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Delta opioid receptor ligands modulate anxiety-like behaviors

in the rat

*IShane A. Perrine, *Brian A. Hoshaw & ! *Ellen M. Unterwald

"Department of Pharmacology and Center for Substance Abuse Research, Temple University School of Medicine,
Philadelphia, PA 19140, U.S.A.; >Department of Psychiatry, University of Pennsylvania, Philadelphia, PA, U.S.A.
and *The Rockefeller University, New York, NY, U.S.A.

1 The role of the delta opioid receptor in regulating anxiety-like behavior in male Sprague—Dawley
rats was examined.

2 Using an elevated plus maze, the effects of the selective delta opioid receptor antagonist naltrindole
(1 or 5Smgkg™") and agonist SNC80 (1, 5 or 20mgkg™') on anxiety-like behavior were measured.
Anxiety was also measured following administration of diazepam (3mgkg™') and amphetamine
(Imgkg™") and compared to the effects of SNC80. Locomotor activity following administration
of naltrindole, SNC80, diazepam, and amphetamine was measured. Finally, the defensive burying
paradigm was used to confirm the findings from the elevated plus maze.

3 Results demonstrated that SNC80 produced dose-dependent anxiolytic effects similar to that of
the classical antianxiety agent, diazepam. Administration of naltrindole caused anxiogenic behavior
in rats further supporting the involvement of the delta opioid receptor system in regulating anxiety.
Naltrindole also blocked the anxiolytic effects of SNC80. Amphetamine had no effect on anxiety-like
behavior. SNC80 induced hyperactivity similar to amphetamine at the doses tested, while naltrindole
and diazepam did not significantly affect locomotor activity.

4 Although SNC80 can increase locomotor activity, control experiments reported herein indicate
that hyperlocomotion is not sufficient to produce an anxiolytic response on the elevated plus maze.
Together with the results from the defensive burying paradigm, this suggests that the effects of SNC80
on reducing anxiety are independent of its effects on locomotion. Collectively these data show that the
delta opioid receptor system can regulate anxiety-like behavior in an anxiolytic (agonist) and

anxiogenic (antagonist) manner.
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Introduction

Several lines of investigation support the involvement of the
opioid receptor system in the regulation of anxiety. The most
compelling evidence for the involvement of the delta opioid
receptor system in anxiety comes from a study on delta
opioid receptor knockout mice. Specifically, delta opioid
receptor deficient mice exhibit an anxiogenic-like phenotype
measured in a light dark box and an elevated plus maze (Filliol
et al., 2000).

To explore the hypothesis that delta opioid receptors are
involved in tonic and/or active control of anxiety-like behavior
in the rat, the present study utilized the selective delta opioid
receptor agonist SNC80 and antagonist naltrindole. SNC80
{(+)-4-[(2R)-a-((2S,5R)-4-allyl-2,5-dimethyl-1-piperazinyl)-3-
methoxybenzyl]-N,N-diethylbenzamide} is a nonpeptide delta
opioid receptor agonist that is active after systemic adminis-
tration. It is a methyl ether analog of a group of compounds
known as diarylmethylpiperazines (Calderon et al., 1994;
Bilsky et al., 1995; reviewed by Calderon & Coop, 2004).
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The calculated K; ratios for SNC80 at mu/delta and kappa/
delta sites are 495- and 248-fold, respectively, exemplifying the
high selectivity for delta opioid receptors (Bilsky et al., 1995).
SNCS80 binds to cloned delta opioid receptors to initiate
GTPyS binding (Plobeck ez al., 2000) and inhibit adenylyl
cyclase activity (Knapp et al., 1996). Furthermore, several
studies have characterized the antinociceptive, antidepressant,
stimulant and convulsant activities of SNC80 (Bilsky et al.,
1995; Broom et al., 2002a,b). Naltrindole {17-cyclopropyl-
methyl-6,7-dehydro-4,5x-epoxy-3,14-dihydroxy-6,7,2',3'-indo-
lomophinan} is a highly selective, nonpeptide delta opioid
receptor antagonist that crosses the blood-brain barrier.
Portoghese et al. (1988) first reported it as a potent antagonist,
and it has been used extensively both in vitro and in vivo due to
its high selectivity for the delta opioid receptor.

