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Abstract

In the present study, the anticontlict effect of diazepam was significantly abolished by pretreatment with naloxone, S-funaltrexamine
or nor-binaltorphimine but not naitrindole, using a Vogel-tyne conflict paradigm in mice. However, naloxone alone had a sigrificant
proconflict effect, and B-funaltrexamine alone tended to produce a proconflict effect. Spontaneous drinking behavior was not affected by
treatment with diazepam and nor-binaltorphimine. In addition, nor-binaltorphimine had no effect on diazepam-induced metor incoordina-
tion, hypothermia or anticonvulsant action, respectively. Moreover, the stable dynorphin analog E2078 ([ N-methyl-Tyr!, N-a-methyl-
Arg’,p-Leu®|dynorphin A-(1-8) ethylamide) and the highly selective k-opioid receptor agonist U50,488H (trans-3,4-dichloro-N-(2(1-
pyrrolidinyl)cyclohexyl)benzenacetamide methanesulfonate hydrochloride) produced a significant anticonflict effect, which was com-
pletely aniagonized by pretreatment with nor-binaltorphimine. These findings suggested that the «-opioid system may play an important
role in the anxiolytic effect of benzadiazepines and the regulation of anxiety.
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1. Introduction

Recently, several investigators have indicated that neu-
ropeptides in the brain are associated with the regulation of
anxiety in anmimals and humans. For example, selective
cholecystokinin B (CCK ) receptor antagonists have an
anxiolytic effect (Hughes et al., 1990; Singh et al., 1991},
and corticotronin-releasing factor (CRF) produces an anx-
iogenic state (Britton et al., 1985, 1986). Wahlestedt et al.
(1993) also reported that animals treated with antisense
oligodeoxynucieotides of the neuropeptide Y Y, receptor
display behavioral signs of anxiety. Furthermore, these
neuropeptides can modulate the anxiolytic effect of benzo-
diazepines {Britton et al., 1988).

The role of endogenous opioid peptides, one of the
most abundant peptide transmitters in the mammalian brain,
in the aunxiolytic effects of benzodiazepines was first
demonstrated by Billingsley and Kubena (1978), who re-
ported that the anticonflict effect of chlordiazepoxide was
antagonized by naloxone {20-100 mg/kg). Furthermore,
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Duka et al. (1981) found that naloxone (1.0 mg /kg) could
block the anticonflict effect of diazepam without affecting
the shock thresheld. Recenily, Agmo et al. (1995) demon-
strated that naloxone could block the anxiolytic effects of
benzodiazepines and pentobarbital in the rat elevated plus
maze test. In humans, naloxone attenuates the anxiolytic
effect of diazepam (Duka et al., 1982). In contrast, the
anxiogenic effect of the benzodiazepine inverse agonist
DMCM {methyl-6,7-dimethoxy-4-ethyl-B-carboline-3-
carboxylate), but not its convulsant action, is potentiated
by pretreatment with naloxone (Duka and Stephens, 1986).
These data suggest that an endogenous opioid system may
be involved in the control of emotion, anxiety, and anxi-
clytic effect of benzodiazepines.

Several pharmacological, behavioral and biochemical
studies have suggested that there are at least three major
types of opioid receptors; &, 8 and «. In addition, several
endogenous opioid peptides have been found, and it has
been postulated that B-endorphin and enkephalin bind to
u- and S-opioid receptors, whereas dynorphin binds pref-
erentially to «-opioid receptors (Chavkin and Goidstein,
1981; Chavkin et al., 1982; Goldstein and Naidu, 1989;
Lord et al., 1977; Martin et al., 1976; Wiister et al., 1979).
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Recently, these opioid receptors were cloned (Evans et al.,
1992; Chen et al., 1993; Yasuda et al., 1993), and many
investigators have attempted to characterize specific phar-
macological properties of each opioid receptor type. These
findings prompted us to inves.'gate which opioid receptor
types (i, 8 and k) are invelved in regulating the anxi-
olytic effects of benzodiazepines.

