently
replicated in Sardinian alcohol-preferring rats
(sP), a rat line selectively bredfor high preference
for ETOH (Colomboet al., 1998).The sameline
of ratsshowedanincreasedactivity in GHB onthe
binding sitespresent in cortical membranes(Frau
et al., 1995) and a decreasein voluntary ETOH
intake after ingestionof GHB in its lactoneform
(Faddaet al., 1983).Thiseffectwasassumedto be
mediated by dopamine, since GHB and its
analogues, when administered to animals in
dosesthat produce behavioural depression, cause
a significant increase in brain dopamine (Gessaet
al., 1966). Animals addicted to ETOH for
prolongedperiodsindeedshowa tolerance to the
dopaminergic effect of GBL administration
(Lilj equistand Engel, 1979; Nowycky and Roth,
1979).

METABOLIC INTERACTIONS

(a) Biochemicalbackground

Formation and metabolism of GHB. The
metabolic pathways of synthesis and degradation
of GHB havebeenextensively studiedin rat brain
more thanin the liver. The metabolicstepslikely
to occuraredepictedin Fig. 1. In rat brain, it has
been clearly demonstrated that GHB is formed
from GABA in vivo (Gold and Roth, 1977).
GABA is transaminated to succinic semialdehyde
(SSA) andthe latter is reducedto GHB. Different
NADPH- and NADH-dependent SSA reductases
responsible for GHB formation have been
described (Anderson et al., 1977). This is a
minor metabolic route for GABA; SSA, instead,

is mainly oxidized to succinic acid (SA), which
thenentersthe Krebscycle.

Glutamic acid, which is transformedto GABA
by L-glutamicaciddecarboxylase,hasbeenrelated
to GHB formation in animalbrain (Santaniello et
al., 1978). 1,4 Butanediol (1,4-BD) is also a
precursor of GHB (Sprince, 1969; Sneadet al.,
1982). Alcohol dehydrogenase (ADH) (EC
1.1.1.1.)present in liver of animals and humans
has been claimed to be responsible for the
conversion of 1,4-BD to GHB (Bessman and
McCabe, 1972; Taberner et al., 1972; Pietruszko
et al., 1978). However, this reaction probably
involves two enzymatic steps. The first step,
which is regulatedby ADH, is responsible for
the formation of g-hydroxybutyraldehyde, which
is then converted to GHB (Poldrugo and Snead,
1986).

GHB, onceformed,disappears from brain with
a half-life of 5 min. GHB (Doherty et al., 1975)
and1,4-BD(Gessneret al., 1960)areconverted to
SSA and SA. The reaction converting GHB to
SSA is regulated by an NADP+- and NAD +-
dependent GHB dehydrogenase of cytosolic loca-
tion in brain and liver (Kaufman and Nelson,
1981). In animal and human liver, an action of
ADH in the conversion of GHB to SSA hasbeen
postulated (Vree et al., 1975, 1978; Poldrugo et
al., 1989).Finally, an SSA dehydrogenase(succi-
nate-semialdehyde: NAD + oxidoreductase; EC
1.2.1.16.) (SSADH), a highly purified enzyme
responsiblefor the conversionof SSA to SA, has
beenisolatedin brain (Cashet al., 1977).

It is alsopossible that a minor GHB portion is
degraded through a b-oxidative pathway to
3,4-dihydroxybutyrate (DHB) (Walkenstein et
al., 1964;Jakobset al., 1981).