Previous studies indicate that SNC80 has effects on
depression-like behavior. Unlike typical antidepressants, delta
opioid receptor agonists are effective following a single dose in
the forced swim test (Broom et al., 2002b). Furthermore, it has
been shown that the hyperactivity and convulsant properties of
SNC80 are not required for its antidepressant-like effects
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(Broom et al., 2002a, b), and the antidepressant-like behaviors
are independent of SNCS80’s disruptive effects on learning
(Jutkiewicz et al., 2003). The majority of behavioral research
that has been done on SNCB80 and other nonpeptide delta
opioid receptor agonists has focused on antinociception
(Bilsky et al., 1995; Pacheco et al., 2005), antidepressant-like
effects and convulsant properties (reviewed in Broom et al.,
2002c¢). A focused study examining the effects of delta opioid
receptor agonists on anxiety-like behavior has not been done
heretofore.

Here, the role of delta opioid receptors in anxiety using two
behavioral models, the elevated plus maze and the defensive
burying paradigm, was examined. Both models have been well
characterized and have common appeal due to their ability
to detect novel and proven therapeutic agents that reduce
anxiety, thus making them pharmacologically robust models
with high-predictive validity (Dawson & Tricklebank, 1995;
De Boer & Koolhaas, 2003). The elevated plus maze was
chosen as the main rodent model because it is a noninvasive
test that does not involve a painful stimulus since it measures
the tendency for a rat to avoid the open arms (Pellow et al.,
1985; Handley & McBlane, 1993; Dawson & Tricklebank,
1995). The defensive burying paradigm measures the instinc-
tual behavior of a rat to bury something that poses a threat or
danger (De Boer & Koolhaas, 2003).

The goals of the present study were to evaluate the potential
anxiolytic effects of the delta opioid receptor agonist SNC80 and
to elucidate the role of the endogenous delta opioid receptor
system in modulating anxiety. The elevated plus maze was used
to thoroughly explore this aim and the defensive burying
paradigm was used to confirm results. Finally, the potential
confounding effect of hyperactivity on the anxiolytic effects of
SNC80 as measured by the elevated plus maze was examined.

Methods
Animals

Male Sprague-Dawley rats were purchased from Charles
River Laboratories (Wilmington, MA, U.S.A.) and housed on
a 12h light-dark cycle (07:00-19:00) with food and water
available ad libitum. The weight range of animals upon arrival
was 150-200g and the weight range upon testing was 275~
375g. Animals were allowed to acclimate for a minimum of
two weeks prior to experimentation. During this time, animals
were weighed and handled daily to reduce stress due to human
contact. All behavioral tests were performed between 10:00
and 14:00. Measures were taken to minimize potential pain
and discomfort to experimental animals, and all procedures
were conducted in accordance with the National Institutes
of Health Guidelines for the Care and Use of Laboratory
Animals and approved by Temple University School of
Medicine’s or the University of Pennsylvania’s Institutional
Animal Care and Use Committee.

Elevated plus maze

The elevated plus maze (Coulbourn Instruments, Allentown,
PA, US.A.)) was used to measure anxiety-like behavior.
The plus maze is made up of four equal-sized runways
(45cm long x 10cm wide) laid-out in the shape of a plus sign

and elevated off the ground by 52cm (Handley & McBlane,
1993). Two of the arms are enclosed by a solid wall 30 cm high
on the long sides of the arms (closed arms), whereas the other
two arms have no sides and are thus open (open arms). A ledge
(0.5cm high) is present around the perimeter of the open arms
of the maze. The presence of open arm ledges has been
shown to increase the pharmacological reliability of the test
(Fernandes & File, 1996). Testing room lighting was
adjusted from normal level (~4501ux) to a dimmer setting
of 150-210 lux, where open arm light levels were ~200 lux and
closed arm light levels were ~ 160 lux. On the test day, drugs
or vehicle controls were administered 60 min prior to testing.
For behavioral measurement, each rat was placed on an
open arm of the maze facing the center and their behavior was
recorded on videocassette in real time for 10min. The
experimenter was not blind to the study. However, scoring
was confirmed by a rater blind to drug treatment in selected
cases. In these cases, the scores of the two raters were averaged
for each measure. Following the test, the animal was returned
to its home cage and the maze was cleaned with water and
dried. Anxiety-like behavior was determined by calculating the
amount of time and number of entries each rat made in
the open arms and closed arms and reported as a percentage of
the total time or number of entries. An arm entry was counted
when the superior portion of the rat including the head and
neck (cranial to the transverse plane or ventral midline), the
shoulders (pectoral region), the forelimbs and forepaws,
and the thoracic region (anterior to the rib cage) moved into
an open or closed arm. This measure sufficiently improves the
reliability of the test by including open arm risk assessment
behaviors, namely stretch attend postures (i.e. the rat stretches
forward without moving its hindlimbs and hindpaws) and
head dippings (i.e. leaning over the edges of the open arms)
(Dawson & Tricklebank, 1995). Group sizes were n = 7-10.

