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TICKU, M. K. AND S. K. KULKARNI. Molecular interactions of ethanol with GABAergic system and potential of
RO154513 as an ethanol antagonist. PHARMACOL BIOCHEM BEHAYV 30(2) 501-510, 1988.—The behavioral and
biochemical effects of ethanol in man and animals have been investigated for a long time. A role of catecholamines in the
central stimulatory action and during withdrawal has been envisaged, but more recent observations have revealed the
involvement of inhibitory synaptic transmitter, GABA, in the actions of ethanol. Ethanol-induced motor incoordination,
hypnosedation, antianxiety, and anticonvulsant actions are reported to be GABA-mediated. Involvement of the GABA
system has been implicated in ethanol withdrawal-induced seizures in animals. More direct evidences using Cl- influx
studies in synaptoneurosomes and spinal neuronal culture studies confirm such a mode of action of ethanol, probably
influencing the chloride channel modulation at the GABA-benzodiazepine receptor ionophore complex. RO15-4513 (eth-
yl-8-azido-5,6-dihydro-5-methyl-6-Oxo-4H-imidazo [1,5-a], [1,4] benzodiazepine-3-carboxylate), a novel imidazoben-
zodiazepine, an analogue of the classical benzodiazepine antagonist is reported to possess alcohol antagonistic properties.
RO15-4513 reverses both the behavioral and biochemical effects of ethanol, including the action of GABA-induced CI-
fluxes. But its potential clinical application may be restricted due to its inverse agonistic property. The present review
focuses on the GABA-linked behavioral and biochemical actions of ethanol and discusses the potential of RO15-4513 as an
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alcohol antagonist.
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ETHANOL is perhaps the oldest and most widely consumed
and abused psychotropic drug known to mankind. The
pharmalogical profile of ethanol is very similar to that of
barbiturates and benzodiazepines. All the three classes of
drugs, ethanol, barbiturates, and benzodiazepines (BZ)
share some pharmacological properties in common such as
antianxiety, anticonvulsant and muscle relaxant actions.
Higher doses of ethanol cause behavioral depression and
even narcosis or anaesthesia, an action again shared by
barbiturates and benzodiazepines [35]. It has also been
demonstrated that tolerance develops to ethanol, barbitu-
rates, and benzodiazepines in humans and animals [6,8]. A
cross tolerance between these drugs, namely between
ethanol and barbiturates, and ethanol and benzodiazepines is
also documented in the literature [8,35]. Furthermore, anx-
iety and withdrawal seizures are involved in the etiology of
alcoholism [88], and benzodiazepines and barbiturates are

501

indicated in the management of alcohol withdrawal syn-
drome [37]. These observations suggest that a common
modulatory pathway may be involved in the central action of
these three categories of drugs. Since benzodiazepines are
now known to act through a y-aminobutyric acid (GABAer-
gic) mechanism [91] and barbiturates have a binding site in
the GABA-BZ receptor complex [79,121], most of the recent
investigations are focused in studying the effect of ethanol on
GABAergic pathways. In this article an attempt has been
made to review some of the behavioral and biochemical ef-
fects of ethanol that are supposed to be linked to GABAergic
transmission. An attempt is also being made to review the
literature on RO15-4513 (ethyl-8-azido-5,6-dihyrdo-5-
methyl-6-Oxo0-4H-imidazo [1,5a], [1,4] benzodiazepine-3-
carboxylate), a novel imidazobenzodiazepine known to be a
potential alcohol antagonist. This review may facilitate
further research on these areas.
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ETHANOL AND CENTRAL CATECHOLAMINES

