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Progabide, a new antiepileptic GABA agonist of moderate affinity for GABA receptors, has been studied in a number of
psychiatric disorders and the results compared with the action of this drug in animal models. In an animal model for anxiety
(the aversive response to periaqueductal grey stimulation in the rat) progabide had a similar action to that of diazepam.
However in clinical trials to date the effect of the GABA agonist was inferior to that of benzodiazepines. As progabide
diminishes both the nigrostriatal dopamine neuron activity and the effects of striatal dopamine receptor activation, a trial in
schizophrenic patients was undertaken. Progabide was devoid of any evident antipsychotic action. However a certain
improvement in responsiveness to the environment and in social interactions was noticed in hebephrenic and shizoaffective
syndromes. This lack of antipsychotic effect of progabide may be a reflection of the weak activity of GABA agonists on
limbic dopamine neurons. In these various clinical trials a definite improvement of affect and mood was noted in those
patients receiving progabide. In clinical trials in depressed patients progabide produces a significant reduction in depressive
symptoms, an action similar to that of imipramine both for the global clinical rating and the HRSD. This antidepressant
activity is reflected by the action of progabide in behavioural models of depression such as olfactory bulbectomy, learned

helplessness and the sleep-wake cycle.

Animal model Progabide GABA agonists

THE central inhibitory neurotransmitter gamma-amino-
butyric acid (GABA) has been found in all areas of
human brain examined including different regions of the cor-
tex, limbic system. extrapyramidal system, mid- and hind-
brain and spinal cord [55]. A role for GABA neurons in the
etiology of neurological disorders is well established. disease
states such as epilepsy [44], Parkinson's disease [41] and
Huntington's disease [22.38] all having a dysfunction of
GABA neurons as shown by post-mortem studies. Further-
more, increasing GABAergic transmission is of therapeutic
benefit in epilepsy [38] and dopamine receptor related dys-
kinesia [2.11].

Thus, the importance of intact GABAergic function is
well established for the etiology as well as therapy of certain
neurological disorders. However, GABA-mediated func-
tions have not received as much attention in research on
psychiatric diseases. A major reason has been the lack of
suitable compounds for clinical trials. This situation has re-
cently improved and there are now sufficient data from
animal models and clinical trials to assess the potential use of

at least one GABA agonist drug (progabide, [31. 41, 82]).
THIP (tetrahydroisoxalopyridine-ol [32]) another GABA
agonist with clinical potential, is discussed in an accompany-
ing article [13].

Progabide is a GABA agonist (i.e., acting directly at the
GABA recognition site) which is metabolized **in vivo™ to
another GABA agonist, SL 75102, and eventually to GABA
itself {82]. The formation of measurable amounts of GABA
after progabide administration takes several hours [41]. The
evidence that progabide is a GABA agonist resides in its
ability to displace *H-ligands (*H-GABA, *H-muscimol, *H-
isoguvacine) from the specific GABA recognition site from
either rat or human brain membranes [41]). The relative po-
tency of progabide in the binding model is 1/64—1/1000 that of
GABA for rat brain membranes and 1/150-1/200 for human
cerebellar membranes (ratio of IC 50s, [41]).

SL 75102 (an active metabolite of progabide) has a higher
affinity for the GABA receptor than progabide as indicated
from binding studies (1/3-1/100 that of GABA [41]). Fur-
thermore, as SL 75102 is water soluble (in contrast to

'Portions of these data were presented at the III World Congress of Biological Psychiatry, Stockholm, 1981.
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progabide) it has also been assessed neurophysiologically. In
the rat dorsal root ganglion, SL 75102 fulfills the criteria for a
GABA agonist, showing the same decay time as GABA, a
cross desensitization to GABA, a bicuculline- and
picrotoxinin-sensitivity and the same reversal potential as
GABA [19). The present article reviews the data on
progabide with regard to animal models and clinical trials in
psychiatric disorders.

ANXIETY AND ANXIOLYTICS

There are not any findings to date which clearly indicate
which neurotransmitters are of consequence for the etiology
of anxiety. To the authors’ knowledge, only two studies have
tried to correlate GABA levels in the CSF with symptoms of
anxiety in the same patients. One study reported a significant
negative correlation [7] whereas the other study [60] was
unable to find a correlation between the two parameters.
Thus at the present time it cannot be said that there is any
evidence that GABA neurons are dysfunctional in situation
leading to anxiety or dominated by anxious state. However,

1 some animal models, disrupting GABA neuron function
has an anxiogenic action [8,72] and GABA turnover is re-
ported to be decreased in limbic areas of brains of rats
trained for a conditional emotional response [34].