Defensive burying paradigm

The defensive burying paradigm was used to measure
anxiolytic activity of SNC80. Rats were tested in a standard
rat housing cage with 5cm of fresh bedding. The test cage
contained a small hole at the end of the cage approximately
7cm from the bottom. A glass probe (~1cm diameter and
9cm length) was inserted through the hole in the cage, and
metal wires with a positive or negative charge were wrapped
tightly around the probe in such a way that touching the two
wires simultaneously closed the circuit and delivered a shock
of 2 A. At 1 day before testing, each rat was acclimated to the
test cage for 15 min without the probe. On the test day, saline
(Imlkg™") or SNC80 (5mgkg~!) was administered 60min
prior to testing. The rats were placed in the test cage with the
electrified probe for 15min, and the session was videotaped.
The video tapes were scored for five measures: latency to bury
from first shock, latency to bury from last shock, duration of
bury, total number of shocks received and intensity of shock
response. The shock response ratings ranged from 1 to 4, with
1 indicating only a small flinch and 4 corresponding to a whole
body flinch with the animal immediately moving to the other
side of the cage (Treit et al., 1981; Presold & Treit, 1992). The
videos were scored by two separate experimenters, where one
was blind to the treatment. The scores of the two raters were
averaged for each measure. Group sizes were n=9 for the
saline group and n =10 for the SNC80 group.
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Locomotor activity

Locomotor activity was monitored for 30 min prior to and
120 min after drug administration in separate groups of rats.
Behavioral activity was measured by a computerized monitor-
ing system (Digiscan DMicro, Accuscan Inst, Columbus, OH,
U.S.A.), which consists of a metal frame containing 16 parallel
infrared photobeams and receivers into which a standard
plastic rat cage is placed. Photobeam breaks were recorded
and stored on a computer linked to the activity monitors.
Ambulatory activity was measured by the number of times the
animal broke consecutive light beams. Rats were tested under
normal lighting conditions. Eight animals (random sampling)
were monitored simultaneously. Each testing period contained
saline-injected control rats, thus resulting in a larger sample
size for the saline group. Group sizes were n =20 for the saline
group and n =38 for all other groups.

Drugs

All drugs were injected peripherally at a volume of 1 mlkg™!
rat body weight. Diazepam and diazepam vehicle were injected
intraperitoneally, whereas saline, amphetamine, naltrindole,
naltrindole vehicle, SNC80, and SNC80 vehicle were adminis-
tered subcutaneously. Amphetamine was generously supplied
by National Institute on Drug Abuse (NIDA) and dissolved in
normal saline (0.9% NaCl) at a concentration of 1 mgml~".
SNC80 was supplied by NIDA and prepared as a 20 mgml™
stock in normal saline at pH 4.5-5. A stock of 20mgml™!
SNC80 was diluted with normal saline to get 1 and
5mgml~' SNC80 doses. Naltrindole was supplied by NIDA
and prepared as a Smgml~' stock in 20% Tween-20 and 80%
normal saline. The stock of 5mgml~' naltrindole was
diluted with normal saline for the 1 mgml™"' naltrindole dose.
Diazepam (3mgml™') was purchased from Sigma (St Louis,
MO, U.S.A.) and dissolved in 50% water, 40% EtOH and
10% propylene glycol.

Data analysis

Scores from the elevated plus maze and activity/10 min period
were analyzed using a one-way analysis of variance (ANOVA)
followed by Bonferroni’s multiple comparison post hoc
analysis. Two-tailed unpaired z-tests were used to analyze the
data from the defensive burying paradigm. One-way repeated-
measures ANOVA followed by Bonferroni’s multiple compar-
ison post hoc analysis was used to analyze activity time course
data. Statistical significance was considered when P<0.05. An
inter-rater correlation was calculated for data where the scores
of two raters were averaged. All data are expressed as the
mean +standard error of the mean (s.e.m.) and represent
a sample size (n) of 7-20 for each experimental group. Each
animal was tested only once.