Although the ability of ethanol to alter central nervous
system (CNS) function has been speculated long back, the
exact cellular mechanism of action, tolerance, and with-
drawal due to ethanol are far from clear. Until recently,
ethanol was considered to be a general CNS depressant
without affecting any specific neurotransmitter mechanisms.
In the early 1970’s, however, attempts were made to explain
some of the behavioral and biochemical changes due to
ethanol on the basis of changes in catecholamine metabolism
in the CNS, a view which still receives support from certain
quarters, as adrenergic drugs are employed in the manage-
ment of alcohol withdrawal syndrome [11]. Catecholamine
involvement, particularly in the stimulatory action of ethanol
and some withdrawal behavioral effects, was reported ini-
tially by Engel [27]. Pretreatment of animals with
a-methyl-p-tyrosine (AMPT), an inhibitor of catecholamine
biosynthesis, blocked the locomotor stimulatory action of
low doses of ethanol [15], and this effect of AMPT was re-
versed by administration of catecholamine precursor, 1-dopa
{26]. Other dopamine agonists also exhibited similar action
on ethanol-induced locomotor effect [2,17]. Ethanol also de-
creased dopamine function [64] and chronic alcohol con-
sumption has been shown to increase dopamine receptor
binding [101]. Several recent studies, both behavioral and
biochemical, have shown that acute administration of
ethanol enhances the metabolism of central catecholamines
[14, 16, 28, 110, 112]. More interestingly, while catecholamine
receptor antagonists blocked the stimulatory effects of ethanol
[671, a lipid soluble alpha, receptor agonist antagonized the
hypnotic effect of ethanol in mice [83]. The fact that norepi-
nephrine turnover is increased in psychiatric symptoms during
alcohol abstinence in man [11] and that clonidine, a central
alpha, adrenoceptor agonist which down regulates catechola-
mine release, is effective in counteracting alcohol abstinence
syndrome in man and animals substantiates further the role of
central catecholamines in the action of ethanol [7, 62, 63, 92,
107, 128]. However, a catecholaminergic mechanism does not
explain the CNS depressant effects of ethanol which may in-
volve the inhibitory neurotransmitter, GABA.

ETHANOL AND GABA NEUROTRANSMISSION

Recent neurophysiological and several behavioral obser-
vations have demonstrated the involvement of inhibitory
synaptic transmission in the mode of action of ethanol and an
ethanol-evoked adaptive reduction in CNS inhibition as a
result of diminished GABA neurotransmission in the devel-
opment of physical dependence and withdrawal syndrome
[52, 89, 119]. The presynaptic inhibitory effects of ethanol on
GABAergic transmission were demonstrated long ago in cat
spinal cord [5], frog spinal cord {22] and more recently, in
feline cerebral cortex [89] and in the substantia nigra [84].
Ethanol potentiated the inhibition of cortical neurons by
GABA without affecting the inhibition caused by glycine,
serotonin, or dopamine. It also potentiated the inhibition of
single cortical neurons by electrical stimulation of the sur-
face of the cerebral cortex, an action believed to be mediated
by endogenous GABA [24,61]. These studies speculated that
ethanol most likely acted on the postsynaptic membrane,
reminiscent of the mechanism of GABA potentiation by ben-
zodiazpeine, probably modulating a site on or near GABA
binding site.

TICKU AND KULKARNI

TABLE i

ANTICONVULSANT EFFECT OF ETHANOL WHEN STUDIED
AGAINST DIFFERENT CHEMOCONVULSANTS IN RATS*

Total Seizure

Treatment Onset Duration Mortality
(mgkg, IP) (min +SD) (min +SD) (%)
Bicuculline (4) 1.8+0.8 6.4+1.4 100
Picrotoxin (10) 5.0+1.8 15.8+3 100
Strychnine (4) 2.5+0.5 5.2+0.8 100
Ethanol (2 g/kg) 2.3x0.6 — 0

+ Bicuculline
Ethanol (2 g/kg) 16 +1.0% 17.0+3 70

+ Picrotoxin
Ethanol (2 g/kg) 2.3+0.5 48 +27.0% 75

+ Strychnine

*As abstracted from Rastogi and Ticku [98].
1p <0.01 and fp <0.001 as compared to corresponding per se effect
of convulsant, respectively.

