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Withdrawal from acute morphine dependence is accompanied by
increased anxiety-like behavior in the elevated plus maze

Zhongqi Zhang and Gery Schulteis™
Department of Anesthesiology, UC San Diego School of Medicine and VA San Diego Healthcare
System, 3350 La Jolla Village Drive, MC125a, San Diego, CA 92161

Abstract

Pretreatment with a single moderate dose of morphine (e.g. 5.6-10 mg/kg) 4-24 hr prior to challenge
with an opioid antagonist such as naloxone results in reliable expression of behaviors that resemble
aversive or emotional consequences of withdrawal from chronic opioid exposure, including
suppression of operant responding, elevations in brain reward thresholds, and conditioned place
aversion. Repeated daily or weekly treatment with these same morphine doses results in a progressive
increase in naloxone potency to elicit these withdrawal signs. The current study sought to determine
whether increased anxiety-like behavior during withdrawal from chronic opioid dependence is also
seen after acute morphine exposure, and progresses with repeated intermittent treatment. Male Wistar
rats were handled and injected with either vehicle or morphine for 4 consecutive days. Three injection
regimens were employed: Morphine Naive (4 vehicle injections), Acute Morphine (3 vehicle
injections, 4th injection 5.6 or 10 mg/kg morphine), or Repeat Morphine (all 4 injections with 5.6 or
10 mg/kg morphine). Acute pretreatment with 5.6 mg/kg or 10 mg/kg morphine resulted in time-
dependent increases in exploration of the open arms of the plus maze in naloxone-naive rats when
rats were tested at 2, 4 or 8 hr after the final pretreatment injection, with the effects at the higher dose
appearing later (4 hr) than after the lower dose (2 hr). This pattern of results, in combination with a
separate study which confirmed a significant anxiolytic-like effect of a low dose of morphine (0.56
mg/kg) administered 15 min prior to test, suggested that low residual morphine levels in the plasma
remaining at 2-4 hr after 5.6 and 10 mg/kg morphine may be sufficient to elicit anxiolytic-like effects.
Repeat treatment with either dose of morphine resulted in a further increase in the magnitude and
duration of this anxiolytic-like effect. These effects had dissipated by 8 hr post-morphine, and
therefore precipitation of withdrawal by one of several doses of naloxone (0.10-3.3 mg/kg) was
assessed in separate cohorts of rats 8 hr after the final pretreatment under Morphine Naive, Acute
Morphine, or Repeat Morphine conditions. Naloxone resulted in a significant dose-dependent
expression of anxiety-like behavior with no effects on general activity after Acute Morphine
pretreatment at either 5.6 or 10 mg/kg morphine. A further significant shift in naloxone potency was
observed after Repeat Morphine pretreatment at the 10 mg/kg but not the 5.6 mg/kg dose. Thus,
anxiety-like behavior is a prominent feature of the negative emotional consequences of naloxone-
precipitated withdrawal from acute opioid dependence.
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1. Introduction

Drug abstinence in human opioid addicts can result in a number of well-characterized
autonomic and somatic symptoms of opioid withdrawal (American-Psychiatric-Association,
2007; Koob and Le Moal, 2005a; Lindesmith, 1968; O’Brien, 1996), but also includes
emotional or affective symptoms such as depressed mood/dysphoria, restlessness,
hyperirritability, and anxiety (American-Psychiatric-Association, 2007; Haertzen and Hooks,
1969; Henningfield, 1987; Jasinski et al., 1985; Koob and Le Moal, 2005a; Schulteis and Koob,
1996). These negative emotional states resulting from withdrawal may contribute to escalation
to compulsive use, maintenance of use, and relapse after periods of abstinence (Aston-Jones
and Harris, 2004; Koob and Le Moal, 2005b; Schulteis and Koob, 1996; Self and Nestler,
1998).

A number of animal models have been developed to permit the study of neuroanatomical and
neurochemical substrates mediating negative emotional signs of withdrawal from opioids and
other drugs of abuse (reviewed in Aston-Jones and Harris, 2004; Harris and Gewirtz, 2005;
Higgins and Sellers, 1994; Koob and Le Moal, 2005a). For opioid withdrawal anxiety, studies
have shown that both spontaneous and antagonist-precipitated opioid withdrawal result in
significant signs of anxiety-like behavior. For example, spontaneous opioid withdrawal results
in time-dependent emergence and resolution of anxiety-like behavior in the defensive probe
burying paradigm and elevated plus maze (Bhattacharya et al., 1995; Grasing et al., 1996;
Harris and Aston-Jones, 1993; Schulteis et al., 1998), and during spontaneous morphine
withdrawal rats trained to discriminate the stimulus effects of the anxiogenic agent
pentylenetetrazol (PTZ) show generalization to the PTZ stimulus (Emmett-Oglesby et al.,
1984). These same paradigms have also reliably measured anxiety-like behavior resulting from
antagonist-precipitated opioid withdrawal (Emmett-Oglesby et al., 1984; Higgins and Sellers,
1994; Schulteis et al., 1998).

Recently there is renewed interest in the phenomenon of acute opioid dependence, defined as
“a state in which abstinence [withdrawal] can be demonstrated or precipitated following either
a single dose or a short-term infusion of [an opioid]” (Bickel et al., 1988; Martin and Eades,
1964). Signs of withdrawal that closely parallel those observed during withdrawal from chronic
opioid exposure/intake can be precipitated by an opioid antagonist administered 2-24 hr after
a single bolus dose of an opioid agonist such as morphine in humans (e.g. Azorlosa et al.,
1994; Jones, 1980) and animals (e.g. Azar et al., 2003; Liu and Schulteis, 2004; Parker and
Joshi, 1998; Schulteis et al., 1997) with no prior history of opioid exposure. Notably, aversive
emotional states measured by elevations in brain reward thresholds (Easterling et al., 2000;
Liu and Schulteis, 2004) and conditioned place aversion (CPA; (Azar et al., 2003; Parker and
Joshi, 1998) are more readily elicited by the opioid antagonist naloxone than are most somatic
signs of withdrawal (Schulteis et al., 1999, 1997) after acute pretreatment with morphine.