In contrast to this lack of knowledge in the neuro-
chemistry of anxiety, there is evidence that GABA neurons
play an important role in the mechanism of action of
anxiolytic drugs [8, 14, 61], and there are data to suggest that
some GABA agonists are potential anxiolytics [14,68].
GABA itself has an “‘anxiolytic’ action when injected into
either the periaqueductal grey region or dorsal raphe of the
rat [8,75].

The present concepts of the mechanism of action of ben-
zodiazepines involve an obligatory role of GABA in the
GABA-benzodiazepine macromolecular complex. Thus, the
interaction of a benzodiazepine at its recognition site serves
to increase the affinity of GABA receptors and the efficacy
of GABAergic transmission {14,15). If this hypothesis is cor-
rect, then it should follow that (1) the action of ben-
zodiazepines will be blocked by GABA antagonists, and (2)
GABA agonists should show an anxiolytic potential in the
appropriate animal models.

Animal Maodels

To answer these questions, an aversive state was induced
in the albino rat by electrical stimulation of the periaqueduc-
tal grey matter [77). Diazepam was used as a typical ben-
zodiazepine and progabide was studied as the GABA agonist
RO15-1788 was used as a specific antagonist of ben-
zodiazepine receptors [29].

As can be seen from Table 1, progabide has an effect
qualitatively similar to diazepam in the aversive stimulation
test, both compounds producing well defined dose-response
curves. Furthermore, the actions of diazepam and progabide
appear to be synergistic as the combination of an inactive
dose of each compound results in a potent antiaversive ef-
fect. From Table 1 it is clear that the GABA receptor
antagonist bicuculline markedly reduces the antiaversive ac-
tion of both progabide and diazepam. In contrast, blockade
of benzodiazepine recognition sites by RO 15-1788 com-
pletely blocks the action of diazepam without altering that of
progabide.

These results show that for this model of aversive be-
haviour, the effect of benzodiazepine receptor occupation is
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TABLE 1

EFFECT OF PROGABIDE AND DIAZEPAM ON THE ESCAPE
LATENCY IN THE AVERSIVE RESPONSE TO P.A.G. STIMULATION

IN THE RAT

Change in

Escape

Dose Latency

Drug (mg/kg, IP) (sec)

Saline + 5+ 6
Diazepam 2.5 + 15+ 8
5.0 + 60 x 13*
7.5 +105 = 16*

Progabide 25 + 12x 3
50 + 20 7
100 + 78 = 8*
Diazepam + Progabide 2.5.50 + 96 + 9t
Diazepam + Bicuculline 7.5,3.0 + 32+ 9%
Progabide + Bicuculline 100; 4.0 + 36 = 8
Diazepam + RO 15-1788 7.5 35 + 18 = S§*
Progabide + RO 15-1788 100; 35 + 71 7*

Electrodes were placed in the periaqueductal grey region and
the animals trained in a shuttle-box as previously described [6].
Escape latencies to graded increments (60-80-100-120 uA) of elec-
trical stimuli (one per second, 300 msec trains of 15-0.2 msec pulses,
50 Hz) were measured. The sum of the latencies at the three lowest
currents provoking an escape reaction was compared between
drug-free and drug-treated sessions and the difference (change in
escape latency) was recorded.

All data are expressed as the mean + S.E.M., 7-10 rats per group.
Neither bicuculline nor RO-15-1788 alone decreased the escape la-
tency.

*=p<0.01 vs. saline injection.

t=p<0.01 vs. diazepam or progabide alone.

Data from (5, 6, 42].

dependent upon a functional GABA-receptor, but that
GABA receptor function is not reduced by blockade of ben-
zodiazepine receptors. Thus the two predictions from the
GABA hypothesis discussed above are indeed fulfilled by
the experimental data.

Clinical Aspects

At the clinical level the possible anxiolytic action of
progabide has been tested in an open and a controlled study
on patients suffering from neurotic anxiety and also in two
open studies run on alcohol and narcotic addicts during the
withdrawal period. In all four trals a certain anxiolytic ac-
tion of progabide was noted. However at the doses used (up
to 30 mg/kg) the effect was inferior to that commonly ob-
served with benzodiazepines in such situations.