Ethanol-Induced Motor Impairment and GABAergic
Transmission

Impairment of motor coordination (ataxia) is a well-
known effect of ethanol on CNS [35,126]. GABA is known to
be involved in the central control of motor coordination [125]
and a functional relationship exists between GABA neuro-
transmission and motor incoordination during ethanol intox-
ication. Bicuculline, a GABA receptor antagonist, di-
minished ethanol-induced impairment of performance on a
tilting plane task in rats [45]. Similarly, inhibition of GABA
transaminase with aminooxyacetic acid which increased
whole-brain GABA concentrations, enhanced ethanol-
induced impairment [45,66]. However, Frye and Breese [32]
failed to observe any simple relationship between the degree
of motor impairment caused by ethanol and changes in
GABA concentrations in different brain areas, although di-
rect manipulation of GABA receptor activity modulated
motor incoordination caused by ethanol.

Withdrawal-Induced Convulsions and Anticonvulsant
Action of Ethanol and GABAergic Transmission

Another area of intensive research interest is the in-
volvement of GABAergic system in ethanol withdrawal-
induced audiogenic seizures in laboratory animals [1, 20, 33,
34, 38, 44]. Clinical observations supported this view as
seizure-susceptible alcoholics showed reduced GABA con-
centrations in their CSF during acute ethanol withdrawal [36,
42, 60, 114]. Interestingly enough, all the ethanol withdrawal
syndromes are not suppressed by activation of GABA recep-
tors, indicating involvement of additional receptor sys-
tem(s). Convulsions on handling and tremors in rats and
monkeys were not susceptible to GABA receptor activation
[33, 38, 113]. On the other hand, audiogenically-induced sei-
zures were suppressed by GABAergic drugs [34]. Suscepti-
bility to seizures induced in rodents by electroshock, kin-
dling, or CNS excitants were markedly reduced by discrete
microinjections of GABAmimetic drugs into substantia nigra
[51, 52, 76, 77]. Intranigral administration of muscimol, a
GABA, agonist, produced a dose-related suppression of
audiogenic motor convulsions which accompanied with-
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FIG. 1. Different sites of drug action at the GABA-benzodiazepine receptor ionophore complex
(modified from [121]). A possible mode of action of ethanol involving chloride coupling (mod-

ulatory site) has been envisaged.

drawal from chronic ethanol administration indicating the
importance of GABA receptive neurons in the vicinity of the
substantia nigra in the mediation of withdrawal seizures [39].
Electrophysiological and ablation studies have also impli-
cated substantia nigra in the propagation of seizure activity
[40,48]. Similarly, microinjections of GABAmimetics or le-
sions of the inferior colliculus and medial septal nucleus re-
duced susceptibility to audiogenic seizures in rats with a
genetic predisposition for epileptic responses to loud noises
[25,57]. More recent studies indicated that the inferior col-
liculus is important in GABAmimetic suppression of
audiogenic seizures and that reduced GABAergic activity in
this nucleus may be responsible for the increased suscepti-
bility to audiogenic seizures in rats during ethanol with-
drawal [34].

In an attempt to compare the anticonvulsant profile of
drugs which facilitated GABAergic transmission, Rastogi
and Ticku [98] studied the anticonvulsant profile of ethanol
against various chemoconvulsants (Table 1). Furthermore,
ethanol in combination with pentobarbital or diazepam was
able to suppress chemoconvulsions due to bicuculline, pic-
rotoxin, or strychnine [98]. Similarly, subeffective doses of
pentobarbital and diazepam, together or when combined
with a single ineffective dose of ethanol, offered protection
against maximal electroshock seizures in rats [97]. In an-
other study, Liljequist and Engel [68] reported that ethanol
antagonized the convulsions produced by pentylenetet-
razole, strychnine, bicuculline, and picrotoxin in a dose-
dependent manner, ethanol being more potent in suppressing
the convulsions produced by pentylenetetrazole and the
glycine receptor antagonist strychnine. The ability of ethanol
to antagonize strychnine-induced seizures may not be supris-
ing in view of strychnine’s reported GABA antagonistic ac-
tivity [103], and close homology between GABA and glycine
gated chloride channels {43). These studies taken together
suggested that individual withdrawal convulsive signs due to
ethanol are unique and result from distinct types of CNS

adaptive response to ethanol, possibly within the specialized
regions of the brain. The anticonvulsant property of smaller
doses of ethanol in combination with ineffective doses of
other facilitators of GABAergic transmission provided
protection against seizures and mortality induced by
chemoconvulsants which act via GABA system [98]. These
studies support the notion that drugs acting at different sites
on the oligomeric GABA receptor complex can potentiate
each other’s effect in vivo (Fig. 1, [98]).