(b) Experimental data

Studiesin vitro of the interaction betweenGHB
andETOH areconflicting. ETOH andthe alcohol
dehydrogenase inhibitor pyrazole(PY), (Theorell
et al., 1969)were found to haveno effect on the
brain reductaseresponsible for the conversion of
succinic semialdehyde (SSA) to GHB (Anderson
et al., 1977). Alcohol dehydrogenase(ADH) has
beenproposed to have a minimal (Tabakoff and
von Wartburg, 1975) or a prominent (Taberner,
1974) action on the reductionof SSA to GHB in
brain; the same enzyme does not affect the
conversion of the GHB to SSA (Kerkut and
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Taberner,1971).Subsequent studieshavedemon-
strated that ETOH and PY do not interfere with
the enzymesresponsible for GHB formation and
degradationin animalbrain (Dohertyet al., 1975;
Gold andRoth,1977;PoldrugoandSnead,1985).
ETOH, instead, inhibits the NADH-dependent
formation of GHB from SSA competitively as
well astheNAD +-dependentdegradation of GHB
in the liver (and both reactionsare blocked by
PY), suggesting involvement of ADH (Poldrugoet
al., 1989).Indeed,horseliver ADH is alsoableto
degrade GHB in vitro (Poldrugoet al., 1989).

Another precursor of GHB is 1,4-butanediol
(1,4-BD) (Sprince, 1969;Sneadet al., 1982).This
substance is presentin animal neural and extra-
neural tissues (Bergelson et al., 1966;Sneadet al.,
1986) and in humans(Barker et al., 1985). The
metabolic source of 1,4-BD is unknown.Exogen-
ously administered 1,4-BD is quickly convertedto
GHB (Poldrugo and Snead, 1984a). ETOH was
found to inhibit GHB formation from 1,4-BD in
rat brain and liver homogenates(Poldrugo and
Snead, 1986). Although ADH is responsible for
this reaction in animalandhuman liver (Bessman
and McCabe, 1972; Taberner et al., 1972;

Pietruszko et al., 1978), in rat brain an enzyme
other thanADH is involved, sincethe reactionis
competitively inhibited by ETOH and not by PY
(PoldrugoandSnead,1986).

In vivo, GHB and ETOH interact both in
animals andhumans.Chronic ETOH ingestion in
ratsincreasesthe endogenousGHB contentin the
liver, but not in the brain (Poldrugo and Snead,
1984b). Contrary to what has been reported
previously (Roth, 1970), there is no effect in the
brain, except in the striatum, whereits contentis
decreased after acute ETOH administration
(Poldrugo,1987).ETOH alsoexertsan action on
1,4-BD concentrations. ContinuousETOH admin-
istration increasesendogenous1,4-BD liver con-
tent in rats (Poldrugoet al., 1985a); acuteETOH
administration, instead,decreasesGHB concen-
tration following 1,4-BD administration in rats
(PoldrugoandSnead,1984a) andRhesusmonkeys
(Vree et al., 1975).

In humans,GHB administration per oshasbeen
reported to increase the concentration of endo-
genousETOH presentin the blood of detoxified
malechronic alcoholics (Burov et al., 1983).This
is a natural compound,which hasbeenimplicated
in the mechanismof action of ETOH in animals
(Liopo et al., 1991; Poldrugo et al., 1991) and
humans(Ostrovsky, 1986;Ostrovskyet al., 1989).
The degradation time of either GHB or ETOH
when administered simultaneously is also pro-
longed in alcoholics (Vreeetal., 1976; Hoesetal.,
1978),anactionattributedto competition for liver
ADH (Vree et al., 1975, 1978) in which the
circadian rhythm is still preserved (Hoes et al.,
1981).

PHARMACOLOGICAL INTERACTION

The pharmacological profiles of GHB and
ETOH show a closesimilarity. Both drugsexert
dose-dependentbiphasic effects, ranging from
locomotor stimulation to sedation (Maitre, 1997)
and possess anxiolytic (Krsiak et al., 1974) and
reinforcing (Koobet al., 1994) properties.Further-
more, GHB and ETOH have similar discrimina-
tive stimulus effects, as demonstrated by
symmetrical generalization in a recent drug
discriminationstudy (Colombo et al., 1995).