Results

Delta opioid receptor ligands affect anxiety-like behavior
in the rat as measured by the elevated plus maze

The anxiety-like behavior of rats administered delta opioid
receptor ligands was measured using the elevated plus maze

(Figure 1). Open arm entries and time spent in open arms were
recorded and expressed as a percent of total entries and total
time spent on the elevated plus maze (respectively).

Naltrindole, 1 or 5Smgkg~" s.c., produced a dose-dependent
anxiogenic-like effect on behavior as measured by a decrease in
open arm entries (ANOVA, F;,;,=4.544, P<0.01; Figure 1a)
or time in open arms (ANOVA, F;,;=4.540, P<0.01;
Figure 1b). Bonferroni’s post hoc analysis of open arm entry
data showed that naltrindole 5mgkg™ was significantly
different from saline (P<0.01; Figure la). The post hoc
analysis of time in open arms data revealed a significant
difference between naltrindole 5mgkg™" and saline (P<0.01)
(Figure 1b). Post hoc analysis indicated that there were no
significant differences between saline and naltrindole vehicle in
either measure (P>0.05).

SNCS80, 1, 5 or 20mgkg™" s.c., produced an anxiolytic-like
effect on rat behavior as measured by an increase in open arm
entries (ANOVA, F, 4 =5.729, P<0.001; Figure Ic) and an
increase in time spent in open arms (ANOVA, F, 4 =2.745,
P<0.05; Figure 1d). No significant difference was observed
between saline and SNC80 vehicle in either measure (P> 0.05).
Bonferroni’s multiple comparison post hoc analysis between
vehicle and SNC80 revealed a significant difference in SNC80
5mgkg™' versus SNC80 wvehicle (P<0.05) and SNCS80
20mgkg! versus SNC80 vehicle (P<0.001) in open arm
entries as a percent of total entries (Figure 1c). Post hoc
analysis of time spent in open arms as a percent of total time
data showed a significant difference between SNC80 5mgkg™!
and SNCS80 vehicle (P<0.05). SNC80 20mgkg~' caused an
anxiolytic-like trend, albeit not significant, in time on open
arms as compared to SNCS80 vehicle (Figure 1d).

The specificity of the anxiolytic effects of SNC80 for delta
opioid receptors was tested by the ability of naltrindole to
block the effects of SNC80. Results demonstrate a significant
difference as measured by time spent in open arms (ANOVA,
F;3=3.133, P<0.05; Figure 1f). Bonferroni’s multiple
comparison analysis showed no significant difference between
saline and naltrindole + SNC80 groups (P>0.05) in either
measure, while naltrindole 5mgkg~' +SNC80 5mgkg ' was
significantly different from SNC80 5mgkg™' in time in open
arms (P<0.05; Figure 1f). These data demonstrate that
naltrindole can block the effects of SNCS80. Inter-rater
correlation coefficients were calculated for all data that were
scored by two raters and found to be high (0.95-0.98).

SNC80 produces anxiolytic-like effects in a second model
of anxiety, the defensive burying paradigm

The anxiety-like behavior of rats treated with SNCS80
(5mgkg™") was also measured using the defensive burying
paradigm. Time spent burying, latency to bury from first
shock and latency to bury from last shock were recorded and
expressed as time in seconds (Figure 2). SNC80 5mgkg™
significantly decreased time spent burying compared to saline
control (¢;7=13.32, P<0.01; Figure 2a). In accordance, the
latency to bury from first shock and from last shock were
significantly increased for the SNC80-injected rats (¢,;,=2.14,
P<0.05; Figure 2b and r;=2.31, P<0.05; Figure 2c,
respectively). No differences in the intensity of shock response
scores (saline 2.13+0.14 versus SNC80 1.83+0.12) or total
number of shocks (saline 3.11 4 1.25 versus SNC80 4.95+1.32)
were observed between the groups. Inter-rater correlation
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Figure 1

Effects of naltrindole (NAL, 1 or 5mgkg'; (a, b), SNC80 (1, 5 or 20mgkg~"; (c, d) and SNC80 (5mgkg™') antagonism

by naltrindole (1 or Smgkg™") (e, f) on the elevated plus maze. Data are expressed as means +s.e.m. of open arm entries (a, c, €) and
time on open arms (b, d, f) expressed as a percentage of the total time or number of entries (n =7-10/group). *P<0.05, **P<0.01,

and ***P<0.001.

coefficients were calculated for all scores and found to be high
(0.95-0.98).