Ethanol-Induced Narcosis and GABAergic Transmission

Behavioral studies involving ethanol, GABAmimetics,
and GABA antagonists indicated that GABAmimetics
lengthened ethanol narcosis while picrotoxin shortened
ethanol narcosis in mice [80]. GABA antagonists, bicuculline
and picrotoxin, shortened motor incoordinating effects of
ethanol and its potentiation by baclofen and aminooxyacetic
acid [80]. The cage convulsant, isopropylbicyclophosphate,
which binds to the picrotoxin site of the GABA receptor
complex, significantly reduced the duration of loss of right-
ing reflex induced by ethanol [82]. Bicuculline, the GABA
antagonist, reduced the duration of ethanol-induced sleep in
a dose-dependent manner, the highest dose (8 mg/kg) of
bicuculline completely reversing ethanol narcosis [68]. Both
bicuculline and picrotoxin further enhanced the hypothermic
response due to ethanol [68). Martz and co-workers [80]
further observed genetic differences in ethanol response and
related it to the differences in GABA sensitivity. In another
study, pharmacologically-relevant concentrations of ethanol
(15-50 mM) potentiated muscimol stimulation of %Cl] uptake
in cerebellum of long sleep line mice, but had no effect in
cerebellum of short sleep lines [3]. However, it failed to alter
stimulated chloride flux of hippocampal microsacs from
either line. The genetic differences in ethanol hypnosis were
related to differences in the sensitivity of GABA operated
chloride channels to ethanol, since alcohol elimination rates
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TABLE 2

EFFECT OF ACUTE AND CHRONIC TREATMENT OF ETHANOL ON GABA BENZODIAZEPINE
RECEPTOR-IONOPHORE COMPLEX IN THE BRAIN TISSUES OF RATS AND MICE

GABA-Binding

Low High
Ethanol Brain Affinity Affinity
Treatment Areas Site Site Reference
I. Acute
4 g/kg, IP; rats whole 1 — [116,117]
and mice brain
4 gkg, IP; rat cerebellum 1 1 [101]
striatum, —_ — [101]
cerebral cortex
substantia nigra
4 g/kg, PO; rat — — [124]
Chronic
10% in drinking whole ! [117]
fluid for 14 brain
days; mouse
7% in drinking whole — — [116]
water for 21 brain
days; rats
During withdrawal cerebral i — [116]
7% for 7 days, cortex | l [123,124]
PO; rats
6% in drinking striatum 1 1 {101]
water for 21
days; rats
II. [*H}-Benzodiazepine Benzodiazepine-Binding
in vitro: membranes no effect [41]
soluble increases the affinity [23]
Chronic no effect [55,99]
Withdrawal no effect [99]
1. [*SITBPS TBPS Binding
in vitro inhibition (| Bpay) [t15]
chronic no effect 99,115}
withdrawal no effect [99,115]

were virtually identical [19,75]. The ED;, values of the
GABA agonists in the bar holding test were approximately
twice as large for the long sleep lines as for the short sleep
lines. However, whole-brain GABA levels and GABA up-
take kinetics did not differ in the lines [18,51].

Ethanol and the GABA-Benzodiazepine Receptor-lonophore
Complex

While the above cited behavioral and electrophysiological
studies suggest that ethanol potentiated GABAergic neuro-
transmission, there are conflicting evidences supporting a
direct action of ethanol at the GABA receptor. The GABA/
benzodiazepine/barbiturate receptor complex is an ol-
igomeric protein consisting of several subunits with multiple
allosteric binding sites that are associated with a Cl~ chan-
nel [91,104] (Fig. 1). Benzodiazepines and barbiturates bind
to this complex and indirectly regulate GABA receptor-