In animals,someauthorshave shownthat the
administration of GHB inhibits the behavioural

Fig. 1. Metabolicpathwaysof g-hydroxybutiricacid.
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effectsproducedby low dosesof ETOH (Cott et
al., 1976; Lil jequistet al., 1980).Higherdosesof
ETOH potentiate the behavioural effectsof GHB
andGBL, asmeasuredby thedurationof ‘sleeping
time’ (Banet al., 1967;McCabeet al., 1970).Pre-
treatment of mice with GHB hasbeenshown to
decreasethe doseof ETOH required for anaes-
thesia without increasing toxicity (Serebryakov,
1965).

In humans, low dosesof GHB andETOH have
beenreported to havemore of an additive thana
synergistic effect (Mattila et al., 1978). In
pharmacokinetic studies, higher dosesof GHB
wereableto inhibit the elimination rateof ETOH
(Vree et al., 1978). This could explain the
respiratory arrest which has been more recently
reported after the ingestion of GHB and heavy
ETOH intake(Einspruch andClark, 1992).

PY increases the behavioural effects of GHB
(Benton et al., 1974), but decreases the beha-
vioural effectsof 1,4-BD (BessmanandMcCabe,
1972; Taberneret al., 1972).Prior administration
of ETOH is ableto suppress1,4-BDconversionto
GHB as assessedthrough behavioural, electrical,
biochemical, and toxicological investigations
(PoldrugoandSnead,1984a).

TOXICOLOGICAL EFFECTS

The most relevant effects of GHB are the
marked electroencephalographic(EEG) andbeha-
vioural changes produced in animals. These
changes consist of a ‘trance-like’ stateassociated
with paroxysmal electrical activity. This was
initial ly thought to represent a ‘sleep’ state
(Helrich et al., 1964), but evidencehasaccumu-
lated indicating that the EEG and behavioural
changes induced by GHB represent a form of
seizure, rather than sleep which Winters and
Spooner(1965) subsequently called ‘non-convul-
sive seizure’. Since then, studies have demon-
strated that GHB-inducedstupor and LRR were
associatedwith spiking on theEEGand‘petit mal’
epilepsy (Snead et al., 1976).A role for GHB, as
for other short-chain fatty acids,in the pathogen-
esis of coma accompanying hepatic encephalo-
pathy (where stupor is seenwith striking EEG
changes), and also in pathologic sleep (e.g.
Kline—Levin syndrome)andneurological diseases
(e.g.Huntington’schorea)hasalso beensuggested
(Snead, 1977;Roth et al., 1979).More strikingly,

GHB has been implicated in an inborn error of
metabolism with marked mental retardation and
abnormal urinaryGHB output(Jakobsetal., 1981;
Divry et al., 1983).

The LD50 of GHB (and 1,4-BD) variesfrom 1
to 2 g/kg body wt (Laborit, 1964; Sprince,1969;
Vickers, 1969). There are no data regarding
histological damage after acute (Marcus et al.,
1967)or chronic (Nowycky andRoth,1979) GHB
administration. However, the useof the substance
as a health food to promotebody building led to
severalcasesof poisoning in humans (Food and
Drug AdministrationAgency,1991a,b; Thomaset
al., 1997). Side-effects depended on dosageand
included drowsiness,hypnagogic state,amnesia,
involuntary movements, ‘seizure-like’ activities,
and a comatosestate.The severity of symptoms
waspotentiatedby the presenceof ETOH.

The acute (Hinrichs et al., 1948) and chronic
(Knyshova, 1968) administration of 1,4-BD, the
precursor most suitable for GHB experiments,
instead, results in histological damage to brain,
liver, andkidney. Simultaneousadministration of
ETOH potentiates this toxic effect and a role for
endogenous 1,4-BD in contributing to the toxic
effects of ETOH hasbeenpostulated(Poldrugoet
al., 1985a,b).

