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Selective interaction of homophtalazine derivatives with morphine
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Abstract

Homophtalazines show specific binding sites in the nigrostriatal system and to find their target of action the interactions between these
derivatives, nerisopam and girisopam, and chlorpromazine, chlordiazepoxide and morphine were assessed. The compounds did not
influence the chlorpromazine induced decrease in motility and catalepsy, nor did they alter the antiaggressive and anticonvulsive action of
chlordiazepoxide. However, nerisopam and girisopam augmented the agonist potency of morphine to induce catalepsy or analgesia; they
also altered the opioid antagonist potency of naloxone. The naloxone-induced decrease in sucrose consumption in drinking water was
augmented by nerisopam and girisopam. It is suggested that a possible target of action of homophtalazines is the opioid signal
transduction. q 1997 Elsevier Science B.V.
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1. Introduction

Ž .Homophtalazines also called 2,3-benzodiazepines are
compounds with a characteristic pharmacological profile.
The parent compound, tofisopam, is used in human ther-

Žapy as a non-sedative anxiolytic drug for references see
.Pellow and File, 1986 . The animal pharmacology of the

most active derivatives shows them to have anxiolytic,
antiaggressive properties, with relatively moderate sedative
and no anticonvulsant and muscle relaxant activities
Ž .Andrasi et al., 1987; Horvath et al., 1989, 1992a . The´ ´
mechanism of action of these compounds is still unknown,

Ž .although actions via the GABA g-aminobutyric acid –
benzodiazepine receptor complex as well as effects on
dopaminergic signal transduction have been suggested
Ž .Saano and Urtti, 1982; Chopin et al., 1985 . However,
quite recently a binding site for homophtalazines has been
demonstrated in the nigrostriatal system of rats, mice,

Žguinea pigs and cats Salamon et al., 1992; Horvath et al.,´
.1993; Horvath et al., 1994 . The finding of specific ho-´
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mophtalazine binding sites in the striatum has stimulated
the research to identify the target of homophtalazines’
action by studying the interaction profile of these com-
pounds. Nerisopam and girisopam, two highly active
derivatives, were used and their interactions with the 1,4
benzodiazepine chlordiazepoxide, the dopamine antagonist
chlorpromazine and the opioid receptor agonist morphine
were measured in different pharmacological test proce-
dures. Here, we report on the selective interaction of
homophtalazines with morphine and its antagonist, nalox-
one, suggesting a characteristic involvement of opioid
signal transduction in their mechanism of action.

2. Materials and Methods

2.1. Husbandry

ŽThe animals were purchased from LATI Breeding
.Farm of Laboratory Animals, Godollo, Hungary and were¨ ¨ ˝

kept for 3–6 days after arrival in their housing room
before use in acute experiments. The room temperature
was kept at 22"18C with 40–50% relative humidity and

Ž .regular lighting lights on from 7.00 a.m. until 7.00 p.m. .
Free access to standard semisynthetic food pellets
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Ž .purchased from LATI and tap water was allowed. The
experiments were carried out between 9 and 12 a.m. The
experimental procedures were carried out with the permis-
sion of the local Ethical Committee.

2.2. Spontaneous motility in mice

Ž .Male CFLP Carworth Farm Lane Petter mice of 18–22
g body weight were used. After a fasting period of 18 h the
animals were treated with the test compounds and the
motility counts of 4–8 groups of 3 mice were measured at
each dose used. Motility was determined in every 10 min
for 2 h. Horizontal movements were registered by changes
in the capacitance of the insulated metal floor of boxes
used for the motility measurements.

2.3. Measurement of catalepsy in rats

Ž .The method of Costall and Naylor 1973 was used with
a five-channel automatic apparatus, which enabled us to
measure the time spent in immobile posture. Male
Sprague-Dawley rats of 250–300 g body weight were

Žplaced with their forelimbs on a horizontal rod diameter 1
.cm , which was 10 cm above the test surface. For 2–4 h

the time spent in this posture was measured every 30 min.
The catalepsy was scored as shown in Table 1.