mediated Cl- conductance resulting in membrane hyper-
polarization [105]. Since ethanol shared several of its behav-
ioral effects with that of barbiturates and benzodiazepines, it
was speculated that the GABA/enzodiazepine receptor-
coupled chloride channel could be the site of action of
ethanol in brain [21, 52, 69, 118]. Greenberg and co-workers
[41] reported that the addition of ethanol to brain membranes
in vitro had no effect either on [PHldiazepam binding to the
BZ receptors or [*H]muscimol binding to the GABA recep-
tor. However, ethanol has been reported to increase
BHldiazepam binding to detergent solubilized benzodiazepine
receptors (23] and to decrease the binding of t-
butyl-bicyclophosphoro[®*S jthionate (TBPS) to a site closely
associated with the CI- channel in both rat and mouse brain
membranes (70, 95, 106]. Since ethanol inhibition of TBPS
binding in vitro occurs at lethal concentrations, it is unlikely
that this interaction is responsible for the pharmacological
effects of ethanol, however, it is likely that this effect may be
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involved in ethanol intoxication. Acute ethanol administra-
tion produced an increase in the binding capacity of the low
affinity GABA receptor sites in both C57 and DBA mice
[117]. The acute effect was also observed in rat brain mem-
branes [116]. In contrast, other workers reported a decrease
in specific PHJGABA binding in cerebellum with no change
in other brain areas after acute ethanol treatment [101].

The effect of chronic administration of ethanol on GABA
receptor sensitivity varied depending upon the method of
ethanol administration and animal species. Chronic ethanol
administration (10% v/v) for 14 days has been reported to
produce a decrease in B, of the low affinity GABA recep-
tor sites in C57 mice [117]. Similarly, decreases in the affinity
of low affinity GABA receptor site was reported following
chronic treatment of mice with a higher concentration (30%
v/v) of ethanol [122]. However, rats chronically treated with
ethanol (7%) in a lipid diet for 21 days did not exhibit any
changes in the binding constants of the high or low affinity
GABA receptor sites as compared to pair-fed controls,
suggesting a possible tolerance to the continuous presence of
ethanol at the GABA synapse [116]. During withdrawal from
ethanol, the low affinity GABA binding site in the whole rat
brain membranes was significantly lower as compared to
pair-fed controls and there was a good correlation with onset
of audiogenic seizures in these ethanol withdrawn groups
[116]. Volicer and co-workers [123,124] have observed simi-
lar changes in cerebral cortex of rats not only for the low
affinity site, but for the high affinity GABA site as well.
Intranigral administration of muscimol suppressed the
audiogenic motor convulsions in a dose-dependent manner
in ethanol-withdrawn animals, further substantiating the
modulatory role of GABA in ethanol abstinence seizures
(39]. Further, the affinity (Kp) and the number of receptor
sites for (Bnay) [PHldiazepam binding (Table 2) was not al-
tered in chronic ethanol-treated animals [55,99]. However,
a decrease in the K and B,,,, of diazepam binding following
chronic ethanol has been reported {31,124]. Similarly, sev-
eral earlier workers have reported variable levels, increases,
or decreases of brain GABA levels following acute or
chronic ethanol administration [30, 66, 111]. More recent
studies have, however, indicated that the affinity or the bind-
ing capacity of PHIflunitrazepam or [**SITBPS was not al-
tered by chronic treatment with ethanol or during withdrawal
from ethanol [99]. Neither the enhancing effect of GABA on
the binding of [*H]flunitrazepam nor its inhibiting effect on
the binding of [**SITBPS were affected by chronic treatment
with ethanol or its withdrawal at 24 hr [99]. As ethanol
protected convulsions induced by 1,4-benzodiazepine [96], a
compound known to produce its convulsant effect at the
level of picrotoxin site [78, 93, 127], it was further speculated
that ethanol may affect the coupling mechanism at the
chloride channel by one or the other way in inducing changes
in receptor sensitivity (Fig. 1).