From this it follows that GABA agonists may have a po-
tential anxiolytic activity, but that more potent compounds
are needed. A pertinent question is what advantage GABA
agonists might possess as compared to the benzodiazepines,
especially if both classes of compounds exert their activities
via the same macromolecular receptor compiex.

It appears that at least some of the effects of ben-
zodiazepines are not coupled to GABA receptors. Thus,
using a simple black-white avoidance task for assessment of
the retention of acquisition (memory), seven ben-
zodiazepines disrupted the retention in correlation with their
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TABLE 2
EFFECT OF PROGABIDE ON BIOCHEMICAL INDICES OF DOPAMINE NEURON FUNCTION IN STRIATAL AND LIMBIC REGION
Control Value Value after Progabide
Limbic Limbic
Test System Striatum Areas Dose of Progabide Striatum Areas
Dopamine Release 100 + 10% — S0 mg/kg, IV L hr 50 = 79+ —
(% Control)
“in vivo.' cat brain
(n=35)
2hr 46 = 5%t _
3hr 59 = 8%+
Dopamine Levels 2730 = 160 730 = 30 400 mg/kg. IP 3270 + 170* 705 = 68
after MT, (Rat) ng/g ng/g ng/g ng/g
(n=12)
DOPA Levels after 1.53 = 0.10 0.98 = 0.04 400 mg/kg, [P 1.08 + 0.03t 0.88 + 0.05
NSD—1015 (Rat) ne/e uelg uelg
(n=10)

Experimental conditions were previously described in detail [66). Limbic areas are the nucleus accumbens pooled with the olfactory
tubercles and septal regions. a-Methyltyrosine («MT, 250 mg/kg, IP) was administered 4 hr and progabide 3 hr prior to sacrifice. NSD 1015
(100 mg/kg. IP) was administered 30 min after progabide and the animals sacrificed 30 min thereafter. -

Values expressed as means with S.E.M.'s. Number of animals in parentheses. Data from [66].

*p<0.05; Tp<0.01 vs. respective control values.

anticonvulsant activity whereas progabide did not disrupt
retention in doses as high as 800 mg/kg, IP (Broekkamp and
Lloyd, unpublished observations). Such findings indicate
that the anxiolytic potential of GABA agonists may be
exploited without provoking some of the adverse secondary
effects of the benzodiazepines.

SCHIZOPHRENIA

The most prevalent biological hypothesis for schizophre-
nia is the dopamine hypothesis, which suggests that a
hyperactivity of dopaminergic neurons and/or a supersen-
sitivity of dopamine receptors in the brain (cortex? limbic
system? striatum?) are the underlying causes of the schizo-
phrenic condition. In terms of antipsychotic drug action, all
presently used neuroleptics block dopamine receptor func-
tion [67]. Furthermore diminution of dopamine synaptic
function (inhibition of tyrosine hydroxylase by a-
methyl-p-tyrosine or inhibition of L-DOPA decarboxylase
by a-methyl DOPA) potentiates the clinical effects of
neuroleptics (cf, [10,37]). Furthermore reserpine, which de-
pletes dopamine levels in the brain, also has an antipsychotic
action [57].

From these findings a logical conclusion is that impair-
ment of central dopamine synaptic function will either have a
direct antipsychotic action, or else will potentiate the actions
of neuroleptics. A host of studies indicate that nigro-
neostriatal dopamine neurones are tonically inhibited by
GABA neurons (cf, [20,36)) and that GABA neuron function
may be involved in the mechanism of action of neuroleptics
[23, 39, 49]. In addition to their interaction with dopamine
neurones, GABA synapses have been proposed to be in-
volved directly in psychoses. The basis for the GABA hy-
pothesis being founded both on theoretical considerations
[63] and from post-mortem studies (e.g., [4,56]). However
the latter are not consistent [16,54] and have been challenged
on a methodological basis [30].