To characterize the involvement of the opiocid system in
the anxiolytic effects of benzodiazepines, we investigated
whether the anticonflict effect of diazepam is modulated
by selective u-, 8- and x-opioid receptor antagonists in
mice using the Vogel conflict model (Vogel et al., 1971)
with minor modifications.

2. Materials and methods
2.1. Animals

Male ddY mice (20-23 g) were obtained from Tokyo
Animal Laboratories (Tokyo, Japan). The animals were
housed at a temperature of 22 + 1°C with a 12 h light-dark
cycle (light on 8:30 a.m. to 8:30 p.m.). Food and water
were available ad libitum.

2.2. Vogel-type conflict test

2.2.1. Apparatus

The test chamber consisted of a Plexiglas box (10 X 12
X 18 cm) equipped with a grid floor of stainless steel bars
and a drinking bottle containing water. This chamber was
enclosed in a sound-attenuated and ventilated box. The
drinking spout and the grid floor were connected to a
shock generator and drinkometer (VC-2050L; O’hara,
Tokyo, Japan). An electric shock (a 200 ms pulse every 20
licks or a constant licking time equivalent) could be ap-
plied between the drinking spout and the grid floor. The
applied currents were 0.35 mA (anticonflict test) and 0.23
mA (proconflict test). When spontaneous drinking behav-
ior was measured, the shock was omitted (non-shock ses-
sion).

2.2.2. Procedure

All experiments were carried out between 10:00 a.m.
and 4:00 p.m. Mice were deprived of water for 24 h prior
to a training session. In the training session, mice were
individually placed in the test chamber and allowed to
drink water for 10 min without an electric shock. At the
end of this session, mice were returned to their home cage
and housed for 72 h. Afterwards, they were again deprived
of water for 24 h and a test session was performed. In the
test session, mice were individually placed in the test
chamber, and received an electric shock every 20 licks (or
a constant licking time equivalent) for 10 min. If the first
shock was not delivered within 3 min, mice were excluded
from the experiment. Furthermore, a non-shock session

was performed using the same procedure as in the test
session, for 10 min without an electric shock to examine
the effects of the drugs used on spontaneous drinking
behavior. A test session was performed 30 min after
treatment with diazepam (i.p.). In an antagonism study,
mice were injected i.p. with flumazenil 10 min prior to the
test session. Mice were treated s.c. with naloxone, B-
funaltrexamine, naltrindole and nor-binaltorphimine at 15
min, 24 h, 30 min and 4 h prior to the test session,
respectively. E2078 and U50,488H were injected s.c. 30
min prior to the test session. The doses of each opioid
receptor antagonist used in the present study were based
on previous studies (Suzuki et al., 1993, 1995; Gacel et al.,
1990; Noble et al., 1992, 1995; Comer et al., 1993; Ukai et
al., 1994; Endoh et al., 1992; Funada et al., 1993)

2.3, Shock threshold test

A mouse was placed on the stainless steel plate and an
electric shock was delivered from its tail, around which an
elecirode was wound, to the stainless steel plate. The
shock threshold was determined by the latency until the
mouse showed an avoidance reaction to the electric shock
(jumping, pawtap or pawlick). The electric shock was 0.1
mA, and mice that showed no response within 30 s (cut-off
time) were removed from the stainless steel plate. The
shock threshold test was performed 30 min after diazepam
injection. Mice were also treated s.c. with naloxone (3.0
mg/kg) 15 min prior to the test.