Although several alcohols increased [PH]diazepam bind-
ing in the Lubrol-solubilized fraction, the rank order of this
enhancing effect did not correlate either with their lipid:wa-
ter partition coefficients or with pharmacological potency in
producing physical dependence [23], and this interaction was
postulated to be responsible for some of the pharmacological
effects of ethanol such as the antianxiety, sedative, and
muscle relaxant effects. However, since ethanol’s interac-
tion with FHIBZ receptors to membranes cannot be demon-
strated in a reproducible manner, the solubilization studies
have not been pursued further.

Recently, several workers have demonstrated the use of
synaptoneurosomes or microsacs, a subcellular brain prep-

aration with pre- and postsynaptic elements for the study of
GABA regulated chloride flux in vitro {4, 46, 50, 109]. These
preparations responded in a pharmacologically appropriate
manner for a chloride channel coupled to a GABA receptor
(3,4]. Physiologically relevant concentrations of ethanol
(15-50 mM) potentiated muscimol stimulation of 3Cl~ up-
take in cerebellum of certain strains of mice without having
any effect on hippocampal microsacs [3,4]. Ethanol, like
pentobarbital, stimulated 3°Cl- uptake into the synap-
toneurosomes in concentrations that are within the range
observed during acute intoxication and these effects were
sensitive to blockade by both bicuculline and picrotoxin
[110], but not to other neurotransmitter receptor antagonists.
It also showed a biphasic effect in that at higher concentra-
tions there was decrease in ethanol-stimulated 3Cl~ uptake.
Such biphasic effects of ethanol on chloride-flux are in line
with its effect on brain concentrations and turnover of
GABA.

Studies conducted in the past to explore the possible
mechanism of action of ethanol on 3¢Cl- flux tend to suggest
that ethanol could cause perturbation of membrane lipids,
leading to an increased membrane fluidity {85,108]. There-
fore, an effect of ethanol on membrane lipids may alter the
microenvironment of GABA/barbiturates-receptor-coupled
Cl- channel, resulting in an increase in Cl- conductance
(110]. Another in vitro model system to study GABA synap-
tic pharmacology utilizes intact cultured spinal cord
neurons. These neurons have GABA-gated Cl- channels
[65,119] and central BZ receptors that are coupled to GABA,
picrotoxin and barbiturate receptor sites [81]. In mouse spi-
nal cord cultured neurons ethanol potentiated GABA-
mediated 3¢Cl influx and at higher concentrations it directly
activated Cl- channels in these neurons [120]. Both the
potentiating and direct effects of ethanol were blocked by
bicuculline and picrotoxin, suggesting the involvement of the
same GABA-gated Cl- channels in the action of ethanol
([120], Mehta and Ticku in preparation). Further, the effect
of ethanol was specific on GABA-gated Cl- channels, since
ethanol did not effect glycine-induced 3Cl- influx in the
same cells (Mehta and Ticku, in preparation). Regardless of
the exact molecular mechanism of how ethanol stimulated
3Cl- transport, GABA receptor-mediated (low concentra-
tions) or directly (high concentrations), large numbers of evi-
dences, behavioral, electrophysiological, biochemical, and
Cl~ flux studies suggested that the pharmacological profile of
ethanol action, i.e., antianxiety, hypnotic, anticonvulsant,
and withdrawal response centers around GABA /barbiturate-
mediated Cl- transport mechanism, a possible chloride
channel modulator (Fig. 1).

RO15-4513, AN IMIDAZOBENZODIAZEPINE AND ETHANOL
ANTAGONISM

Antagonism of Behavioral Responses

Ro15-4513 is an azido analogue of the classical ben-
zodiazepine receptor antagonist RO15-1788 (Fig. 2) with an
ability to bind to benzodiazepine receptors {87,102]. Al-
though it did not have any per se behavioral effects (up to 10
mg/kg) in animals, prior administration of it completely re-
versed behavioral effects on ethanol and protected the
animals against intoxication and mortality due to massive
doses (5-15 g/kg, PO) of ethanol (10, 29, 94, 109]. Under
identical conditions the benzodiazepine receptor antagonist
RO15-4513 was ineffective in doses up to 30 mg/kg to reverse
ethanol effects. The protective effect of RO15-4513 was not
related to its effects on blood ethanol concentrations [10,29].
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TABLE 3
PROCONVULSANT EFFECTS OF RO15-4513 AS STUDIED AGAINST BICUCULLINE
Mortality
Treatment Onset Time Mortality Severity of
(mgkg, IP) (sec =SEM) (min =SEM) (/n) Convulsions
Bicuculline (1) —_ —_ — No
convulsions
@ 59+5.77 14+1.62 417 47 ++
8) 36+2.32 8+0.63 10/10 +++
RO15-4513 (1) 28 +2.25% 15+1.75 4/4 ++
+ Bicuculline (4)
RO15-4513 (1) 13 +3.00* 6+0.84 6/6 +++
+ Bicuculline (8)
RO15-4513 (4) 16+1.35* 2.8+0.20* 5/5 +++