SNC80 increases activity

SNC80 and other delta opioid receptor agonists increase
locomotor activity in a dose- and time-dependent manner
(Broom et al., 2002b; Jutkiewicz et al., 2004). When total
arm entries were analyzed from the elevated plus maze data
described above, SNC80 produced a significant and dose-
dependent increase in total arm entries compared to its vehicle

or saline. Furthermore, the effect was reduced dose-depen-
dently by naltrindole (data not shown). Total number of arm
entries has been suggested to be an index of locomotor activity,
albeit a relatively insensitive measure (Dawson & Tricklebank,
1995). For these reasons, SNC80-induced activity was
measured using a testing apparatus with greater sensitivity.
Figure 3a shows the time course for ambulatory activity
produced by SNC80 (1, 5 and 20mgkg™"), SNC80 vehicle
and saline. Repeated-measures ANOVA revealed that SNC80
produced a significant increase in activity (F,,,=35.62,
P <0.0001) with a sharp rise in locomotor activity that peaked

British Journal of Pharmacology vol 147 (8)
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Figure 2 Effect of SNC80 (Smgkg™') on the defensive burying
paradigm. Time spent burying a shock-probe (a) and latency to
begin burying after first (b) and last (c) shock are shown. Data are
expressed as the mean+s.e.m. (n=9-10/group). *P<0.05 and
**P<0.01.

at 20min postinjection and gradually declined over
time. Bonferroni’s multiple comparison analysis revealed that
1 (P<0.01), 5 (P<0.001) and 20 (P<0.001) mgkg™' SNC80
were statistically different from their control and saline.
Figure 3b highlights the locomotor activity induced by
SNCS80 during the 10 min period between 60—70 min postinjec-
tion, which is the time when rats were tested for anxiety-like
behavior. SNC80 produced a significant and dose-dependent
increase in locomotor activity during this time period (F44;,=
35.84, P<0.001). Post hoc analysis showed that SNC80
5mgkg™ (P<0.001) and 20mgkg™" (P<0.001) were signifi-
cantly different than SNC80 vehicle and saline.

Figure 4 shows the effects of naltrindole alone and
naltrindole + SNC80 on ambulatory activity. Ambulatory
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Figure 3 Effects of SNC80 (1, 5 or 20mgkg™") on ambulatory
activity. Activity over time (a) and during the 10 min period between
60—70 min postinjection (b) are shown. Data are expressed as the
mean +s.e.m. (n =20 for saline group and n =8 for all other groups).
*#kP<0.001.

activity in rats administered 1 or 5mgkg™' naltrindole was
not different from those administered saline or naltrindole
vehicle over the 3h period postinjection (repeated-measures
ANOVA; P>0.05; Figure 4a). There was no difference
between naltrindole and vehicle on activity during the
10 min period corresponding to the time when rats were tested
for anxiety-like behavior (F;,4=2.298, P>0.05; Figure 4b).
As shown in Figure 4c, when naltrindole was administered
15min before SNC80, a blockade of the effects of SNC80
on activity was seen (repeated-measures ANOVA, F;q=
54.11, P<0.0001) with a significant reversal of 5mgkg™!
SNC80 with 1 and 5mgkg ™" naltrindole (P<0.001). Figure 4d
shows similar results for the time period corresponding
to the time when anxiety-like behaviors were measured.
ANOVA revealed that there was a significant overall
effect of drug administration on activity (F;40=13.83,
P<0.0001). Post hoc analysis showed that the effects of
5mgkg™' SNC80 were blocked by pretreatment with
Imgkg™' (P<0.01) and 5mgkg™"' naltrindole (P<0.001).
Naltrindole + SNC80 groups were not significantly different
than saline (P>0.05).
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groups). **¥*P<0.01 and ***P<0.001.