2.4. Rotarod performance test

Each mouse was trained to run in a rotarod (3 cm in
diameter, 8 rpm; Natsume Seisakusho, Tokyo, Japan) until
it could remain there for 60 s without falling. The mice
were then evaluated in a rotarod performance test for 60 s
15 min after diazepam injection. Nor-binaltorphimine was
injected s.c. 4 h prior to the test. The doses of nor-bi-
naltorphimine used in the present study were decided
basing on the previous studies (Endoh et al., 1992; Funada
et al., 1993)

2.5. Measurement of body temperature

Rectai temperature was measured with a thermistor
probe (Shibaura Electronics, Tokyo, Japan) inserted into
the rectum and monitored on a thermometer (3-A2078;
Natsume Seisakusho, Tokyo, Japan). Pre-drug rectal tem-
perature was recorded at room temperature 30 min before
vehicle treatment. Mice were treated with nor-bi-
naltorphimine (1.0-5.0 mg/kg, s.c.) or saline (s.c.)at4 h
prior to diazepam (8.0 mg/kg. ip.) or vehicle (i.p.).
Post-drug rectal temperature was recorded at 60 min after
diazepam or vehicle injection. The doses of nor-bi-
naltorphimine used in the present study were decided
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basing on the previous siudies {Endch et al., 1992; Funada
et al., 1993)

2.6. Electric shock seizure test

Electric shock seizure was induced by passing an elec-
tric current (50 mA, 100 ms, 100 Hz, square waves)
through ear-clip electrodes. Clonic and/or tonic convul-
sion was then observed with an electric shock. Mice were
injected i.p. and s.c. with diazepam and nor-binaltorphi-
mine 30 min and 4 h before the test, respectively. The
doses of nor-binaltorphimine used in the present study
were decided basing on the previous studies (Endoh ei al.,
1992; Funada et al., 1993)

2.7. Drugs

Diazepam (Profarma. Milan, ltaly) and flumazenil
(Yamanouchi Pharmaceutical Co., Tokyo, Japan) were sus-
pended in vehicle consisting of 9% Tween 80 (Kishida
Chemical Co., Osaka, Japan) in saline. Naloxone hydro-
chloride was purchased from Research Biochemical (Way-
tand, MA, USA). B-Funalirexamine hydrochloride, nal-
trindole methanesulfonate, nor-binaltorphimine hydrochlo-
ride and US50,488H (trans-3.4-dichloro-N-(2-(1-pyrro-
lidinyl)cyclohexylbenzenacetamide methanesulfonate hy-
drachloride) were synthesized by us. E2078 ([ N-methyl-
Tyr', N-a-inethyt-A.z”,0-Leu®ldynorphin  A-(1-8) ethyl-
amide) was supplied by Eizai (Tsukuba, Japan). These
agents were dissolved in saline.

2.8. Data analvsis

The mean number of shocks, the number of drinks
(conflict test), latency {shock threshold test) and percent
impairment of rotarod performance (rotarod performance
test) were statistically evaluated with the nonparametric
Wilcoxon test. The incidence of seizure (electric shock
seizure) and changes in rectal temperature were statisti-
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Fig. 1. Anticonflict effect of diazepam and effect of flumazenil on the
anticonilict effect of Jiazepam in mice. Mice were treated i.p. with
diazepam (0.5-1.0 mg/kg) and flumazenil (20 mg/kg) 30 min and 10
min before test session, respectively. Ordinate: number of shocks during
10 min. Each columu represents the mean with S.EM. of 10-16 mice.
"7 P <001 vs. vehicle control. "7 P <001 vs. diazepam (1.0
mg/kg)-treated group.

cally analyzed using Fischer’s exact probability test and a
one-way repeated analysis of variance (ANOV A} followed
by Dunnett’s test, respectively.

3. Results

3.1. Effect of opioid antagonist on the anticonflict effect of
diazepam

Diazepam {0.75 and 1.0 mg /kg) significantly increased
the number of shocks given over 10 min (P < 0.01). This
anticonflict effect of diazepam was compietely antago-
nized by flumazenil (20 mg/kg; P < 0.01) (Fig. 1).