The strategy of quantifying shifts to the left in the opioid antagonist dose-effect function elicited
by opioid agonist exposure has long been used for the characterization of neuroadaptive
changes associated with opioid dependence (Villereal and Castro, 1979; Way et al., 1969),
with the magnitude of shift in the antagonist dose-effect function presumed to serve as a valid
index of the magnitude of the underlying state of dependence. This strategy has proven
particularly valuable in the study of acute opioid dependence, and a number of studies indicate
that repeated treatment with morphine at daily or weekly intervals results in progressive left-
ward shifts in the potency of naloxone or naltrexone to precipitate withdrawal-like signs, as
one might expect if acute dependence reflects the early stages in the development of a full state
of opioid dependence (Adams and Holtzman, 1990; Azar et al., 2003; Azorlosa et al., 1994;
Easterling et al., 2000; Liu and Schulteis, 2004; Schulteis et al., 1999; Schulteis et al., 2004).
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To date the study of anxiety-like behavior during withdrawal from acute opioid dependence
has received limited attention. Several studies using the acoustic startle reflex indicate that
naloxone or naltrexone administered 2-6 hr after acute pretreatment with morphine can increase
magnitude of the basal startle response (Harris and Gewirtz, 2004; Kalinichev et al., 2004),
and that repeated morphine exposure results in a further increase in startle magnitude (Harris
et al., 2004). These data have been interpreted as evidence of increased anxiety-like behavior
during acute withdrawal from morphine (Harris and Gewirtz, 2005, 2004; Harris et al.,
2004). However, basal startle reflex is reported to be either suppressed (Kalinichev and
Holtzman, 2003; Mansbach et al., 1992) or unaffected (Fendt and Mucha, 2001) by withdrawal
from chronic morphine treatment, yielding an apparent dissociation between the behavioral
profile exhibited in this paradigm during withdrawal from acute versus chronic opioid
dependence. This contrasts sharply with other measures of aversive emotional states of opioid
withdrawal such as brain reward threshold elevations and CPA that are similarly elicited during
withdrawal from acute or chronic opioid exposure (Azar et al., 2003; Bruijnzeel et al., 2006;
Delfs et al., 2000; Easterling et al., 2000; Liu and Schulteis, 2004; Parker and Joshi, 1998;
Schaefer and Michael, 1986; Schulteis etal., 1994; Stinus et al., 1990). In addition, recent work
in our laboratory (Schulteis et al., submitted) suggests that interpretation of data on basal startle
reflex during the hours immediately following acute pretreatment with morphine may be
complicated by significant effects of the morphine metabolite morphine-3-glucuronide on
startle.

The purpose of the present study was to characterize naloxone-precipitated withdrawal from
acute and repeated intermittent morphine treatment using the elevated plus maze as an animal
model of withdrawal-related anxiety that develops during the initiation and early progression
of opioid dependence. The elevated plus maze was utilized in the present study because it was
previously shown to be a sensitive index of anxiety-like behavior accompanying antagonist-
precipitated withdrawal from chronic opioids (Higgins and Sellers, 1994; Schulteis et al.,
1998). In addition, this model has been shown to produce consistent anxiety-like behavioral
profiles during withdrawal from both chronic and acute ethanol exposure (Baldwin et al.,
1991; Doremus et al., 2003; File, 1994; Valdez et al., 2004; Zhang et al., 2007). Although the
elevated plus maze is a novelty-based task that requires a between-subjects approach, a within-
subjects approach is not optimal when seeking to study the withdrawal response to a single
acute opioid treatment; moreover, our previous work has shown that conditioned withdrawal
responses may contribute to the magnitude of naloxone-precipitated withdrawal if animals are
repeatedly tested under both acute and repeated intermittent morphine conditions (Schulteis et
al., 2003, 2004, 2005). Our goals were to demonstrate 1) a significant increase in naloxone
potency to elicit anxiety-like behavior following acute morphine pretreatment when compared
to the antagonist’s effects in opioid-naive controls; 2) a further potentiation of naloxone
potency upon repeated exposure to morphine; and 3) plus maze behavioral profiles after acute
and repeated intermittent morphine exposure that directly parallel effects observed in rats
exposed chronically to morphine.

2. Materials and methods

2.1 Animal Subjects

Male Wistar rats (n = 443, Harlan Labs, Indianapolis, IN) weighing 275-375 g at the time of
testing served as subjects for these studies. All rats were group housed (2-3/cage) in a
temperature- and humidity-controlled room with a 12 hour light/12 hour dark cycle (lights ON
at 6:00 AM). Rats had ad libitum access to food and water at all times. All testing took place
from 9:00 AM to 4:00 PM. All experimental procedures were approved by the Institutional
Animal Care and Use Committee of the VA San Diego Healthcare System, an AAALAC-
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accredited facility, and are in strict accordance with the “Guide for the Care and Use of
Laboratory Animals” (revised 1996).

Morphine sulfate was generously provided by the Research Resources Drug Supply System
of the National Institute on Drug Abuse (Bethesda, MD, USA). Naloxone HCI was purchased
from Sigma (St. Louis, MO, USA). Both drugs were prepared for injection in physiological
saline (0.9%), and all injections were made subcutaneously (SC) in a volume of 0.1 ml/100 g
body weight. Doses of both drugs are expressed as the salt. Morphine was administered at
doses ranging from 0.56 mg/kg to 10 mg/kg, and naloxone was administered at doses ranging
from 0.10 mg/kg to 3.3 mg/kg. All doses were based upon prior work on acute opioid
dependence in rats (Adams and Holtzman, 1990; Azar et al., 2003; Easterling et al., 2000;
Harris and Gewirtz, 2004; Kalinechev and Holtzman, 2003; Schulteis et al., 1997, 1999,
2004).