+ Bicuculline (8)

*» <0.001 as compared to corresponding bicuculline per se effect.
The quick onset of myoclonic jerks, mortality, and severity of convulsions are taken as index of

proconvulsant effect.
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FIG. 2 Chemical structures of RO15-4513 and RO15-1788.
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However, a recent study has failed to observe such a rever-
sal of ethanol-induced narcosis in CD-1 mice, whether given
before or after ethanol administration {47]. In another behav-
ioral paradigm, RO15-4513 reversed the incoordinating effect
of ethanol in mice as studied in a rotarod test [49]. The effect
was sensitive to reversal by benzodiazepine antagonists. In
the same study, however, it failed to reverse ethanol-induced
hypothermia in mice. But it was able to reverse both muscle
incoordination as well as hypothermic effects of pentobarbi-
tal in mice, though not at the same dose level [49]. RO15-
4513 and the benzodiazepine receptor inverse agonist FG-
7142 reversed the reductions in the number of head dips
caused by ethanol in mice in the holeboard apparatus [71].
Higher doses partially reversed the locomotor stimulant ac-
tions of ethanol. However, the doses of RO15-4513 required
were relatively less as compared to FG-7142 [71]. The recep-
tor binding data supported these behavioral responses as
FG-7142 had a much lower affinity for benzodiazepine recep-
tors than RO15-4513 [12]. Pretreatment of rats with Ro15-
4513 blocked the anticonflict activity of low doses of ethanol
(but not pentobarbital) as well as the behavioral intoxication
observed with higher doses of ethanol [109]. These effects
were completely blocked by benzodiazepine receptor
antagonists [109]. In another study RO15-4513 (1-6 mg/ kg)
blocked the ethanol effect on operant conflict behavior.
However, the reversal effect was not totally selective
towards ethanol as the anticonflict actions of pentobarbital
and chlordiazepoxide were equally sensitive to reversal by
RO15-4513 [13]. We have recently observed that RO15-4513
(4 mg/kg) was able to reverse the anticonvulsant actions of

ethanol (2 g/kg) against both bicuculline (8 mgkg) and
picrotoxin-induced (10 mg/kg) chemoconvulsions in rats
(unpublished observations). The tonic extensor phase which
was blocked by ethanol in bicuculline-convulsions was re-
versed by RO15-4513, but the onset of myoclonic jerks and
mortality were not affected. In the case of picrotoxin con-
vulsions RO15-4513 also reversed the protective effect of
ethanol on the onset of myoclonic jerks, and the mortality.
There was no difference between onset of convulsions in rats
treated with RO15-4513, ethanol, and picrotoxin as com-
pared to controls receiving picrotoxin alone. At the same
dose level it failed to reverse the protective effect of pen-
tobarbital (20 mg/kg) against picrotoxin (10 mg/kg).

Proconvulsant Actions of RO15-4513

Unlike the classical benzodiazepine receptor antagonist,
RO15-4513 has been reported to possess inverse agonistic
property [9,90]. When administered alone RO15-4513 low-
ered seizure threshold to bicuculline, pentylenetetrazole and
RO5-3663 [74]. It had no such effect on the seizure
threshold of other chemoconvulsants like picrotoxin,
strychnine, caffeine, and quipazine. In another convulsive
model, we also observed a proconvulsant effect of RO15-
4513 even at small doses of 1 mg/kg in rats against bicuculline
chemoconvulsions. It not only potentiated the subconvulsive
dose (1-4 mg/kg) of bicuculline, but at the convulsive dose (8
mg/kg) of bicuculline it quickened the onset, serverity, and
mortality due to the convulsant (Table 3). In these studies,
the latency period of 5 to 15 min did not have any significant
effect on the proconvulsant action of RO15-4513 in rats.