The effect of each opioid receptor antagonist on the
anticonflict effect of diazepam is shown in Fig. 2. Nalox-
one blocked the anticonflict effect of diazepam: this effect
of naloxone was significant at doses of 0.5. 1.0 ( P < 0.05)
and 3.0 mg/kg { P < 0.01) (Fig. 2A). In addition, 3 mg/kg
of naloxone did not affect the shock threshold (data not
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Fig. 2. Effect of each opioid receptor antagonist on the anticonflict effect of diazepam in mice. Mice were injected s.c. with naloxane (0.5-3.0 mg /l_&g) 15
min before test session (A). B-Funaltrexamine ( B-FNA: 10-30 mg/ke. s.c.). nor-binaltorphimine (nor-BNI: 1.0 and 3.0 mg/kg. s.c.) and naltrindole
{NTI: 3.0 mg/kg. s.c.) were injected 24 h, 4 k and 30 min before test session. respectively. Ordinate: number of shocks during 10 min. Each column
represent the mean with S.EM. of 10-22 mice. = P<0.05. *° P <0.01 vs. suline-treated diazepam group.
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Table 1
Effect of each opioid autagonist with diazepam on spontaneous drinking

behavior in mice

Drug Drinking covats /10 min
Vehicle 52.80+ 3.86
Diazepam 0.5 mg /kg 5344+ 310

+ Naloxone 3 mg/kg 51.50+ 5.58

+ B-FNA 30 mg/kg 64.78 + 6.82

-+ Nor-BNI 3 mg/kg 66.13+10.34

Naloxone, B-funaltrexamine ( 8-FNA) and nor-binaltorphimine (nor-BNI)
were injected s.c. 15 min, 24 h and 4 h before test session. respectively.
Each value represents the mean of the drinking counts during 10 min with
S.E.M. of ten mice.

shown). Furthermore, the anticonflict effect of diazepam
was significantly attenuated by pretreatment with -
funaltrexamine (10, 20 and 30 mg/kg; P < 0.05) or nor-
binaltorphimine (3.0 mg/kg; P < 0.01), but not with nal-
trindole (3.0 mg/kg; P> 0.05) (Fig. 2B). Neither nalox-
one, B-funaltrexamine nor nor-binaltorphimine affected
the number of drinks with diazepam (Table 1). However,
3.0 mg/kg of naloxone produced a significant proconflict
effect, and 1.0 mg/kg of naloxone and B-funaltrexamine
alone tended to produce a proconflict effect (Table 2).

3.2. Effect of nor-binaltorphimine on diazepam-induced
motor incoordination

Diazepam produced significant motor incoordination
versus the vehicle control (P < 0.01). This diazepam (4.0
mg/kg)-induced motor incoordination was not inhibited
by pretreatment with nor-binaltcrphimine (1.0, 3.0 or 5.0
mg/kg (Table 3). In addition, nor-binaltorphimine alone
did not affect rotarod performance (data not shown).

3.3. Effect of nor-binaltorphimine on diazepam-induced
hypothermia

Diazepam (8.0 mg/kg) produced significant hypother-
mia (P <0.01) versus the vehicle control. Nor-bi-
naltorphimine (5.0 mg/kg) alone did not affect rectal
temperature versus the control group (data not shown).

Table 3

Table 2
Effect of each opioid receptor antagonist on proconflict response in mice

Drug {mg /ki)

Intensity of shock: 0.23 mA

No. shocks {7 inhibiiion)

Vehicle cortrol 39.845.3 -
Naloxone 1.0 28.7+6.5 (27.8%)
3.0 253438 (36.5%)
B-FNA 20 304466 (23.6%)
30 25.2+50 (36.6%)
NTI 30 354456 (11.19%)
Nor-BNI 30 37.848.1 (4.9%)

Naloxone was injected s.c. 15 min before test session. B-FNA, NTT and
nor-BNI were injected s.c. 24 h, 30 min and 4 h before test session,
respectively. Diazepam was injected i.p. 30 min before test session. Each
value represents the mean of the drinking counts /10 min with S.EM. of
1019 mice and % inhibition for vehicle control. = P < 0.05 vs. vehicle
control.

Furthermore, pretreatment with nor-binaltorphimine (1.0,
3.0 or 5.0 mg/kg) did not suppress diazepam-induced
hypothermia (Table 3).