2.3 Elevated Plus Maze Apparatus and Procedure

The elevated plus maze apparatus used in these studies was an automated system acquired from
Kinder Scientific (Poway CA). The maze consisted of two opposing open arms (Length: 50
cm, Width 10.8 cm), bounded by 4-mm-high ledges on the sides and at the end of the arms,
and two opposing closed arms of equal length and width but with 33.5 cm high walls on all
sides except the 10.8 cm-wide entrance to the center of the maze. The center of the maze was
a10.8 x 10.8 cm square area from which each of the four arms was connected at 90° relative
to the adjacent arms. The maze floor was elevated 85 cm from the floor of the testing room.
All sides and floor surfaces of the open and closed arms were constructed from black Plexiglas.
Position of the rat in the maze was continuously tracked by photo beam arrays embedded along
the entire length of the base of each closed arm, the entry pointto all arms, and in clear Plexiglas
tubes that extended from the distal end of each closed arm and ran parallel to the open arms.

Testing was conducted in a quiet room with a white noise generator providing approximately
65 dB background noise. The testing room was illuminated only by two 25-W light bulbs in
clip-on fixtures that were attached to the legs of the enclosed arms and positioned to direct
light against the walls of the testing room behind each closed arm. To begin a test session, rats
were placed in the center of the maze facing towards one of the enclosed arms. Between each
trial, the maze was cleaned with a damp sponge and dried with paper towels.

Data were collected and analyzed by a Windows-XP-driven computer using MotorMonitor
Software (Kinder Scientific, Poway CA). From the computer-recorded data, the following
measures were computed for each rat: 1) time spent in the open arms as a percentage of the
total time spent exploring both the open and closed arms (Percent Time); 2) number of entries
into the open arms as a percentage of the total number of entries into both open and closed
arms (Percent Entries); and 3) the total number of entries into the closed arms (Closed Entries).
Our primary anxiety-like measures of interest were Percent Time and Percent Entries into the
open arms, as they consistently have been shown in factor analyses to have the highest loading
on the factor representing the “anxiety” dimension (Cruz et al., 1994; Fernandes and File,
1996; Ohl et al., 2001; Rodgers and Dalvi, 1997; Wall and Messier, 2001), and have proven
to be among the most reliable indices of anxiogenic-like effects of drug withdrawal, including
opioid withdrawal (Baldwin et al., 1991; Doremus et al., 2003; File, 1994; Kliethermes,
2005; Rassnick et al., 1993; Schulteis et al., 1998; Valdez et al., 2002; Valdez et al., 2004;
Valdez et al., 2003). Our measure of general activity was Closed Entries, a reliable and
validated index of locomotor activity in the maze (e.g. Fernandes and File, 1996; File, 1994,
1995).
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2.4 Experimental Design

Six to 9 days after arrival in the colony, rats were transported to a testing suite that consisted
of a front “holding” room where rats could be handled, weighed, injected, and housed
temporarily before and after testing, and a back “testing” room where the rats were exposed to
the maze. The illumination and background noise in the holding room matched that described
above for the testing room. Thirty to 60 min after initial transport to the holding room, each
rat was gently handled for 5 min, weighed, injected with vehicle or morphine, then returned to
their home cage and kept in the room for approximately four hours to acclimate to the ambient
lighting and noise conditions before being returned to the vivarium room. This procedure was
repeated on each of three consecutive days. On the fourth day when testing took place, all rats
were again moved to the holding room, weighed, injected with vehicle or morphine, and placed
back into their own home cages with food and water freely available. Separate cohorts of rats
received a) vehicle injection on all 4 days (Morphine Naive); b) vehicle on the first 3 days and
morphine (5.6 or 10 mg/kg) on the 4th day (Acute Morphine); or ¢) morphine (5.6 or 10 mg/
kg on all 4 days (Repeat Morphine). The interval between each of the four injections was held
constant at approximately 24 hr.

At a specific time interval (see below) after the fourth and final injection, rats received an
additional SC injection that consisted of either vehicle or a dose of naloxone (0.10 - 3.3 mg/
kg), and this injection was followed 10 min later by free exploration of the maze for 5 min. All
maze testing took place between 9 AM and 4 PM, with injection times on the test day varying
to produce the appropriate interval between morphine injection and test. Each rat was tested
only once. The same investigator performed all habituation, injection and testing procedures
with a given group of rats.

Previously reported preliminary work with the elevated plus maze (Schulteis and Zhang,
2006) was based upon extensive prior work with other behavioral indices of opioid withdrawal
(suppression of operant responding, brain stimulation reward thresholds, CPA) in which
naloxone administered 4 hr after acute or repeated intermittent pretreatment with a 5.6 mg/kg
dose of morphine elicited reliable signs of precipitated withdrawal with little or no measurable
residual response to morphine itself (Adams and Holtzman, 1990; Azar et al., 2003; Easterling
and Holtzman, Young, 1986; Easterling and Holtzman, 1997; Easterling et al., 2000; Liu and
Schulteis, 2004; Schulteis et al., 1997, 1999, 2004). Thus, initial cohorts of Morphine Naive,
Acute Morphine (5.6 mg/kg) or Repeat Morphine (5.6 mg/kg) subjects received vehicle or
naloxone (1.0, 3.3 mg/kg) 4 hr post-morphine and 10 min prior to testing in the elevated plus
maze. Although naloxone elicited significant anxiety-like effects at 4 hr post-morphine under
Acute Morphine treatment, naloxone potency was not potentiated significantly by Repeat
Morphine treatment in these preliminary studies. Unexpected findings of significant anxiolytic-
like effects 4 hr after Repeat Morphine alone in a group injected with vehicle instead of
naloxone prior to test appeared to confound effects of naloxone-precipitated withdrawal.
(Schulteis and Zhang, 2006). These ambiguous results led to the expanded series of studies
reported herein, designed to characterize the time course of anxiolytic-like effects of morphine
itself to permit selection of a time point for evaluation of naloxone-precipitated withdrawal
that would not be confounded by residual morphine effects. Specifically, the expanded set of
studies, the data for which are fully reported herein, included:

1. Atime course of plus maze behavior in response to morphine alone: Morphine Naive,
Acute Morphine, and Repeat Morphine groups (both 5.6 and 10 mg/kg morphine)
were tested following vehicle injection at 2, 4, or 8 hr post-treatment.

2. The effects of low doses of morphine (0.1 -1.0 mg/kg) alone on elevated plus maze
behavior: This study was conducted to examine the possibility that residual low doses
of morphine present at 2-4 hr post-treatment with 5.6-10 mg/kg doses could account
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for the unexpected anxiolytic-like effects at these time points, since prior studies had
indicated anxiolytic-like effects of low doses of morphine (Anseloni et al., 1999;
Koks et al., 1999; Koks et al., 1998; Motta and Brandao, 1993; Nobre et al., 2000).

3. Examination of the naloxone dose-effect function at 8 hr after the final pretreatment
injection: Morphine Naive, Acute Morphine, and Repeat Morphine groups were
tested after injection of naloxone. At least 2 doses of naloxone were tested under each
condition, with an initial dose of 0.33 or 1.0 mg/kg followed by tests of higher and/
or lower dose(s) based upon magnitude of effect (or lack thereof) at the preceding
dose; in this fashion, it was possible to minimize animal subject requirements while
establishing a minimum effective dose of naloxone under all conditions of morphine
treatment (up to the maximum tested dose of 3.3 mg/kg). The full range of naloxone
doses (0.10, 0.33, 1.0, 3.3 mg/kg) tested under all Acute and Repeat Morphine
conditions (both 5.6 and 10 mg/kg doses) were examined in cohorts of Morphine
Naive rats to permit direct comparisons to control conditions.

2.5 Data Analysis

3. Results

Data for all behavioral measures of plus maze activity (Percent Time, Percent Entries, Closed
Entries) were analyzed by two-way (Figures 1 and 3, Tables 1 and 2) or one-way (Figure 2)
ANOVA as dictated by the experimental design. To avoid cluttering of the results section with
multiple ANOVA values for Percent Time, Percent Entries, and Closed Entries, most overall
ANOVA results are presented in accompanying tables. Follow-up comparisons using a
Bonferroni correction to maintain a constant overall familywise error rate of p< 0.05 were
conducted as appropriate given the outcome of the overall ANOVA.

A full three-factor analysis of morphine history (Morphine Naive, Acute Morphine, Repeat
Morphine), morphine dose (5.6, 10 mg/kg), and either time post-treatment (Figure 1 and Table
1) or naloxone dose (Figure 3, Tables 2) as the third factor would require identical time points
or ranges of naloxone dose be evaluated under all conditions, and also require a separate
Morphine Naive control group for both the 5.6 and 10 mg/kg doses of morphine. To conserve
animal subject requirements where possible in a study that was already quite large, the decision
was made to test a single cohort of Morphine Naive controls at each time point or naloxone
dose concurrently with the corresponding Acute and Repeat Morphine groups treated with 5.6
and 10 mg/kg morphine. In addition, as described above slightly different naloxone dose ranges
were sometimes tested in Acute versus Repeat Morphine groups to establish minimum effective
doses under each condition while again conserving animal subjects where possible. As a result,
all studies required separate analyses of data for the 5.6 and 10 mg/kg doses of morphine, and
some studies additionally required separate analyses of naloxone effects under Acute and
Repeat Morphine conditions (in each case compared to the single Morphine Naive control
condition).

3.1 Acute and Repeat Morphine time course

As shown in Figure 1, pretreatment with 5.6 mg/kg (panels A-C) or 10 mg/kg (panels D-F)
morphine resulted in behavioral changes in the elevated plus maze that varied in a dose- and
time-specific fashion. An initial one-factor ANOVA comparing all Morphine Naive control
groups over time (2, 4, and 8 hr post-injection) revealed no significant differences on any of
the 3 measures of plus maze behavior (Percent Time, Percent Entries, Closed Entries, all F’s
[2,45] < 2.01, p’s > 0.10).

Morphine 5.6 mg/kg—Two-factor ANOVAs on all plus maze measures were conducted
comparing the Morphine Naive, Acute Morphine 5.6 mg/kg, and Repeat Morphine 5.6 mg/kg
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groups over time (2, 4, and 8 hr after 4th and final pre-treatment). As shown in Table 1 and
Figure 1A-C, both Acute and Repeat Morphine 5.6 mg/kg elicited time-dependent elevations
in Percent Time and Percent Entries into the open arms, as well as time-dependent decreases
in Closed Entries, relative to Morphine Naive controls. Significant interaction of time with
morphine history (Morphine Naive, Acute Morphine, Repeat Morphine) for both the Percent
Time (Figure 1A) and Percent Entries (Figure 1B) measures was attributable to a selective
increase in open arm exploration at early but not late time points. The effect was significant
for both the Acute Morphine and Repeat Morphine condition at 2 hr post-treatment relative to
Morphine Naive controls (p < 0.05, Bonferroni-corrected individual means comparisons,
Figure 1A), and had declined to baseline by 4 hr post-morphine for the Acute but not the Repeat
Morphine condition (the latter had declined to Morphine Naive levels by 8 hr post-treatment).
Analysis of the primary activity measure, Closed Entries, revealed only a significant main
effect of time post-treatment, attributable to a modest reduction in activity at 2 hr post-morphine
relative to later time points for all conditions.