CLINICAL STUDIES

(a) GHB usein conditions other than alcoholism

Greatclinical interestarosein the 1960swhen
the GHB molecule was introduced as a novel
anxiolytic drug. Its use was proposed, through
uncontrolled clinical studies, in anxiety and
depressivedisorders(Danon-Boileau et al., 1962;
du Couedic et al., 1964;Rinaldi et al., 1967)and
in psychoticpatients(Tanaka et al., 1966).Since
then, its usehasbeenrestrictedto sedatingpatients
in non-painful surgical procedures(Vickers, 1969;
McLennan and Parry,1983) and in the treatment
of narcolepsy(Mamelak et al., 1986).

(b) GHB usein alcoholism

Several preclinical studiesstimulatedresearch-
ers to investigate the possible useof GHB in the
clinical treatment of ETOH addiction. GHB has
beenshownto inhibit voluntaryETOH consump-
tion in sP rats (Faddaet al., 1983),and suppress
tremors and convulsions following acetaldehyde
administration in mice (Andronova and Barkov,
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1981) and ETOH withdrawal in physically al-
cohol-dependentrats(PoldrugoandSnead,1984a;
Fadda et al., 1989).

In humans, a double-blind study demonstrated
that oral administration of a low dose(50mg/kg
body wt) was very effective in suppressingthe
ETOH withdrawal syndrome (Gallimberti et al.,
1989). The same research group, later, showed
thatshort-term treatment with GHB peros(50mg/
kg divided into 3 daily dosesfor 3 months)was
more effective than placebo in increasing the
number of abstinent days and in reducing the
numberof daily drinksandsignsof ETOHcraving
in alcoholicpatients (Gallimberti et al., 1992).

A neurotransmitter/neuromodulator function of
GHB, mimicking thecentraleffectsof ETOH,was
proposed indicating the samerationale for using
GHB in the treatmentof alcoholism as in the use
of methadonefor heroinaddiction.GHB hasalso
beentestedin a very preliminary studyconducted
in ETOH andheroin addicts (Zolesi et al., 1994).

More recently, the same dosageof GHB has
beengiven to alcoholicsfor 6 months(Addolorato
et al., 1995)followedby a 1-yeardrug-freeperiod
(Addoloratoet al., 1996).Abstinencefrom ETOH
and craving were consideredas outcome mea-
sures. At the sametime, tolerability andsafetyof
the drug were tested.The presence of the drug
improved the abstinencerate during the 6-month
treatment period and this effect continued during
thedrug-freeperiod.Thedrugwassafein general
and this was confirmed by the improvement in
values of laboratory markers of alcoholism
(Addoloratoet al., 1997a). Side-effectsof vertigo,
increased sleepiness,andfatigue werereported in
30% of patients, but these resolved after 2—3
weeks of GHB useanddid not recur thereafter.

The optimal dosageof the drug is not yet
definedsinceGHB absorption andeliminationare
capacity-limi tedboth in experimental animalsand
alcoholic patients(Vree et al., 1978; Arena and
Fung, 1980; Ferrara et al., 1992). The first-pass
metabolism is also strongly implicated in the
apparently poor oral bioavailability of GHB
(Lettieri and Fung, 1976). Very recent studies
have demonstratedthe advantage of the further
partition of the total doseof GHB into six instead
of threedaily dosesin non-respondentalcoholics
(Addoloratoet al., 1998a,b). A morerational way
to overcome this limi tation would be to adjust the
drug regime to the individual GHB degradation

curve (or to find other ways of predicting GHB
metabolism); or by producing a sustained-release
form of GHB.

(c) Potential of abuse

In animals,both GHB and ETOH exert dose-
dependent biphasic effects. Low dosesof GHB
produce euphoria in humans,but higher doses
produce sedation.Al thoughthe drug,at the doses
used for the treatment of alcoholism, is well
tolerated, its euphoric effectsmakeit attractive as
a drug of abuse.