Naloxone, morphine and chlorpromazine were dis-
solved in saline, whereas the test compounds were admin-

Ž .istered in a Tween 80 2%, vrv suspension. Naloxone
was administered s.c. 15 min before the simultaneous i.p.
injection of morphine or chlorpromazine and one of the
test compounds; 10 animals were used per groups.

2.4. Fighting mice test

Ž .The method of Tedeschi et al. 1959 was used with
male CFLP mice of 18–22 g body weight. Pairs of mice
were selected which showed at least 3 fighting episodes

Ž .after application of footshocks 2 Hz, 3 mA through the
grid floor during the 3 min control examination. The
animals were treated with test compounds 1 h before
testing and the number of fighting episodes were counted
again. Homophtalazines were administered i.p. simultane-
ously with chlordiazepoxide given orally; 10 pairs of mice
were examined in each group.

Table 1
Catalepsy scores

Ž .Time min spent in cataleptic posture Score

0 0
0.25–2.5 1
2.60–5.0 2
5.10–10.0 3

10.1–20.0 4
)20.0 5

2.5. AnticonÕulsant actiÕity

CFLP male mice of 22–28 g body weight were used.
Convulsions were induced either by maximal electroshock
Ž15 mA current of 150 Hz and 0.2 ms pulse width deliv-

.ered by ear clips for 0.2 s; Swinyard et al., 1952 , or by
Ž .pentylenetetrazol 43 mgrkg, i.v. , as described by Good-

Ž .man et al. 1953 . Both electric shock and pentylenetetra-
zol elicited generalized tonic extension. After an 18 to 24 h
fasting period three increasing oral doses of chlordiazepox-
ide were given 60 min before and homophtalazines were
injected i.p. 30 min before maximal electroshock or
pentylenetetrazol injection. Animals were considered to be
protected when they showed no tonic extension of
hindlimbs in the case of maximal electroshock, or 24 h
survival in the case of pentylenetetrazol. At least 10 ani-
mals were used per dose.

2.6. Analgesia

2.6.1. Treatment schedules
The opioid receptor antagonist naloxone was injected

Ž .s.c. 30 min before morphine s.c. . Girisopam or ner-
isopam was injected i.p. 15 min before morphine.
Girisopam and nerisopam were tested in vehicle treated
animals or in combination with morphine or naloxone or
both. In each experiment three injections were adminis-
tered and one or two drugs were eventually replaced by
saline.

2.6.2. Tail flick
Ž .Male rats 160–180 g body weight of CFYrHarlem

strain were used. The method of D’Amour and Smith
Ž .1941 was used. Animals were gently wrapped in soft
tissue paper and the tail was positioned over a photocell.
The light from a projection bulb was focused on the tail at
a point about 30–40 mm from the tip. Heat induced
removal of the tail exposed the photocell to the light and
stopped the clock measuring the reaction time to the
nearest 0.1 s. The intensity of the light beam was set so
that the control latency time varied between 3 and 5.0 s.
The latency time was measured once before treatment and
15, 30, 45 and 60 min afterwards. The cut off time was 15
s.

ŽFor data analysis first the ‘mean possible analgesia’ %
.MPA was calculated according to the formula

test ycontrollatency latency
%MPAs

cutoffycontrol latency

The doses of drug under study were plotted against the
Žmaximal % MPA determined at any posttreatment read-

.ing and the data were analyzed by least-squares regression
Ž .analysis. The ED values "95% confidence intervals50

Ž .and slopes were calculated according to Bolton 1990 .
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2.7. Measurement of drinking of sucrose solution

Ž .Male rats Wistar, Charles River of 240–260 g body
weight were used. Following a week of adaptation, the

Ž . Žconsumption of water and 10% wrv sucrose commer-
.cial sugar was measured in individual rats after 18 h of

water deprivation. Each rat had free access to two identical
bottles, one filled with tap water and the other containing
sucrose solution. Consumption was measured by weighing
the bottles before and 10, 30 min after the beginning of the
session. The fluid consumption was measured for four
consecutive days. During this period, the drinking habits of
the rats stabilized; they consumed 4–5 times more sucrose
than tap water. On the fifth day 40 min before testing
girisopam or nerisopam was given i.p. and naloxone was
injected s.c. 30 min before the measurement. The fluid
consumption was measured thereafter as described above.