SNC80-induced anxiolytic effects are not dependent on its
stimulant effects

In order to determine if drug-induced increased locomotor
activity is sufficient to produce an anxiolytic-like response on
the elevated plus maze, another compound with locomotor-
stimulating properties was investigated. Figure 5a & b show
the effects of saline, amphetamine 1mgkg~', diazepam
3mgkg', and diazepam vehicle on the elevated plus maze.
ANOVA shows significance in open arm entries (F;3;,="7.117,
P<0.0001; Figure 5a) and time in open arms (F;;3=2.8,
P<0.05; Figure 5b). Bonferroni’s post hoc analysis revealed
that diazepam produced anxiolytic-like effects, as expected
(P<0.05). Amphetamine had no significant affect on anxiety-
like behavior (P> 0.05).

Figure 5c shows the time course of ambulatory activity
following saline (1 mlkg™'), amphetamine (1 mgkg™"), diaze-
pam (3mgkg™'), and diazepam vehicle (1 mlkg™'). The effect
of 20mgkg~' SNCS80 is also shown for comparative purposes.
Repeated-measures ANOVA showed a significant difference
between treatment groups (F,g0=63.52, P<0.0001). Amphe-
tamine increased locomotor activity (Bonferroni’s multiple

comparison P<0.001). Figure 5d shows the activity data
for the time period corresponding to the time tested on
the elevated plus maze or defensive burying paradigm (60—
70min postinjection). There was a significant difference
between groups (ANOVA F,,4;,=39.19, P<0.0001). Amphe-
tamine 1 mgkg™" significantly increased activity over control
(P<0.001). Diazepam 3mgkg~' did not alter locomotor
activity (P>0.05).

Discussion

Pharmacological research suggests the involvement of the delta
opioid receptor system in anxiety. Delta opioid receptor
agonists induce anxiolytic-like effects in rodent models of
anxiety (Saitoh et al., 2004). Furthermore, studies have shown
that the delta opioid receptor antagonist naltrindole abolishes
anxiolytic-like effects induced by tetrahydrocannabinol (THC)
(Berrendero & Maldonado, 2002) and, when administered
alone, induces anxiogenic-like effects in the elevated plus maze
(Marin et al., 2003). It is also known that endogenous opioids
regulate basal anxiety tone by inhibiting the stress responsive

British Journal of Pharmacology vol 147 (8)
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Figure 5 Effects of diazepam (3mgkg') and amphetamine
(Imgkg™") on an elevated plus maze (a, b) and on ambulatory
activity (c, d). Data are expressed as the mean+s.e.m. (n=7-10/
group for a, b; n =20 for saline group and n =8 for all other groups
for ¢, d). *P<0.05, **P<0.01 and ***P<0.001.

hypothalamic—pituitary—adrenal (HPA) axis (Kreek et al.,
2002). While these studies suggest the involvement of the delta
opioid receptor system, they have not thoroughly explored it
and have not investigated the relationship between the anxiety-

like effects and stimulatory effects on activity of delta opioid
receptor agonists in modulating levels of anxiety.

The aim of the present study was to investigate the role of
delta opioid receptors in anxiety-like behaviors. It was
hypothesized that a delta opioid receptor agonist would
produce anxiolytic-like effects. This is, in fact, what was
found. SNCB80 increased the number of open arm visits and
time spent in open arms and these effects were reversed by the
delta opioid receptor antagonist naltrindole. The anxiolytic
effects of SNC80 were similar to the effects of the classical
antianxiety therapeutic, diazepam, which also significantly
increased both measures (Figure 5a). Furthermore, SNC80
(5mgkg") was effective in reducing anxiety-like measures in a
second model of anxiety, the defensive burying paradigm. In
contrast, rats injected with naltrindole spent less time and
entered the open arms less than their matched controls,
indicative of an anxiogenic response. This suggests that basal
anxiety states are controlled by endogenous delta opioid receptor
system tone and can be regulated in both an anxiolytic-like
(agonist) and anxiogenic-like (antagonist) direction.

There are two dependent measures for the elevated plus
maze, open arm entries and time in open arms. A change in
either dependent measure, or both, is commonly reported to be
indicative of a change in anxiety (Dawson & Tricklebank,
1995). Inconsistencies between the two measures for the
elevated plus maze are sometimes observed and have been
attributed to unknown nonspecific effects, locomotor effects,
risk assessment behaviors or other drug-induced behaviors
that might be reflected exclusively in a single measure (Dawson
& Tricklebank, 1995). In the present study, the results for open
arm entries and time in open arms were generally consistent
across the two measures, except for the data from the
20mgkg™"' dose of SNC80. This dose of SNC80 produced
a significant increase in open arm entries, but time in open
arms did not reach statistical significance. The reason for this
difference is unknown. However, our overall results support
the notion that SNC8O0 is an effective anxiolytic agent because
Smgkg~' SNC80 significantly increased both the number of
open arm entries and time in open arms on the elevated plus
maze and showed significant antianxiety effects on all three
measures in the defensive burying paradigm.