Morphine 10 mg/kg—Two-factor ANOVA on the Percent Time and Percent Entries
measures revealed a significant main effect of morphine history and main effect of time post-
morphine (Table 1). As shown in Figure 1D and 1E and confirmed by follow-up comparisons
across morphine history at individual time points, a time-dependent increase in open arm
exploration was significant under Acute and Repeat Morphine conditions only at 4 hr post-
treatment (p < 0.05, Bonferroni-corrected); no difference from Morphine Naive controls was
observed after either Acute or Repeat Morphine treatment at 2 or 8 hr post-treatment. For
Closed Arm Entries (Figure 1F), a significant interaction of the time and morphine history
factors, followed by post-hoc individual means comparisons across morphine conditions at
individual time points revealed a transient reduction in Closed Entries at 2 hr post-treatment
in both Acute and Repeat Morphine groups as compared to Morphine Naive controls (p < 0.05,
Bonferroni-corrected).

3.2 Effects of acute low doses of morphine tested 15 min post-injection

As shown in Figure 2, morphine in a low dose range injected 15 min prior to plus maze testing
produced an increase in Percent Time and Percent Entries into the open arms of the maze in a
non-linear dose-dependent fashion (inverted U-shape). One-way ANOVA with morphine dose
as a between subjects factor revealed a significant effect for the Percent Time (F[3,49] = 2.89,
p < 0.05) and Percent Entries (F[3,49] = 2.82, p < 0.05) measures, with no significant effect
on Closed Entries, the measure of general activity (F[3,49] = 0.146, N.S.). Post-hoc
comparisons of each morphine dose to vehicle controls revealed a significant effect only at the
intermediate dose tested for both Percent Time and Percent Entries measures (0.56 mg/kg, p
< 0.05 Bonferroni-corrected).

3.3 Naloxone-precipitated withdrawal 8 hr post-morphine

Initial one-factor ANOVA comparing all doses of naloxone to vehicle in Morphine Naive rats
at the 8 hr testing interval revealed no significant effects on any of the 3 measures of plus maze
behavior examined (all F’s[4,58] < 1.69, p’s > 0.15).

Morphine 5.6 mg/kg—Comparison of the Acute and Repeat Morphine conditions to
Morphine Naive controls on the Percent Time (Figure 3A) and Percent Entries (Figure 3B)
measures revealed only significant main effects of morphine history (see Table 2), with follow-
up simple main effects revealing that both the Acute and Repeat Morphine groups differed
significantly from the Morphine Naive controls (p < 0.05, Bonferroni-corrected), but not from
each other. The Closed Entries measure yielded no significant effects whatsoever for Acute or
Repeat Morphine (Figures 3C).
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Morphine 10 mg/kg—As shown in Figure 3D- 3F and Table 2, the data for naloxone-induced
withdrawal at 8 hr after administration of acute or repeated intermittent morphine at the 10 mg/
kg dose yielded dose-dependent effects of naloxone after Acute Morphine pretreatment, with
a further significant shift in naloxone potency upon Repeat Morphine experience, consistent
with our prior findings with other measures of opioid withdrawal (Azar et al., 2003; Schulteis
etal., 1997, 2004, Liu and Schulteis, 2006).

As summarized in Table 2, comparison of either the Acute Morphine or Repeat Morphine 10
mg/kg groups to Morphine Naive controls yielded significant main effects of morphine history
and a history x naloxone dose interaction for both the Percent Time and Percent Entries
measures (Figure 3D-3E). Post-hoc individual means comparisons of Acute and Repeat
Morphine groups to Morphine Naive controls at individual doses of naloxone revealed
minimum effective doses of 1.0 mg/kg and 0.33 mg/kg naloxone after Acute and Repeat
Morphine pretreatment, respectively (p < 0.05, Bonferroni-corrected). As shown in Figure 3F
and confirmed by a significant main effect of morphine history in the Repeat Morphine vs.
Morphine Naive comparison, naloxone produced a modest reduction in Closed Entries that
was not dose-dependent in the Repeat Morphine condition only.

4. Discussion

The present study achieved all three of our goals for development of an animal model of
withdrawal-associated anxiety-like behavior in the initial onset and early progression of opioid
dependence, as outlined at the end of the Introduction:

1. Anxiety-like behavior was clearly observed during naloxone-precipitated withdrawal
from a single pretreatment with morphine (Figure 3). Naloxone administered 8 hr
after Acute Morphine treatment (5.6 and 10 mg/kg) elicited dose-dependent decreases
in Percent Time on and Percent Entries into the open arms of the elevated plus maze,
with no significant effects on general activity in the maze as measured by Closed Arm
Entries. Qualitatively these results are similar to prior reports of suppression of
operant responding, brain reward threshold deficits, and conditioned place aversion
precipitated by naloxone or naltrexone after acute morphine (Adams and Holtzman,
1990;Azar et al., 2003;Easterling and Holtzman, 1997;Easterling et al., 2000;Liu and
Schulteis, 2004;Parker and Joshi, 1998; Schulteis et al., 1999,1997;Schulteis et al.,
2004).

2. Potentiation of naloxone potency upon Repeat Morphine treatment. With 4 daily
pretreatments of 10 mg/kg morphine, the minimum dose of naloxone to elicit anxiety-
like behavior decreased from 1.0 mg/kg to 0.33 mg/kg. Although there was a very
modest effect of naloxone on the measure of general activity (Closed Entries) after
Repeat Morphine 10 mg/kg, this activity effect was not naloxone dose-dependent,
whereas the anxiogenic-like effects were clearly dose-dependent.