2.8. Drugs

Morphine sulphate was obtained from Alkaloida
Ž .Tiszavasvari, Hungary , chlordiazepoxide from G. Richter´
Ž .Budapest, Hungary and chlorpromazine from EGIS Phar-

Ž .maceuticals Budapest, Hungary . Pentylenetetrazole and
naloxone were purchased from Sigma. Homophtalazines,

Ž Ž .i.e., girisopam 1- 3-chlorophenyl -4-methyl-7,8-dimeth-
. Ž Žoxy-5H-2,3-benzodiazepine and nerisopam 1- 4-amino-

. .phenyl -4-methyl-7,8-dimethoxy-5H-2,3-benzodiazepine
Žwere synthesized as described Korosi and Lang, 1974;˝ ¨ ´

.Korosi et al., 1981 . Morphine and naloxone were dis-˝ ¨
solved in saline and girisopam and nerisopam were sus-
pended in 1% Tween 80. Drug solutions were administered
in volumes of 0.1 mlr10 g body weight in mice and 0.2
mlr100 g body weight in rats.

2.9. Data analyses

ED values with 95% confidence intervals were calcu-50
Ž .lated according to Litchfield and Wilcoxon 1949 , using a

computer adapted version. The same method was used to
compare ED values. The results of movement tests,50

Table 2
Effect of chlordiazepoxide and nerisopam or girisopam on maximal
electroshock seizures

Treatment ED mgrkg 95% Confidence n50

p.o. limit

Chlordiazepoxide 28.9 24.2–34.4 30
Chlordiazepoxideq 32.4 27.4–38.4 40
girisopam 10 mgrkg

Chlordiazepoxideq 36.7 25.2–53.4 40
nerisopam 10 mgrkg

Chlordiazepoxide was given in doses of 20–40 mgrkg p.o. 60 min before
electric shock, nerisopam and girisopam were administered 30 min after
chlordiazepoxide intraperitoneally.

Table 3
Inhibition of pentylenetetrazol convulsion by chlordiazepoxide, effects of
nerisopam and girisopam

Treatment ED mgrkg 95% Confidence n50

p.o. limit

Chlordiazepoxide 2.06 1.39–3.06 50
Chlordiazepoxideq 1.36 0.81–2.29 40
girisopam 10 mgrkg

Chlordiazepoxideq 1.48 1.06–2.06 40
nerisopam 10 mgrkg

Chlordiazepoxide was given in doses of 1.25–5.0 mgrkg p.o. 60 min
before pentylenetetrazol, and nerisopam and girisopam were administered
30 min after chlordiazepoxide intraperitoneally. Pentylenetetrazol was
given i.v. in a dose of 43 mgrkg.

catalepsy measurements and sucrose consumption were
Ž .calculated using ANOVA analysis of variance followed

by Newman–Keuls or Dunnett’s test or Kruskal–Wallis
test. The data of the tail flick assay were processed as
described in Section 2.6.2. The calculations were per-

Žformed with the aid of SAS Statistical Analysis Systems,
.New York, NY, USA .

3. Results

3.1. Interaction with chlordiazepoxide

3.1.1. AnticonÕulsant actiÕity
The well established anticonvulsant activity of chlor-

diazepoxide could be demonstrated both in electroshock
and in pentylenetetrazol convulsion tests. Neither girisopam
nor nerisopam altered the anticonvulsant activity of this

Ž .1,4-benzodiazepine Tables 2 and 3 . The homophtalazine

Fig. 1. The effects of nerisopam, girisopam and chlordiazepoxide in the
fighting mice test. The interaction of 5 mgrkg i.p. administered ner-

Ž .isopam and 10 mgrkg i.p. girisopam with increasing doses abscissa of
orally given chlordiazepoxide was examined. Treatments were given 1 h
before measurements. Ordinate: percent inhibition of fighting behavior.
At each points 10 pairs of mice were examined. Open columns: inhibition

Ž .of fighting by girisopam 10 mgrkg i.p. , hatched columns: inhibition by
Ž .nerisopam 5 mgrkg i.p. given alone.
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Ž .Fig. 2. Chlorpromazine induced catalepsy and the effect of A girisopam
Ž . Ž . Ž .50 mgrkg and B nerisopam 10 mgrkg . Rats were treated i.p. 150

Ž .min before measurements time of maximal effect of chlorpromazine .
Mean values"S.E.M., ns10.

derivatives alone in the doses used did not alter the
electroshock or pentylenetetrazol seizures.