Our finding that naltrindole produced anxiogenic-like
effects supports the previous finding that delta opioid receptor
knockout mice show increased levels of anxiety as measured in
a light dark box and elevated plus maze (Filliol ez al., 2000)
and extends the finding into a rat pharmacological model.
Recently, the observation that naltrindole acts as an anxio-
genic agent in rats has been confirmed by another group who
further demonstrated that the effects are mediated by putative
delta, opioid receptors (Saitoh et al., 2005). Both sets of
data suggest that an endogenous opioid tone on anxiety is
present, although the mechanism underlying this has not been
elucidated. There are two distinct possibilities to explain this
phenomenon. One, endogenous release of opioid peptides
may modulate a basal level of anxiety that is suppressed by
naltrindole. Two, the delta opioid receptor may have consti-
tutive receptor activity and naltrindole may be acting as an
inverse agonist to cause increases in anxiety measures.
Research has shown that several G-protein coupled receptors
have agonist-independent (constitutive) activity and the delta
opioid receptor fits this category. Traynor and co-workers
determined that delta opioid receptors are constitutively active
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by measuring the level of [**S]-GTP}S binding in the presence
and absence of pertussis toxin (Neilan et al., 1999). Three delta
opioid receptor antagonists acted as delta opioid receptor
inverse agonists; however, naltrindole was shown to be a
neutral antagonist and blocked the activity caused by the
inverse agonists (Neilan et al., 1999). In addition, naltrindole
and related derivatives had little guanosine 5'-O-(3-thio)tri-
phosphate binding or reporter gene assay activity (Tryoen-
Toth et al., 2005). Therefore, it is unlikely that naltrindole is
acting as an inverse agonist to produce anxiogenic behavior in
rats. Although ligand-independent effects at delta opioid
receptors including receptor-G-protein coupling and receptor
trafficking (Zaki et al., 2001) have been demonstrated in vitro,
no studies to date have shown that this occurs in vivo and it is
improbable that ligand-independent effects could modulate an
endogenous opioid receptor system tone on anxiety. Thus, the
most probable explanation and the one best supported by
current literature is that a basal tone of anxiety is modulated by
endogenous delta opioid peptides. In rats, endogenous opioids
regulate basal anxiety tone by inhibiting the stress responsive
HPA axis (Kreek ez al., 2002). Recently, a study in mice has
provided further evidence that endogenous enkephalins, speci-
fically acting at delta opioid receptors, regulate the homeostasis
of emotion and motivation behaviors (Nieto et al., 2005).

The effects of SNC80 and related delta opioid receptor
agonists on locomotor activity have been studied. In agree-
ment with the present data, it has been reported that SNC80
produces a dose-dependent effect on activity (Broom et al.,
2002b; Jutkiewicz et al., 2004). Thus, a concern for the current
study was that SNC80-induced activity might confound
antianxiety measures. There are two indications reported here
that argue this is not the case. One, the increase in ambulatory
active seen in rats injected with SNC80 is unlikely to confound
the anxiety measures in the defensive burying paradigm
because the dependent measure is a decrease in active behavior
(i.e. decreased burying) and not an increase in behavior. Two,
by indirectly comparing the actions of amphetamine and
diazepam with SNC80 on plus maze performance and
ambulatory activity, it is evident that not all drugs which
cause hyperactivity induce changes in anxiety measures (i.e.
amphetamine) and, vice versa, not all anxiolytics cause
hyperactivity (i.e. diazepam). Diazepam has been reported to
decrease (Patterson et al., 2005) or produce no change in
ambulatory activity (Sipos et al., 1999). The most likely
explanation for the differences is due to the lighting conditions
when testing was carried out. The data presented here were
collected under normal lighting conditions and showed no
change in activity following diazepam (3 mgkg™"'), similar to
the study of Sipos et al. (1999); (0.3-5.6mgkg™"), whereas the
decrease in activity reported by Patterson ez al. (2005); (1, 2 or
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