3. Unlike the sometimes dichotomous effects on basal acoustic startle reflex in animals
undergoing withdrawal from acute versus chronic morphine (Fendt and Mucha,
2001; Harris and Gewirtz, 2005, 2004; Harris et al., 2004; Kalinichev and Holtzman,
2003; Mansbach et al., 1992), directionality of effect in the elevated plus maze is
similar during naloxone-precipitated withdrawal from acute, repeated intermittent,
and chronic morphine exposure. Moreover, in our prior report of anxiety-like behavior
precipitated by naloxone in rats chronically dependent on morphine through
implantation of morphine pellets (Schulteis et al., 1998), the minimum effective dose
of naloxone to precipitate anxiety-like behavior was 0.01 mg/kg, 30-fold lower than
the minimum dose required to precipitate withdrawal after 4 daily treatments with 10
mg/kg morphine in the present study (0.33 mg/kg, see Figure 3). This ratio of relative
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naloxone potency after chronic versus repeated intermittent (4x) morphine is similar
to the 10-30 fold potency differences for naloxone precipitation of brain reward
deficits (Liu and Schulteis, 2004; Schulteis et al., 1994) and suppression of operant
responding (Schulteis et al., 1994, 2004) after chronic versus repeated intermittent
morphine. Similar potency differences exist for naloxone precipitation of somatic
signs of withdrawal following chronic (Schulteis et al., 1994) versus repeated
intermittent morphine (Schulteis et al., 1999), with relatively mild (e.g. teeth
chattering, swallowing movements, eye blinks, paw shakes) but not more severe (e.g.
weight loss, diarrhea, wet dog shakes, jumping behavior) somatic signs observed at
minimal doses naloxone required to elicit negative emotional signs such as brain
reward deficits or anxiety-like behavior (Adams and Holtzman, 1990; Kalinichev and
Holtzman, 2003; Schulteis et al., 1994, 1999).

Although our preliminary work with the elevated plus maze (Schulteis and Zhang, 2006)
focused initially on parameters of morphine dose (5.6 mg/kg) and interval between morphine
and naloxone (4 hr) that were well-established in our prior work with suppression of operant
responding, CPA, and brain stimulation reward, it quickly became evident that several minor
deviations in experimental design would be necessary to produce a model of opioid withdrawal
anxiety-like behavior that encompassed the three primary characteristics highlighted above.
Our pilot data (Schulteis and Zhang, 2006) indicated that naloxone-induced anxiety-like
behavior, although detectable at 4 hr after acute treatment with our standard dose of 5.6 mg/
kg morphine, was not potentiated by repeated morphine pretreatment, and it was postulated
that this was due at least in part to an unexpected anxiolytic-like profile observed at 4 hr post-
morphine under Repeat Morphine conditions. In work with suppression of operant responding,
brain stimulation reward, and place aversion, we had not observed such residual agonist effects
at 4 hr post-morphine (Azar et al., 2003; Liu and Schulteis, 2004; Schulteis et al., 1997,
1999, 2004).

Therefore, the first step in the present study was to characterize the time course of morphine-
induced changes in plus maze behavior to identify time points that would be free of residual
morphine effects that might “compete” with expression of naloxone-precipitated withdrawal.
As shown in Figure 1, both 5.6 and 10 mg/kg morphine produced time-dependent anxiolytic-
like effects after acute treatment, with peak effects at 2 hr following 5.6 mg/kg morphine and
at 4 hr following 10 mg/kg morphine. One possible interpretation of the delay in onset of
anxiolytic-like effect is that it is mediated by a build-up of morphine metabolites, which in the
rat consist primarily of morphine-3-glucuronide (M3G; Christrup, 1997;Shang et al.,
2006;Zheng etal., 1998). However, several pieces of evidence argue against this interpretation.
First, M3G levels in plasma and CSF are higher at 2 hr after injection of 10-15 mg/kg of
morphine (Barjavel et al., 1995;Shang et al., 2006) than they are at 4 hr post-injection, yet the
anxiolytic-like effects observed after acute administration of 10 mg/kg morphine peaked at 4
hr, and were absent at 2 hr. Second, the lower dose of morphine (5.6 mg/kg) produces
anxiolytic-like effects at 2 hr post-treatment where the higher dose of 10 mg/kg is without
effect, yet plasma levels of M3G at 2 hr post-injection are significantly higher with 10 mg/kg
than 5.6 mg/kg of morphine (Barjavel et al., 1995;Zheng et al., 1998). Finally, we are unaware
of any reports in the literature of M3G producing anxiolytic-like effects, but there are a number
of reports that central administration of this morphine metabolite elicits an excitatory reaction
characterized by explosive motor behavior, touch-evoked agitation, myoclonic jerks, and wet-
dog shakes, behaviors that the rat is most likely to experience as aversive rather than anxiolytic
(Bartlett et al., 1994;Hemstapat et al., 2003;Labella et al., 1979;Smith and Smith, 1998). In
support of this latter assertion, Bartlett et al. (1994) reported that some excitatory effects of
M3G are attenuated by pretreatment with an anxiolytic agent (midazolam).
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An additional possibility that we therefore considered is that residual levels of unconjugated
morphine may account for the delayed anxiolytic-like effects observed in the present study.
Morphine-induced anxiolytic-like effects as measured by increases in Percent Time on and
Percent Entries into the open arms of the elevated plus-maze are most often observed at 15-30
min after injection of low doses of morphine (e.g. 0.3-1.0 mg/kg), with a non-linear inverted-
U-shaped dose-effect function resulting in loss of effect at higher doses of morphine (Anseloni
etal., 1999; Koks et al., 1999; Koks et al., 1998; Motta and Brandao, 1993; Nobre et al.,
2000; Patti et al., 2006). The inverted U-shaped nature of the dose-effect function may be
attributable to significant reductions in general activity elicited by higher doses of morphine
(Koks et al., 1999). An additional possibility supported by site-directed infusion studies is that
lower doses of morphine increase exploration of the open arms of the maze through activation
of p opioid receptors in the nucleus accumbens and/or dorsal periaqueductal gray (DPAG),
whereas higher doses elicit opposing effects through activation of « opioid receptors in the
DPAG (Anseloni et al., 1999; Motta and Brandao, 1993; Motta et al., 1995; Nobre et al.,
2000).