Reversal of Ethanol Effect on Chloride Flux

It is well documented that ethanol augmented GABA-
stimulated chloride flux in whole-brain microsac prepara-
tions (see above section). RO15-4513 selectively antagonized
ethanol-stimulated chloride uptake in isolated rat brain vesi-
cles in a benzodiazepine receptor antagonist sensitive man-
ner, an action not shared by other inverse agonists [109]. In
CS57BL/6J mouse spinal cord cultured neurons, RO15-4513
and FG-7142 blocked both the GABA enhancing and direct
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effect of ethanol on %Cl- influx [120]. Both RO15-4513 and
FG-7142 reversed ethanol effect at concentrations lower
than those that exhibit inverse agonistic activity in the 36Cl-
influx assay in cultured neurons (unpublished data, Mehta
and Ticku). These observations supported the view of
GABA , receptor-mediated action of ethanol and its reversal
by RO15-4513.

However, binding studies have indicated that PH]Ro15-
4513, besides binding to central BZ receptors, also bound to
an additional protein (P57) in cerebellum [102], suggesting a
unique site for this ligand. However, in vitro ethanol does
not inhibit the binding of PH]JRO15-4513 in cortex, cerebel-
lum, or hippocampus (Mahtre and Ticku, unpublished ob-
servations). Further, since RO15-4513 reverses ethanol
potentiation of GABA-induced 3Cl- influx in regions other
than cerebellum, these studies rule out the involvement of
the unique binding site (P57 protein) in the actions of RO1S5-
4513,

RO15-4513 and Future Developments

Development of an alcohol antagonist would have a far
reaching clinical application. However, some of the recent
observations of RO15-4513 have seriously questioned the
clinical utility of RO15-4513 itself. Most of the reversal of
ethanol effects, including the anticonvulsant actions, could
be due to functional antagonism as R0O15-4513 possessed
inverse agonistic property even in as small as 0.75 mgkg
dose in mice [74] and 1 mg/kg dose in rats (unpublished data
from our lab). Moreover, in most of the animal species its
action is short-lived. Once the drug effect (due to RO15-
4513) is washed out, the animals go back to sedation (ptosis)
as with high doses of ethanol or pentobarbitone. One recent
observation in squirrel monkeys has shown that chronic

administration of (1 mg/kg, PO) RO15-4513 produced severe
tremors in seven out of eight monkeys, two even exhibiting
tonic-clonic convulsions [86]. This species could be excep-
tionally sensitive to the action of RO15-4513, however, no
such intrinsic effects are reported in rodents, although a very
brief period of attack and aggressive behavior is seen when
animals are in groups after the intraperitoneal administra-
tion of RO15-4513. Furthermore, Lister and Karanian [72]
observed RO15-4513-induced seizures in DBA/2 mice under-
going alcohol withdrawal, cautioning the potential applica-
tion of this compound as alcohol antagonist, as alcohol with-
drawal is known to produce withdrawal seizures in certain
populations. Although the metabolic disposition of RO15-
4513 is not known, it appears to have a short half-life and
azido compounds are known to be carcinogenic in nature
which may further limit its use once its exact metabolic
pathway is known. In all the behavioral studies so far re-
ported, the pharmacokinetic parameters of ethanol were not
altered by RO15-4513 which may have serious implications
on the untowards effects of ethanol on liver and brain, and
also the possible legal and moral implications. In spite of
these limitations, the pharmacology, particularly the
alcohol-reversal effect of RO15-4513, has caught the imag-
ination of medicinal chemists and enthused pharmacologists
and alcohol researchers equally; to look for the development
of compounds like RO15-4513 with alcohol antagonistic
property in man to sober the intoxication effects without
producing undesired inverse agonistic actions [58,73].
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