Animal Models

As can be seen from Table 2, progabide effectively di-
minished nigro-striatal dopamine neuron activity as shown
by the decrease in endogenous dopamine release from the
cat caudate nucleus “'in vivo,'” the decrease in the utilization
of striatal dopamine after inhibition of tyrosine hydroxylase
by «-MT, and a reduced accumulation of DOPA after DOPA
decarboxylase inhibition by NSD-1015. In addition this
GABA agonist seems also to reduce the effectiveness of
dopamine receptor activation at a site distal to the dopamine
receptor. Thus, progabide decreases the stereotyped be-
haviour provoked by apomorphine (Table 4), an action
which cannot be explained by a direct effect on dopamine
neurons.

Progabide not only exerts an effect per se on the nigro-
striatal dopamine neurons, it also modifies the action of
neuroleptics on these neurons. According to the present un-
derstanding of the mechanism of action of neuroleptics,
these compounds exert a direct dopamine receptor blockade
which triggers a feedback mechanism of dopamine neuron
activation (cf, [40]). The latter is thought to be a homeostatic
adjustment to overcome the dopamine receptor blockade,
thus reducing the effect of the neuroleptic by increasing the
dopamine-neuroleptic competition at the receptor site.
Progabide prevents this activation of dopamine neurons by
neuroleptics (Table 3) as demonstrated by the total block of
the chlorpromazine-induced enhancement of stnatal
dopamine release from the cat caudate nucleus, ‘'in vivo.”
Furthermore, progabide reduces both the increase in
dopamine utilization (after «-MT) and DOPA accumulation
(after NSD 1015) normally observed after haloperidol admin-
istration.

This interaction of progabide with neuroleptics on
nigro-striatal dopamine neuron activity has behavioural con-
sequences. Thus, the antistereotypic effect of haloperidol is
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TABLE 3

EFFECT OF PROGABIDE ON NEUROLEPTIC-INDUCED ALTERATIONS IN BIOCHEMICAL INDICES OF DOPAMINE
NEURON FUNCTION

Value for Neuroleptic

Value after Neuroleptic + Progabide

Test System Striatum Limbic Dose of Progabide Striatum Limbic
Dopamine Release (n=11) (n=5)
(% Control) “*in vivo™, [ hr 252 + 30% — S0 mg/kg, IV [ hr 93 + —
cat brain, chlorproma- 2 hr 246 = 55%¢ — 2hr 97 = —
zine, 1 mgkg, 1V
Dopamine Levels*® 2.30 = 0.08 1.45 = 0.09 400 mg/kg. 1P 2.68 = 0.10% 1.48 = 0.08
in the brain after 17824 ne/g
a-MT and Haloperidol
(0.5 mg/kg, IP)
(n=20)
DOPA Levelst 5.07 = 0.20 1000 mg/kg, 1P 2.80 = 0.40% —
in the brain after NSD ne/g
1015 and Haloperidol
(0.5 mg/kg, 1P)
(n=10)

Experimental conditions were previously described in detail [66]. Limbic areas consist of nucleus accumbens pooled with olfactory
tubercles septal areas. a-MT (250 mg/kg, IP) was administered 2.5 hr, progabide 2 hr and haloperidol 1.5 hr before sacrifice. NSD
1015 (100 mg/kg, IP) was administered 60 min, haloperidol 35 min and progabide 30 min prior to sacrifice.

Values expressed as means with S.E.M.’s. Number of animals in parentheses.

*Data from [3].
+Data from [66].
#p<0.01 vs. neuroleptic alone.

potentiated by progabide (Table 4). However the
progabide-neuroleptic interaction is more complex than it
appears initially, as although moderate doses (100 mg/kg, IP)
of this GABA agonist potentiate haloperidol induced
catalepsy (probably via action on GABA receptors both
presynaptic and postsynaptic to the striatal DA nerve termi-
nal), very low doses reduce the cataleptic effect of the
neuroleptic. This is unlikely a result of an action of progabide
on dopamine neurons as these doses are completely inactive
on biochemical indices of dopamine neuron function.
Rather. it would seem that this anticataleptic action is subse-
quent to a very sensitive GABA receptor-mediated inhibition
of striatal cholinergic neuron activity [64).