In fact, a craving for GHB in weaning alcohol-
ics using low doses and resulting in 10% of
subjects abusing the drug, with a voluntary
increase of dosage six to seven times the
recommended levels, has been reported in con-
trolled studies(Addoloratoet al., 1996;1997b). In
thesecases,if the abuseof GHB was reported
immediately by the family members andthe drug
withdrawn or reinstated at the dosagepreviously
planned, patientsreportedsigns of mild anxiety
andinsomnia disappearingin about1 week.Thus,
theseobservationssupportthepotential efficacyof
GHB in alcoholism management,but suggest its
use under strict clinical surveillance and super-
vision by members of the family and of alcohol
rehabilitation programmes.Because of the risk of
abuse, the dosageof the drug should not be
increased (e.g. in non-responders).

Recently, others have published a number of
casereportson GHB abuseand physical depen-
dence after the drug was wrongly assumedto
induce euphoric, sedative, and anabolic effects
(Galloway et al., 1997).

GENERAL CONCLUSIONSAND COMMENTS

Evidence has accumulated on the very close
similarities of actionsexertedby ETOH andGHB
on the CNS. Although the precise scientific basis
of thesesimilarities has yet to be defined, they
have beencorroborated by biochemical, genetic,
physiological, andpharmacological studies.

Endogenousalcohols are a natural target of
ADH in animals and humans. One of these is
1,4-BD which is also a minor sourceof GHB.
Both substances are normally present in humans
and both are substrates for ADH in the liver.
Results derived from research (Poldrugo et al.,
1985b) and reconsideration of previous lethal
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experiencesusing 1,4-BD (Hinrich et al., 1948)
havedefinitely discouragedthe useof this diol as
a prodrugfor the treatment of alcoholics. The last
experimental use of the substance was 20 years
ago(van Dalenet al., 1978).

Among available drugs, GHB has remarkable
effects in suppressing the ETOH withdrawal
syndrome (Poldrugo, 1997) and in reducing
craving for alcohol in humans(Gallimberti et al.,
1992; Addolorato et al., 1996). The clinical
studies available at present indicate that GHB
could havean important role in the treatment of
alcoholism.However, the useof GHB beyondthe
detoxification period must be approached with
caution andunderclinical monitoring.

The simple structure of GHB (and its limited
patentability) haveuntil recentlydiscourageddrug
companies from conducting appropriate clinical
trials. Interestingly, the same reasons(being a
natural and inexpensivecompound), prompted its
use in alcoholics in the former Soviet Union.
However, the intake of GHB (per os in a syrup
formulation) hasbeenlimi ted by the observation
that it quickly led to dependence(Y. N. Burov,
personalcommunication).Theseaddictiveproper-
ties have recently beenconfirmed in the United
States.In addition,thepresenceof epilepsyand/or
the concomitant useof anti-epileptic drugsshould
be ascertained carefully (as contraindications)
before using GHB.

Anotheraspectto takeinto considerationis that
of genetics. The dataaccumulated in animalson
the genetic background of the relationship
between ETOH and GHB actions could have
implicationsfor humans.Somesubjectsmayhave
differencesin binding sites for GHB which are
regulated genetically. Others may differ in GHB
metabolism, e.g. becauseof differences in liver
and gastric ADH; in the latter casewith evident
genderimplications.Future research shouldbetter
define if alcoholics differ in responses to GHB
(e.g.looking at individualEEGresponsesto GHB
or GHB metabolism) with the aim of characteriz-
ing thesubgroupsof alcoholics who would benefit
more from the drug.

Another reason for concern is the diffi culty in
defining the optimal GHB regime because of its
short-lived effects and due to the fact that ADH
and other li ver enzymaticactivities are alteredin
alcoholics.The long-term useof GHB in alcohol-
ics could interfere with endogenous 1,4-BD

metabolism leading to possible effects which
have not yet been tested experimentally. Also,
thereis the assumption that concomitant intakeof
ETOH andGHB could increase the concentration
of both compoundsin the body with consequent
potentiation of effects. Taking into account the
metabolism of the drug, a slow release form of
GHB with a prolongedaction could increasethe
rateof positiveoutcomein alcoholismtreatment.
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