3.1.2. Fighting mice test
Chlordiazepoxide inhibited fighting behavior in mice,

Ž .with an oral ED of 29.2 13.3–64.7 mgrkg. The calcu-50

lated ED values of girisopam and nerisopam were 7.7550
Ž . Ž .4.79–12.55 and 4.03 2.52–6.45 mgrkg, respectively.
The chlordiazepoxide dose–response curve was shifted to
the left by simultaneous administration of 5 mgrkg ner-

Ž .isopam or 10 mgrkg girisopam Fig. 1 . The shifts of the
Žcurves were significant p-0.05, calculated according to

.Litchfield and Wilcoxon, 1949 and suggest that the effects
of homophtalazines and chlordiazepoxide were additive.

3.2. Interaction with chlorpromazine

3.2.1. Motility
Chlorpromazine was administered in doses of 1.5, 6.25

Ž .and 25 mgrkg orally. Girisopam 10 mgrkg i.p. and
Ž .nerisopam 5 mgrkg i.p. caused a significant decrease in

Ž .motility see inset to Fig. 3 . This decrease caused by
girisopam and nerisopam in animals treated with the above
doses of chlorpromazine was not significantly different
from that caused by the homophtalazine derivatives alone
Ž .data not shown .

3.2.2. Catalepsy
Chlorpromazine in doses of 5–10 mgrkg i.p. induced

dose-related catalepsy in rats, with a maximum at 150 min
after treatment. Pretreatment with 10 mgrkg nerisopam or
50 mgrkg girisopam did not modify the cataleptogenic

Ž .activity of chlorpromazine Fig. 2 . The slight increase in

Fig. 3. Morphine-induced hypermotility in mice and the effects of girisopam and nerisopam. The doses of girisopam and nerisopam i.p. were 10 and 5
mgrkg, respectively. Treatments were given simultaneously at 0 min. Mean values"S.E.M., 9–15 mice were examined at each points. ) The effect of

Ž . Ž . Ž .morphine is significant Fs38.0, Newman–Keuls test: P-0.05 , the effects of girisopam Fs52.5 and nerisopam Fs218.7 compared to the
Ž .morphine-treated group are significant at each point of measurement P-0.001 . Inset: the effects of the doses of girisopam and nerisopam used on

) ) Ž .motility of mice; P-0.01, Fs10.99 ANOVA followed by Newman–Keuls test .
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the scores of the simultaneously treated groups was not
significant by ANOVA followed by the Kruskal–Wallis
test.

3.3. Interaction with morphine

3.3.1. Motility
Morphine in doses above 5 mgrkg s.c. increased the

Ž .spontaneous motility of mice. Nerisopam 5 mgrkg i.p.
Ž .and girisopam 10 mgrkg i.p. inhibited this effect of

Ž .morphine Fig. 3 . There was a rightward parallel shift of
the morphine dose–response curve in both cases. Ner-
isopam and girisopam inhibited the motility of mice simi-

Ž .larly, when administered alone Fig. 3, inset .

Fig. 4. The effects of nerisopam and girisopam on morphine-induced
Ž . Ž .catalepsy in rats. Increasing doses of morphine abscissa as well as A

Ž . Ž . Ž .girisopam 50 mgrkg and B nerisopam 10 mgrkg were given i.p. 45
Žmin before measurements time of maximal catalepsy evoked by mor-

.phine . Naloxone was administered in a dose of 10 mgrkg s.c. 15 min
before simultaneous injection of morphine and homophtalazines. Mean"

Ž ..S.E.M., ns10; a the effect of nerisopam or girisopam is significant
Ž . Ž .P -0.01 Fs30.4 , b the effect of naloxone is significant P -0.001

Ž . ŽFs27.8 compared to the respective morphine treated group Kruskal–
.Wallis test following ANOVA .