Although the final effect of progabide is similar to that of
neuroleptics in that it blocks nigro-striatal dopamine neuron
activity. the sensitivity of the limbic system to these com-
pounds is very different. Thus, in limbic areas (septum +
olfactory tubercle + n. accumbens) dopamine utilization
after a-MT, or DOPA accumulation after NSD 1015 (Table 2)
are unaltered by doses which markedly diminish nigro-
striatal dopamine neuron activity. Furthermore in these
limbic regions, the haloperidol-induced increase in dopamine
utilization (after «-MT) (Table 3) is unaltered by doses of
progabide which markedly decrease the activation of nigro-
striatal neurons by neuroleptics (see above). This is in con-
trast to the sensitivity of the limbic system to neuroleptic
compounds, most of which have an equal. or more
pronounced, effect on limbic as compared to striatal
dopamine neurons [65].

This low sensitivity of the biochemical indices of limbic
dopamine neuron activity is reflected in the behavioural
profile of progabide. Thus, the anti-apormorphine-induced

climbing activity of haloperidol is not altered by this GABA
agonist (Worms and Lloyd. unpublished observations).

Clinical Studies

There are data reported to date on 26 schizophrenic pa-
tients who have undergone clinical trials with progabide [51],
16 received progabide as monotherapy and 10 received the
GABA agonist in combination with standard neuroleptic
treatment. Progabide was administered for 3-64 days at
doses of 1500-2400 mg per day.

Either as monotherapy or in combination with neuroleptic
drugs. progabide was devoid of any evident anti-psychotic
action. In fact, a few patients suffering from paranoid schiz-
ophrenia presented an aggravation of the clinical picture with
increased hallucinations and delirium. In contrast a certain
improvement in responsiveness to the environment and in
social interactions was noticed in hebephrenic and schizoaf-
fective syndromes under progabide.

These clinical studies confirm previous observations with
other GABA agonists (e.g., muscimol [11]) that these com-
pounds are ineffective as antipsychotic agents. This is
possibly a reflection of the weak activity of GABA agonists
on limbic dopamine neurons. This is consistent with most
reports that GABA levels in CSF are not abnormal in schiz-
ophrenia [7, 16, 25, 35, 50, 78].

Nonetheless, the effectiveness of GABA agonists on
striatal dopamine neurons may be apparent at the clinical
level. Thus, although devoid of antipsychotic activity, these
compounds (e.g., progabide, muscimol) diminish tardive
dyskinesia [11,51]. This activity is reproduced in animal
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TABLE 4
EFFECT OF PROGABIDE ON DOPAMINE-MEDIATED BEHAVIOUR: INTERACTION WITH HALOPERIDOL
Progubide Haloperidol
Control Dose Dose Progabide
Test System Value {tmg/kg, 1P) Value (mg/kg. IP) Effect + Haloperidol
Apomorphine 13+ 1.0 100 10.8 = 0.6 0.05 10.0 = 0.5* 6.0 = 1.0%
(0.25 mg/kg. SO {(n=30) (n=12) (n=12) (n=12)
slereotypies in mice 400 5.5 = 0.57 — —
mean score (n=16)
Cutalepsy in rats 12.5 0 0.6 60 = 4% 31 = TG
Gt of animal cataleptic (n=6) (n=6)
100 0 0.6 60 = 4% 83 = 4%z
(n=6) (n=6)

Catalepsy (10 sec minimum in 4-cork test) and stereotypies (0-4 point rating scale) were measured as previously described [81]. The
behaviour of the rats were rates for 1 hr after administration of either apomorphine plus progabide or haloperidol progabide.

Values expressed as means with S.E.M.s.
Data taken from [45].

#n< (.05 *p<0.01 vs. apomorphine alone.
ip<0.001 vs. haloperidol alone.

models for either dopaminomimetic or neuroleptic dys-
kinesia [43].

DEPRESSION

Until recently there was no reason to implicate GABA
synapses in either the etiology of depression or in the
mechanism of action of antidepressant drugs. This is likely
due to the concentration of research efforts on the “‘classi-
cal”’ anti-depressant drug actions. Recently interest has
taken hold on the possibility that GABA systems may play a
role in affective disorders. The major impetus for this effort
has been the demonstration that one GABA agonist
(progabide) has antidepressant qualities (see below) and that
another GABA agonist (THIP) is mood elevating
(Krogsgaard-Larsen. personal communication). Supporting
evidence is the abservation that GABA levels are low in the
CSF [25.26 but not 60] and plasma |57] of depressed patients,
that GABA agonists and mimetics are effective in certain
animal models for depression (see below) and that some
antidepressant drugs alter GABA uptake and release {al-
though at concentrations greater than those effective on
monoamines [28. 55. 71]). With this in mind we have investi-
gated the effect of progabide on behavioural and biochemical
indices used to predict antidepressant drug action.