The current study verified the inverted U-shaped dose effect function of low dose morphine-
induced anxiolytic-like effects under the same testing conditions where we observed delayed
emergence of such effects following higher morphine doses (5.6 -10 mg/kg). Significant
increases in Percent Time on and Percent Entries into the open arms were observed at a dose
of 0.56 mg/kg morphine, and these effects were lost at a higher dose of 1.0 mg/kg (see Figure
2). Thus, a dose 10 or 18-fold lower than the 5.6 and 10 mg/kg pretreatment doses, respectively,
produced an anxiolytic-like effect within 15 min of administration. It is noteworthy that plasma
levels of intact morphine measured 4 hr after acute SC administration of the 10 mg/kg dose
and 2 hr after administration of 5.6 mg/kg dose, times when peak anxiolytic-like effects are
observed for each respective dose (see Figure 1), are in a similar range (140-200 ng/ml;
Schulteis and Zhang, 2006; Schulteis et al., submitted), and these residual plasma morphine
levels represent approximately 10-15% of peak levels achieved after acute injection of 5.6 and
10 mg/kg morphine. Taken together, these findings are consistent with the interpretation that
residual low levels of intact morphine produce anxiolytic-like effects at 2 and 4 hr after
administration of 5.6 and 10 mg/kg morphine, respectively.

As shown in Figure 1, repeated daily treatment with morphine at either 5.6 or 10 mg/kg
produced a further increase in the magnitude and duration of anxiolytic-like effects beyond
what was observed after a single treatment. These effects are not readily attributable to
pharmacokinetic mechanisms, as previous work has shown that daily treatment with 10 mg/
kg morphine for 7 days does not alter the time course of morphine concentrations in plasma
or brain (Kalivas and Duffy, 1987). However, the data are consistent with the possibility that
repeated daily morphine treatment produced sensitization to the anxiolytic-like effects of low
residual levels of morphine. It is known that 10 mg/kg morphine can induce sensitization to
opioid- or psychostimulant-induced locomotor behavior when administered 1-5 times at
intervals of 24-48 hr between treatments (Cunningham et al., 1997;McDaid et al.,
2006;Vanderschuren et al., 2001). Similar to the results observed in the present study, such
sensitized locomotor behaviors in response to a challenge dose of morphine can manifest as
both increased peak magnitude and increased duration of effect. Notably behavioral
sensitization in these studies is accompanied by sensitization of neurochemical responses to
morphine in the nucleus accumbens (McDaid et al., 2006;Vanderschuren et al., 2001), or can
be elicited by direct microinfusion of morphine into the nucleus accumbens (Cunningham et
al., 1997), and acute microinfusion of morphine into the nucleus accumbens also elicits
anxiolytic-like effects (Anseloni et al., 1999). We postulate therefore that the increased
magnitude and duration of anxiolytic-like effect observed in the present study upon repeated
treatment with 5.6-10 mg/kg morphine may reflect a sensitization process, possibly in the
nucleus accumbens. Although no apparent sensitization of the Closed Entries measure of
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activity was detectable in the present study, this may have been obscured by the large increase
in exploration of the open arms of the maze. Verification of our postulate will require further
studies that extend beyond the scope of the present work, since our primary focus herein was
to establish a reliable model of anxiogenic-like effects of withdrawal from acute and repeated
intermittent morphine. Nonetheless, the present work highlights the necessity to understand
clearly all possible factors contributing to behavioral responses when seeking to establish a
particular paradigm as a reliable animal model of the emotional consequences antagonist-
precipitated withdrawal from acute opioid dependence, including factors such as spontaneous
withdrawal effects, possible contributions of morphine metabolites, and potential effects of
residual low doses of morphine.

In summary, negative emotional states accompanying withdrawal from acute morphine include
anxiety-like behavior as measured in the elevated plus maze (present study) in addition to
previously reported elevated brain reward thresholds (Easterling et al., 2000; Liu and Schulteis,
2004), suppression of operant responding (Adams and Holtzman, 1990; Schulteis et al.,
1997, 1999, 2004), and CPA (Azar et al., 2003; Parker and Joshi, 1998). We previously argued
(Criner et al., 2007; Liu and Schulteis, 2004) that suppression of operant responding and CPA,
as general measures of the aversive stimulus effects of opioid withdrawal, could reflect the
elicitation of one or more negative emotional components of withdrawal such as anxiety or
dysphoria. In rats exposed chronically to morphine, these aversive states are produced by low
doses of opioid antagonists that fail to elicit significant somatic signs of withdrawal (e.g. escape
jumps, wet dog shakes, abdominal constrictions, diarrhea, body weight loss, profuse salivation;
Higgins and Sellers, 1994; Schulteis et al., 1994). In contrast, naloxone elevates brain reward
thresholds and produces anxiogenic-like effects at doses comparable to those that produce
suppression of operant responding and CPA after chronic (Fendt and Mucha, 2001; Higgins
and Sellers, 1994; Schulteis et al., 1994; Schulteis et al., 1998) and acute morphine (present
study and Azar et al., 2003; Liu and Schulteis, 2004; Schulteis et al., 1997, 1999, 2004). The
nucleus accumbens, bed nucleus of the stria terminalis, and central amygdala have been
identified as critical loci where opioid receptor blockade elicits suppression of operant
responding and CPA during withdrawal from chronic (Koob et al., 1989; Stinus et al., 1990)
or acute (Criner et al., 2007) morphine. These same structures are prominently implicated in
expression of negative emational states, including anxiety-like behavior (Davis, 1998; Nair et
al., 2005). Future work to identify the brain sites most sensitive to precipitation of brain reward
deficits and anxiogenic-like effects therefore should provide a direct test of the hypothesis that
these emotional signs of withdrawal contribute to the aversive stimulus that engenders
suppression of operant responding and CPA.