Fig. 5. Analgesic action of morphine in rat tail flick test and its
Ž . Ž . Žantagonism by naloxone in rats treated with A saline, B girisopam 10

. Ž . Ž .mgrkg i.p. , C nerisopam 10 mgrkg i.p. 15 min prior to s.c. injection
of morphine. Saline or naloxone pretreatments were given 30 min before
morphine administration. Measurements were taken 30 min after the
injection of morphine. Mean values"S.E.M, at each points 10 animals
were used.

3.3.2. Catalepsy
Ž .The catalepsy scores after morphine injection Fig. 4

Žwere significantly increased by girisopam Fs27.6, P-
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Table 4
Effects of naloxone, girisopam or nerisopam on analgesic ED values of morphine50

Ž .ED mgrkg50

Treatment Control Naloxone 1 mgrkg Naloxone 3 mgrkg

Ž .Morphineqsaline 0.87 0.072–1.491 )10 )10
Ž . Ž .Morphineqgirisopam 10 mgrkg 0.097 0.038–0.210 0.33 0.084–277.2 )10
Ž . Ž . Ž .Morphineqnerisopam 10 mgrkg 0.053 0.043–0.276 0.095 0.029–0.244 2.811 0.949–29.3

For other conditions see the legend to Fig. 5. Calculations were done by least-squares linear regression analysis. 95% confidence limits are given in
parentheses.

. Ž .0.001 and nerisopam Fs45.2, P-0.001 . The catalepsy
scores for nerisopam and girisopam alone were 0.7"0.15
and 0.1"0.10, respectively. Naloxone in a dose of 10
mgrkg s.c. almost totally inhibited the catalepsy evoked

Ž .by morphine in controls Fs14.6, P-0.001 . This an-
tagonism was much weaker in girisopam- and nerisopam-
treated animals.

3.3.3. Analgesia
Girisopam or nerisopam alone did not induce analgesia

Žin the rat tail flick test up to a dose of 80 and 40 mgrkg,
.respectively . Higher doses were not examined because of

induction of motor incoordination.
The analgesic potency of morphine was increased about

10–15 times by 10 mgrkg of girisopam or nerisopam
Ž .Table 4 . These parallel shifts of the morphine dose–re-

Ž .sponse curve to the left were highly significant P-0.001
according to the regression analysis. The potency of nalox-
one to antagonize the analgesic action of morphine was
also examined after pretreatment with girisopam or ner-
isopam. In saline treated rats the analgesic dose–response
curve of morphine was shifted to the right by increasing
doses of naloxone. A decreased shift was observed in
girisopam- or nerisopam-treated rats at the dose of 1
mgrkg of naloxone. However, at the dose of 3 mgrkg of
naloxone the inhibitory potency of the antagonist was

Ž .apparently not changed or even increased Fig. 5, Table 4 .

Ž . Ž .Fig. 6. Effect of naloxone nal 0.66 mgrkg s.c., girisopam gir 20
Ž .mgrkg i.p. and nerisopam ner 10 mgrkg i.p. on sucrose consumption

Ž . )by rats. Mean values"S.E.M. ns9–12 . P -0.05 compared to the
saline treated control; ) ) P ;0.05, ) ) ) P -0.025 compared to the

Žsaline- and naloxone-treated group, Fs7.12 ANOVA followed by
.Newman–Keuls test .

3.3.4. Sucrose consumption
The naloxone dose dependently inhibited the sucrose

Ž .consumption in rats data not shown . The dose of 0.66
mgrkg was selected to measure the interaction with ho-
mophtalazines. In saline pretreated rats this dose caused a
40–50% inhibition of sucrose consumption. Nerisopam
and girisopam alone induced only a slight and non-signifi-
cant decrease in sucrose consumption. Both homophtala-
zine derivatives augmented the inhibition caused by nalox-

Ž .one Fig. 6 . The same doses of naloxone, girisopam and
nerisopam caused no significant alteration in the drinking

Ž .of water data not shown .