Animal Models

In the two behavioural models studied (olfactory bulbec-
tomy and learned helplessness) progabide exerted an
antidepressant-like activity, similar to that of imipramine
(Fig. 1). Furthermore. in the olfactory bulbectomized rat.
progabide had a faster onset of action than did imipramine.
In this regard, the acute action of progabide in this model
was qualitatively similar to that of the serotonin-uptake in-
hibitors (e.g.. fluoxetine. [9]). This action of progabide. in at
least the olfactory bulbectomy model. was apparently re-
lated to its GABA agonist activity as the action of the com-
pound was completely blocked by bicuculline (Fig. 1) at
doses of bicuculline which are inactive per se (unpublished
data). Furthermore muscimol, at a dose of 1.0 mg/kg, IP,
also reversed the passive avoidance deficit in the olfactory
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FIG. 1. Rats were previously subjected to either olfactory bulb re-
moval (A) or unavoidable shock (B) before being trained for passive
(A) or active (B) avcidance. Values expressed as means with SEMs
for 5-7 rats per group.
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TABLE 5

EFFECT OF PROGABIDE ON BEHAVIOURAL INDICES OF NORADRENERGIC AND
SEROTONINERGIC NEURON FUNCTION

Test System Progabide [Imipramine Mianserine
Reserpine-Induced 200 1.0 >20
Ptosis in the mouse
ED 50 mg/kg. [P
Reserpine-Induced
PGO waves in the cat —35% at 0.13 >10
¥ decrease, dose mg/kg, IV 16 mg/kg., IV
Reversal of 5-hydroxy- 25 >10 0.2

tryptophan Head Twitches in
the mouse. ED 50 mg/kg, IP

For the reversal of reserpine ptosis in the mouse [27] reserpine (4 mg/kg, IP) and progabide or
imipramine were injected simultaneously. For the reversal of the S-HTP (250 mg/kg, IP) induced
head-twitches |80], the 1est substances were administered. simultaneously with 5-HTP. The rever-
sal of the reserpine (0.75 mg/kg, IV, 3 hr previous) induced phasic PGO waves in the cat was

studied as previously described [17].

CLASSICAL PARADOXICAL PARADOXICAL
SLEEP SLEEP SLEEP
{ Duration ) (Duration ) { Number
+ 50 4 of Phases)
Percent Change :
from Contral ¢ |
] *
1 *
- 504
* %k *
150 300 150 300 150 300
PROGABIDE (mg/kg.i.p.}
#* p<005 versus solvent njection
%% p< 0.0]

FIG. 2. Electrode implantation, EEG recording and analysis and
drug administration schedules (day 1=vehicle control: day
2=progabide, 150 mg/kg. IP and day 3=progabide. 300 mg/kg. IP:
day 4=vehicle control) were carried out as described in detail in the
text.

bulbectomized rat (4.1+0.5 trials for muscimol vs 6.5+0.6
for saline, p<0.02).

The observation that progabide reverses the passive
avoidance deficit in olfactory bulbectomized rats is consis-
tent with the existence of GABA neurons in this region [1.
47, 62] some of which terminate in the amygdala [47], a site
of action for antidepressant drug action in this model [24].
There is also supportive evidence that GABA neurons are
involved in the action of antidepressant drugs in the learned
helplessness model of depression and that intracerebral in-
stillation of GABA itself will reverse the learned helpless-
ness situation [58,69].

Progabide alters the normal rhythm of the sleep-
wakefulness cycle in that it preferentially diminishes

paradoxical sleep in the rat at doses which have little, or
minimal, effect on classical slow-wave sleep (Fig. 2). This
action of preferentially blocking paradoxical sleep is typical
for compounds exerting an antidepressant action in man
[18.33].