3.4. Effect of nor-binaltorphimine on the anriconvulsant
effect of diazepam

The incidence of convulsions induced by electric shock
was significantly decreased by diazepam versus the vehicle
control group (P <0.01). This anticonvulsant effect of
diazepam was not affected by pretreatment with nor-bi-
naltorphimine (1.0, 3.0 or 5.0 mg/kg) (Table 3).

3.5. The anticonflict effect of k-opioid receptor agonists

The stable dynorphin analog E2078, at dose of 0.5
(P <0.01) and 1.0 mg/kg (P <0.03), significantly in-
creased the number of shocks during the test session, and
0.5 mg/kg of E2078 did not affect spontaneous drinking
behavior. This anticonflict effect of E2078 was signifi-
cantly antagonized by pretreatment of ner-binaltorphimine
(Fig. 3). Furthermore, the selective x-opioid agonist
U50,488H (1.0 mg/kg) also produced a significant in-
crease in the number of shocks (P < 0.01) without affect-

Effect of nor-BNI on the diazepam-induced motor incoordination, hypothermia and anticonvulsant action in mice

% Rotarod impairment *

AT rectal temperature ©

Electric shock seizure ¢

Control 0+ 0 —0.15+0.13 10/11

Diazepam 824+ 69 —-1.524+024 ° 1/10 °
+Nor-BNI 1.0 77.2+131° —-164+028 * 2/10 ©
+Nor-BNI 3.0 827+ 97 " -1.26 £021 " 0/10 *
+Nor-BN1 5.0 808 +122 -1.72+027 * 0/10 *

Rotrarod performance: mice were treated Lp. with diazepam (4.0 mg/kg) 15 min prior to test. Each value represents the mean with $.EM. of 813
mice. © P < 0.01 vs. control group. Body lemperature: mice were treated i.p. with diazepam (8.0 mg/kg) 60 min prior to test Each value represents the

mean of rectal temperature changes (A T) for the contro! (vehicle + saline-treated group) with S.E.M. of 8-13 mice.
¢ Electricshock seizure: diazepam (1.0 mg/kg) was injected i.p. 30 min prior to test.

injected s.c. 4 h before test.

© P <0.01 vs. control group.
P <0.01 vs. control group. Nor-binaltorphimine (nor-BNI) was
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Fig. 3. Anticonflict effect of E2078 (A) 7nd effect of nor-binaltorphimine
(nor-BNI) on the anticonflict effect of E2078 (B) in mice. Mice were
treated s.c. with E2078 (0.25-1.0 mg/kg) 30 min before test session.
Ordinate: number of shocks during 10 min. Each column represents the
mean with S.E.M. of 10-18 mice. ~ P <0.05, *~ P <0.01 vs. saline
control. ** P < 0.01 vs. saline-treated E2078 (0.5 mg /kg) group.

g
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Number of shocks/}()min

Saline 05 1.0 2.8 ] 3.0 5.0

Saline 28 58
U50,488H (mg/kg) ¢ T NorBNI
US50,488H 1.0 mg/kg

Fig. 4. Amnticonflict effect of U50488H {(A) and effect of nor-bi-
naltorphimine (nor-BN1) on the anticorflict effect of U50.488H (B) in
mice. Mice were treated s.c. with U30.488H (0.5-2.0 mg/kg) 30 min
before test session. Ordinate: number of shocks during 10 min. Each
column represents the mean with S.EM. of 11-23 mice. ~~ P <0.0] vs.
saline control. * P < 0.05. ** P < 0.0 vs. saline-treated U50,488H (1.0
mg /kg) group.

ing spontane :3s drinking behavior. This effect of
U50,488H was significantly antagonized by nor-bi-
naltorphimine (Fig. 4). However, three of ten animals
treated with 2.0 mg/kg U50,488H did not drink water
even without electric shock. The shock threshold to elec-
tric shock was not affected by treatment with E2078 or

Table 4
Effects of E2078 and US0.488H on the spomaneous drinking behavior
and the shock threshold in mice

Drinking count Latency (s)
Saline 528+39 6.254+1.46
E2078 442+44 5.56+90.99
U50,488H 63.8+79 6.84+091

Mice were treated s.c. with saline. E2078 (0.5 mg/kg) and U50.488H
(1.0 mg /kg) 30 min prior to test session. Each value represents the mean
of drinking counis and avoidance latency to electric shock with S.E.M. of
7—-11 mice.