4. Discussion

The detection of specific binding sites for homophta-
Žlazines in the nigrostriatal system Salamon et al., 1992;

.Horvath et al., 1993, 1994 suggested a specific signal´
transduction process as their target of action. To test this
hypothesis, as a first step interactions with psychotropic
compounds were examined. Indeed, by measuring the in-
teractions of homophtalazines we could reveal characteris-
tic changes induced by these compounds in the action of
the opioid receptor agonist morphine and its antagonist
naloxone.

Girisopam and nerisopam, highly active homophta-
Žlazines in behavioral tests in rodents Andrasi et al., 1987;´

.Horvath et al., 1989, 1992a , enhanced morphine-induced´
catalepsy and analgesia, whereas they inhibited the hyper-
motility caused by this opioid receptor agonist in mice.
The morphine antagonist potency of small doses of nalox-
one was reduced by girisopam and nerisopam in the
catalepsy and analgesia tests.

An increased sensitivity to naloxone could be demon-
strated by measuring the effect of naloxone on sucrose
consumption. The consumption of water and especially of

Žpalatable sucrose solution is sensitive to opioids Cooper et
.al., 1985; Koch et al., 1995 . The changes in this behav-

ioral response may indicate an action of homophtalazines
on opioid signal transduction influencing motivation.

The hypermotility caused by opioid agonists is inhibited
by pharmacological manipulation of central dopaminer-

Žgicrnoradrenergic neurotransmission reserpine, a-methyl-
.tyrosine , or by simultaneous administration of a dopamine
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antagonist. Therefore this effect of opioids is thought to be
Žmediated via indirect dopaminergic mechanisms Engel,

.1977; Zarrindast and Zarghi, 1992 . Homophtalazines in-
hibited the morphine-induced hypermotility.

Girisopam and, more characteristically, nerisopam, show
some similarity to the dopamine antagonist neuroleptics
Ž .Andrasi et al., 1987; Horvath et al., 1989 . They inhibit´ ´
apomorphine-climbing and the amphetamine-induced hy-
permotility. Moreover, nerisopam is active in inhibiting

Žconditioned active avoidance responses in rats Horvath et´
.al., 1989 . However, in assays, which reflect dopamine

Žantagonist character effects on dopamine D receptor2

ligand binding, dopamine sensitive adenylate cyclase and
.serum prolactin level the homophtalazines are inactive

Ž .Andrasi et al., 1987; Horvath et al., 1989 . These data and´ ´
the presently demonstrated lack of interaction with chlor-
promazine seem to exclude the possibility of a direct
action of homophtalazines on dopaminergic receptor sys-
tems.

The mechanism of catalepsy induced by opioids differs
markedly from that of haloperidol-, arecoline- and

Ž .GABA-induced immobility Rondeau et al., 1982 . Mus-
Ž .carinic dominantly M receptor antagonists augment,1

whereas nicotinic receptor antagonists decrease the
Ž .catalepsy induced by methadone Ahtee, 1976 . In addi-

Ž .tion, Ezrin-Waters et al. 1976 found anticholinergic
agents to inhibit the catalepsy induced by haloperidol, but
not that caused by morphine. They raised the possibility of

Ž .striatal and non-striatal amygdala origins of the drug-in-
duced motor disturbance. Similarly, a non-striatal
catalepsy-inducing action of morphine was suggested by

Ž .Costall and Naylor 1974 . These authors also suggested
the role of serotonin in opioid catalepsy. The catalepto-
genic action of opioids, but not the analgesic action, is

Ž .antagonized by cholera toxin Massi et al., 1993 . Interest-
ingly, dermorphine-induced catalepsy can be antagonized

Žby a 1,4-benzodiazepine antagonist Paakkari and Feuer-
.stein, 1988 . The possible role of dopamine D receptor-1

mediated processes in the catalepsy induced by morphine
was suggested by the finding that chronic treatment with a
selective dopamine D receptor antagonist inhibits the1

Žextrapyramidal effects of opioid receptor agonists De
.Montis et al., 1989 . Thus a possible explanation for the

effects of homophtalazines is that they alter dopamine D1

receptor mediated signal transduction downstream of the
dopamine-induced changes in second messengers.