Most of the presently recognized antidepressant drugs
exert an action on NE and/or 5-HT neurons. Although
progabide exerts its action in a bicuculline-sensitive manner
in the olfactory bulbectomized rats, and is without a direct
action on noradrenaline or serotonin receptors or uptake sys-
tems ([41] and Scatton ¢7 «l., unpublished data), it was of
interest to determine if progabide would alter other param-
eters of noradrenergic and serotonergic neuron activity. In
behavioural tests closely related to NE neuron function (re-
serpine induced ptosis or PGO waves), progabide was at
most weakly active (Table 5). However in tests indicative of
an action on 5-HT neurons (or 5-HT receptor mediated
events), progabide showed a potent activity. In this manner
the spectrum of progabide activity resembles much more
that of mianserine than imipramine (Table 5).

In terms of neurochemistry. progabide altered indices of
both NE and 5-HT neuron function (Table 6). After acute
administration of progabide, NE neuron activity appeared to
be increased as indicated by enhanced MOPEG-SQO, levels
and a more rapid disappearance of NE after inhibition of
tyrosine hydroxylase. On the other hand, 5-HT neuronal ac-
tivity appeared to be decreased by acute progabide, as
shown by a decreased disappearance of 5-HT after inhibition
of tryptophan hydroxylase, and a slower accumulation of
S-HTP after decarboxylase inhibition.

After subacute (14 day) administration of progabide, NE
turnover was no longer modified: however the decrease in
5-HT neuron activity is increased [83]. The effects of
progabide on the biochemical indices of noradrenergic
transmission are in contrast to those observed with classical
tricyclic antidepressants which acutely diminish MOPEG-
SO, levels and which on repeated treatment increase the
concentrations of this NE metabolite [73].

Although progabide and the classical tricyclic anti-
depressants appear to act differently at the presynaptic
level of noradrenergic neurons. they seem to act synergisti-
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TABLE 6

EFFECT OF PROGABIDE ON BIOCHEMICAL INDICES OF NORADRENERGIC AND SEROTONINERGIC
NEURON FUNCTION IN THE RAT BRAIN*

Progabide dose Value after
Parameter Measured Control Value (mg/keg, IP) Progabide
MOPEG-SO, in 100 = 8% 400 136 = 9%t
Whole Brain (n=10) 1000 141 + 12%%
% Control
Noradrenaline Levels 677 = 40 400 461 = 33t
after a-MT ng/g ng/g
Septal areas (n=8)
5-HT Levels
Limbic areas 630 = 25 ng/g 600 674 = 34 ng/g
Striatum 388 = 11 ng/g 600 386 + 10 ng/g
S-HIAA Levels
(n=10-40)
Limbic Areas 336 = 22 ng/g 600 399 + 33 ng/g
Striatum 430 = 9 nplg 600 602 = 211 ng/g
5-HT Levels after
a-propyldopacetamide
(500 mg/kg, IP) % control
(n=21)
Limbic areas 72 £ 6% 600 74 £ %
Striatum 60 * 4% 600 85 =+ 4i%
S-HTP Levels after
NSD-1015 (100 mg/kg, IP)
(n=15)
Limbic areas 205 = 13 ng/g 600 200 = 11 ng/g
Striatum 187 = 6 ng/g 600 150 = S5t ng/g

Experimental conditions were previously described in detail [66]. Septal areas refers to the septum
pooled with the nucleus accumbens septi whereas limbic areas refers to the nucleus accumbens pooled
with the olfactory tubercles and septum. o-MT was administered 4 hr, 2-propyldopacetamide 3 hr and
NSD 0.5 hr prior to sacrifice. Progabide was injected 1 hr post «-MT, 0.5 hr post
a-propyldopacetamide and 0.5 hr prior to NSD 1015. For the determination of MOPEG-SO, progabide
was injected 2 hr before sacrifice, for 5-HT and 5-HIAA determinations progabide was administered

1.5 hr prior to sacrifice.

Data expressed as means with S.E.M.’s, number of animals in parentheses.

*Data from [66].
tp<0.01 vs. control value.

cally at the postsynaptic level. Thus at doses of progabide
and imipramine which alone are inactive, repeated adminis-
tration of the two drugs together induces a subsensitivity in
B-adrenoceptor coupled adenylate cyclase activity [83],
an effect which has been proposed to be a reliable predictor
for antidepressant action [74].