U50,438H at doses of 0.5 and 1.0 mg/kg, respectively
(Table 4).

4. Discussion

The present study demonstrated that diazepam produces
a significant anticonflict effect which is completely antago-
nized by benzodiazepine binding site antagonist flumazenil
(Hunkeler et al., 1981). This suggests that the anticonflict
effect of diazepam may be mediated via benzodiazepine
binding sites. We first confirmed that the endogencus
opioid system was involved in the anxiolytic effect of
diazepam based on the result that the nonselective opioid
receptor antagonist naloxone biocked the anticonflict effect
of diazepam without aoffecting either the nociceptive
threshold to shock or spontaneous drinking behavior. These
findings are consistent with the result of other previous
studies (Agmo et al., 1995; Duka et al., 1981; Soubrie et
al.. 1980). Furthermore. we demonstrated that the anticon-
flict effect of diazepam was significantly abolished by
pretreatment with the selective w-opioid receptor antago-
nist B-funaltrexamine or the selective «-opioid receptor
antagonist nor-binaltorphimine. but not with the d-opioid
receptor antagonist naltrindcle. In addition, pretreatment
with these antagonists did not infiuence spontaneous drink-
ing behavior. These results suggest that the anticonflict
effect of diazepam may be pariially mediated by stimula-
tion of u- and/or «-opioid receptors by endogenous opi-
oid peptides. However, since naloxone and S-funaltrexa-
mine alone both produced a significant and a tendency
towards a proconflict effect, respeciively. the suppression
of dazepam’s anticonflict effect by naloxone and f-
funalirexamine might be due to functional antagonism
between ‘anti’- and ‘pro’-conflict effects. In contrast, 3.0
mg /kg of nor-binaitorphimine. which abolished the anti-
conflict effect of diazepam, did not produce a proconflict
response. Therefore, although the role of u-opioid recep-
tors in the anticonflict effect of diazepam cannot be ex-
cluded, the aniiconflict effect of diazepam may be medi-
ated via the activation of x-opioid receptors rather than
p-opioid receptors by endogenous opioids.

It is well known that benzodiazepines have sedative.
anticonvulsant, anxiolytic and hypothermic effect. x-Opioid
receptor agonists also have sedative, anticonvulsant and
hypothermic effect (Phillai and Ross, 1986; Tortella et al.,
1985; Von Voigtlander et al., 1987). Thus it was interest-
ing to determine whether diazepam-induced motor incoor-
dinations, hypothermia and anticonvulsion are also sup-
pressed by pretreatment with nor-binaliorphimine. The pre-
sent data showed that nor-binaltorphimine did not suppress
these three pharmacological effects of diazepam. These
results are consistent with previous reports that naloxone
has no effect on DMCM-induced convulsion and di-
azepam-induced motor incoordination (Agmo et al.. 1995:
Duka and Stephens. 1986), while U50.488H does noi
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suppress the bicuculline- and pentylenetetrazole-induced
seizure (Von Voigtlander et al., 1987). Considering these
findings, the endogenous «-opioid system (dynorphin-
ergic) may specially regulate the neural pathway involved
in the anxiolytic effect of diazepam.

Many investigators have demonstrated that a marked
anxiolytic effect is produced by microinjection of benzodi-
azepines into the amygdala and mammillary body (Kataoka
et al., 1987; Nagy et al., 1979; Scheel-Kriiger and Pe-
tersen, 1982; Shibata et al., 1982, 1986, 1989). Yamashita
et al. (1989) reported that electrical lesion of the amygdala
and mammillary body produces an anticonflict effect. In-
terestingly, «-opioid receptors are densely distributed in
the these areas as compared to u- and é-opioid receptor
(Mansour et al., 1987, 1988, 1994). Therefore, an endoge-
nous dynorphin system in these brain areas may play an
important role in the anxiolytic effect of diazepam.