Potentiation of opiate effects has been known and de-
scribed for various chemical group of compounds acting
on different receptors of the central nervous system. One
of the most widely analyzed neurotransmitter systems in-
fluencing morphine analgesia, tolerance and other opiate
effects is the GABA system. GABAergic agents per se
Ž .e.g., agonists, GABA-transaminase inhibitors, etc. induce
analgesia in various animal models of antinociception,
although relatively high doses are needed to achieve this

Žeffect Kendall et al., 1982; Cheng and Brunner, 1985;

Sawynok, 1987; Aley and Kulkarni, 1991; Johnston, 1992;
.Holmes and Fujimoto, 1994 . However, the analgesia

evoked by GABAergic drugs differs from that induced by
opioids because it is naloxone-insensitive and it can be

Želicited even in morphine-tolerant animals Sivam and Ho,
.1983 . Co-administration of GABA receptor agonists or

compounds enhancing endogenous GABA neurotransmis-
Ž .sion e.g., GABA transaminase inhibitors and opioid re-

ceptor agonists increases the level of opiate analgesia
Ž .Sivam and Ho, 1985 .

Similarly, benzodiazepines, acting on the benzodi-
azepine-GABA-chloride ion channel receptor complex, can
also modulate opiate effects in the same fashion as

Ž .GABAergic drugs do. Rattan and Sribanditmonghol 1994
found that the benzodiazepine receptor agonist, midazo-
lam, enhanced morphine-induced lethality, catalepsy and

Ž .analgesia. Bianchi et al. 1993 reported that peripheral
administration of alprazolam, chlordiazepoxide and mida-
zolam enhanced morphine-induced analgesia in rats, using
the tail flick method. This effect could be reversed by
administration of the benzodiazepine receptor antagonist
Ro 15-3505 or the inverse agonist FG 7142 indicating that
the modulation of the nociceptive responses involved 1,4-
benzodiazepine receptors. The interaction between
GABAergic and opioid peptide systems was also demon-

Ž .strated by Rocha et al. 1993 , who found that morphine,
met-enkephalin or naloxone influence benzodiazepine re-
ceptor binding.

These data indicate that compounds with apparent anxi-
olytic activity can enhance certain behavioral effects of
opioids. In this respect, it is not surprising that 2,3-benzo-
diazepines, which are active in different animal models of
anxiolysis, potentiated morphine-induced catalepsy and
antinociception. In earlier studies no interaction with cen-
tral 1,4-benzodiazepine binding was found, whereas at

Ž .relatively high 40–100 mM concentrations girisopam
w3 xdecreases the affinity of H 1,4-benzodiazepine receptor

Žligands for peripheral benzodiazepine receptors Kenessey
.et al., 1987 and slightly increases only low-affinity GABA

Ž .binding Paldi-Haris et al., 1985 , although a structural´
analog, the parent compound tofisopam, is claimed to
modulate 1,4-benzodiazepine receptor affinity in rat brain
Ž .Saano and Urtti, 1982 . 1,4-Benzodiazepines do not dis-

Žplace ligands from homophtalazine binding sites Salamon
.et al., 1992 . Accordingly, girisopam and nerisopam

Žshowed no anticonvulsant activity Andrasi et al., 1987;´
.Horvath et al., 1989, 1992b and nor did they modify the´

anticonvulsant and antiaggressive activity of a 1,4-benzo-
diazepine, chlordiazepoxide. The rather negligible action
of homophtalazines on 1,4-benzodiazepine receptor medi-
ated effects can not explain the relatively strong synerges-
tic effect of girisopam and nerisopam with morphine in the
present experiments measuring analgesia and catalepsy.

The results of receptor binding studies in progress show
that in vitro treatment of striatal membranes with homoph-
talazines results in an increase in the number of naloxone
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binding sites. Further studies are needed to clarify the
biochemical mechanism of this altered binding capacity.
We suggest that girisopam and nerisopam modulate opioid
signal transduction in certain areas of the brain. This
structurally localized action in the striatum and nucleus

Ž .accumbens Salamon et al., 1992 may explain changes in
emotional status, and consequently an altered motivation,
which may explain the effects of homophtalazines in be-
havioral tests for anxiolytic activity.
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