It would appear that, from the neurochemical and phar-
macological evidence available, progabide exerts its acute
effects in antidepressant tests by an agonistic action on
GABA receptors modifying, inter-alia, 5-HT neuron activity.
Thus. in behavioural experiments progabide is active upon
single administration in the olfactory buibectomy model; this
is in common with antidepressant drugs with a predominant
5-HT effect whereas noradrenergic compounds must be ad-
ministrated repeatedly to show activity [9]. Furthermore
progabide is at most weakly active against reserpine-induced
ptosis and PGO waves, tests most sensitive to noradrenergic
compounds, whereas this GABA agonist is markedly active
in altering the activity of 5-HTP, similarly to mianserin and
amitriptyline [48].

Clinical Studies

Data in man support the hypothesis that GABA-agonists
have a therapeutic action in depressive syndromes. In a pre-
liminary open study run on 15 depressive patients suffering
from either endogenous (11 cases) or reactive (4) depressive
states, progabide administered at the dose of 2-30 mg/kg/day
led within 8-10 days to a significant improvement in 7 cases
(6 endogenous and | reactive). The amelioration was charac-
terized by a mobilization of defenses, disappearance of cul-
pability and death thought, reappearance of critical judge-
ment and mood elevation [51].

In a second more recent double blind study run against
imipramine (1.6-3.3 mg/kg) in patients suffering from major
depressive episodes (DSM III) or depressive reactions [52],
the antidepressant action of progabide was found to be simi-
lar to that of imipramine both for the global clinical rating
and the Hamilton Rating Scale of Depression. A significant
reduction or disappearance of depressive symptoms was ob-
served in 8 out of 11 cases with progabide and 9 out of 11
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cases with imipramine. As during the first study the
antidepressant action was manifest within 8-10 days of
treatment.

To the authors’ knowledge. the results of clinical trials
using the GABA agonist compounds have not been pub-
lished.

GENERAL DISCUSSION AND CONCLUSIONS

The availability of a GABA agonist with a pharmacologi-
cal and toxicological profile acceptable for human studies
has allowed the testing of several hypotheses for the biologi-
cal basis of neuropsychiatric disease. Until the advent of
progabide the compounds available for testing GABA
hypotheses were either too toxic (e.g.. muscimol, [11]). did
not cross the blood-brain barrier (12.76] or were indirectly
acting compounds with other actions in addition to those on
GABA synapses (e.g., sodium valproate). Progabide and its
metabolite SL. 75102 are specific GABA receptor agonists
[41] and progabide is well tolerated in man [51.52]. This
compound has already provided strong experimental [82]
and clinical [46. 51, 79] support for the GABA hypothesis of
epilepsy and anticonvulsant drug action.

The present studies have focussed upon the activity of a
GABA agonist in animal models and clinical studies of com-
mon psychiatric disorders: anxiety, schizophrenia and de-
pression. Of these. the present results appear to question the
"GABA" hypothesis of schizophrenia and indicate that
GABA agonists (at the classical GABA receptor) are un-
likely candidates as antipsychotic agents. This conclusion is
supported by earlier studies with muscimol [11]. The likely
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basis for this inactivity is that the doses necessary to inhibit
meso-limbic or meso-cortical dopamine neurons by GABA
agonists cannot be reached in the clinic. although nigro-
striatal dopamine neurons activity is readily diminished. This
is (n contrast to most neuroleptics which may even preferen-
tially inhibit mesocortical or mesolimbic dopamine neuron
function, and this activity has been proposed to be related to
their antipsychotic action [65].

The studies in animal models for anxicty support the hy-
pothesis of a GABA-benzodiazepine macromolecular recep-
tor complex and show that GABA receptor activity is neces-
sary for the action of both benzodiazepine and GABA
agonists: however GABA receptors may function independ-
ently of benzodiazepine receptors. The clinical situation
does not completely reflect the findings in the animal models
for anxiety. for although progabide exerts a measurable
anxiolytic action. this is more moderate than that observed
with the benzodazepines.

The clinical antidepressant activity of progabide opens
the question of GABA synaptic function in affective disor-
ders. These observations find support in the neurochemistry
[74] and pharmacology (this paper) of animal models for de-
pression and is consistent with the observations that CSF
GABA levels are below normal in depressed patients. Fur-
thermore, the accompanying paper by Emrich and col-
laborators [21] strongly suggests that GABA synaptic func-
tion plays a role in mania as well as in depression. These
studies indicate the importance not only of GABA neurons in
psychiatric disorders. they also underscore the necessity to
develop new specific drugs for the treatment and understand-
ing of such disorders.
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