To further characterize the involvement of opioid sys-
tems in the regulation of anxiety, the anticonflict effect of
two exogenous k-opioid receptor agonists was examined.
The stable dynorphin analog E2078 produced an anticon-
flict effect which was antagonized by pretreatment with
nor-binaltorphimine. These results support our findings
that an endogenous k-opioid system may be associated
with the anticonflict effect of diazepam. Furthermore, the
highly selective x-opioid receptor agonist U50,488H also
induced a significant anticonflict effect which was com-
pletely blocked by nor-binaltorphimine. Moreover, each
dose of these «-opioid receptor agonists that produced a
significant anticonflict effect did not affect either sponta-
neous drinking behavior or the sersitivity to electric shock.
Therefore, the anticonflict effect of x-opioid receptor ago-
nists may result not from nonspecific effects, such as
increasing water intake or the shock threshold, but rather
to inhibition of the conflict (anxiety) situation. The presert
experimenial findings suggested that «-opioid receptor
agonists have an anxiolytic effect, which is low to moder-
ate compared with that of diazepam.

The highest dose of the x-opioid agonist U50,488H (2.0
mg/kg) did not produce a significant anticonflict effect.
This may be due to the sedative effect of U50488H. In
fact, 2.0 mg/kg of U50,488H decreased the number of
drinks. In addition, 2.0 mg/kg of US0,488H produced a
significant place aversion in mice (Funada et al., 1993).
Therefore, reduction of the anticonflict effect at the highest
dose of U50,488H may result from the sedative and/or
strong dysphoric effects of U50,488H.

Recently, Privette and Terrian (1995) showed that low
doses of the «-opioid receptor agonists U50,488H and
U69,593 produce anxiolytic effects in the rat elevated
plus-maze test. This report supports our findings using a
Vogel-type conflict test in mice. In addition, we demon-
strated that the anticonflict effect of «-opioid recepior
agonists was completely antagonized by pretreatment with
nor-binaltorphimine. Therefore, the anxiolytic effects of
E2078 and 1J50,488H may be mediated by K-opioid recep-
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tors. It have been demonstrated that -(especially «,)
opioid receptors are densely distribuied in the amygdala
and mammillary body, which are important sites tor the
anxiolytic effects of benzodiazepines. Moreover, x-opioid
receptor agonists inhibit voltage-dependent Ca** current
through N-type Ca’* channels (Adamson et al., 1989;
Xiang et al., 1990) and inhibit neurotransmitter release
(Cui et al., 1994; Mulder et al., 1989; Werling et al.,
1989). Taken together, these findings suggest that the
anticonflict effects of «-opioid receptor agonists may be
due to the inhibition of neurotransmitter release, which is
potentiated by anxiogenic situations, by blocking Ca®*
influx through the closure of N-type Ca’* channels in
these brain areas. Alihough the mechanism of the anticon-
flict effect of k-opioid receptor agonist is still unclear,
clarification of this point by further studies may help us to
elucidate the mechanism of the anxiolytic effect of benzo-
diazepincs and /or anxiety.

In summary, the anticonflict effect of diazepam was
abolished by pretreatment with naloxone, B-funaltrexa-
mine or nor-binaltorphimine, but not with naltrindole.
However, naloxone and p-funaltrexamine alone both
tended to produce a proconflict effect. In addition, nor-bi-
naltorphimine had no effect on diazepam-induced motor
incoordination, hypothermia and anticonvulsion. These re-
sults suggest that the endogenous «-opioid system may be
involved in the anxiolytic effect of diazepam. Furthermore,
we demonstrated that the stable dynorphin analog E2078
and the selective k-opioid receptor agonist U50,488H pos-
sess anxiolytic effect may play an important role in regu-
lating anxiolytic effect benzodiazepines and anxiety itself.
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