It is noteworthy that brain reward deficits and anxiety-like behavior during withdrawal from
acute morphine closely parallel negative emotional consequences of withdrawal from acute
ethanol (Liu and Schulteis, 2004; Schulteis and Liu, 2006; Zhang et al., 2007). Throughout
these studies it has been clearly demonstrated that a single exposure to morphine or alcohol is
sufficient to induce a state of acute dependence as measured by negative emotional indices of
withdrawal, and severity of said negative emotional withdrawal is further potentiated with
several repeated intermittent daily or weekly exposure to opioids or ethanol, suggesting rapid
induction and progression of neuroadaptation within brain emotional and reward circuitry. Our
animal models of these negative affective consequences of withdrawal from acute and repeated
intermittent opioid and ethanol intoxication should prove useful in delineating the specific
neuroanatomical and neurochemical substrates within brain reward, emotional, and stress
circuitry (e.g. CRF systems in the CNS) that are critical to initial onset and early progression
of neuroadaptation not only to opioids but also to other drugs of abuse such as alcohol. In this
regard, it should be emphasized that although physical or somatic signs of withdrawal may
vary widely across classes of abused drugs from opioids to sedatives to stimulants, negative
emotional states including dysphoria and elevated anxiety are prominent features of the
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withdrawal syndrome to multiple classes of drugs, including opioids, sedatives such as alcohol
and benzodiazepines, and stimulants such as cocaine, amphetamines and nicotine (Koob and
Le Moal, 2005a,b). Recent theories of dependence and addiction have therefore accorded these
negative emotional states a more prominent role than somatic withdrawal signs in motivating
maintenance of compulsive drug use and relapse after periods of abstinence (Aston-Jones and
Harris, 2004; Koob and Le Moal, 2005b; Schulteis and Koob, 1996; Self and Nestler, 1998),
and our models of dysphoria-like and anxiety-like behavior resulting from acute opioid
dependence suggest they may also play a prominent role in the transition from casual to
compulsive use.
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Fig. 1.

Pretreatment with Acute (m) or Repeat (4¢) Morphine produces dose- and time-dependent
effects on all 3 measures of plus maze behavior relative to Morphine Naive (o) controls. Data
represent mean = SEM; sample size = 11-15/group. Note that Morphine Naive control groups
were tested concurrently with both 5.6 mg/kg and 10 mg/kg morphine-treated cohorts, therefore
the same Morphine Naive control data are presented in both the upper and lower panels for
ease of comparison to both morphine doses. See Table 1 for all overall ANOVA results to
support the follow-up comparisons reported herein. Panels A-C, 5.6 mg/mg morphine: Acute
Morphine treatment at the 5.6 mg/kg dose increases Percent Time (A) and Percent Entries (B)
at 2 hr post-morphine; Repeat Morphine elicits similar effects at 2 hr post-morphine, and
additionally increases Percent Time on the open arms at 4 hr post-morphine. All treatment
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groups (Morphine Naive, Acute Morphine, Repeat Morphine) showed a modest reduction in
activity at the 2 hr time point relative to 4 and 8 hr (C), but there were no differences across
treatment conditions. Panels E-G, 10 mg/kg morphine: Acute Morphine treatment at the 10
mg/kg dose increases Percent Time (E) and Percent Entries (F) at 4 hr post-morphine, but
effects have declined to Morphine Naive baseline levels by 8 hr post-morphine. Repeat
Morphine produces a further increase in Percent Time (E) on the open arms at 4 hr post-
morphine, but again the effect returned to baseline by 8 hr post-morphine. The effects on
Percent Time and Percent Entries at 4 hr were not accompanied by changes in Closed Arm
Entries (F), although there was a significant reduction in activity at the earlier 2 hr time point
under both Acute and Repeat Morphine conditions. **p < 0.05, both Acute and Repeat
conditions differ from Morphine Naive controls via Bonferroni-corrected individual means
comparisons; *p <0.05, Repeat Morphine condition only differs from Morphine Naive controls
via Bonferroni-corrected individual means comparisons; $p < 0.05, main effect of time in the
absence of a significant main effect of morphine condition or significant interaction, no further
follow-up comparisons conducted.
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Fig 3.

Relative to its effects in Morphine Naive controls (o), naloxone elicits clear dose-dependent
anxiogenic-like effects when administered 8 hr after pretreatment with Acute (m) 10 mg/kg
morphine that is potentiated by 4 daily repeated treatments with this same dose of morphine
(Repeat, 4) (Panels D-F). Treatment with Acute or Repeat Morphine at the 5.6 mg/kg dose
also yielded significant anxiogenic-like effects, but naloxone dose-dependence was not as
clear, and Repeat treatment with this dose of morphine did not consistently increase naloxone
potency when administered 8 hr after the final morphine pretreatment (Panels A-C). Data
represent mean (= SEM); sample size = 11-15/group. Note that Morphine Naive control groups
were tested concurrently with cohorts of animals treated with 5.6 or 10 mg/kg morphine,
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therefore the same control data are presented in both the upper and lower panels. Data from
groups treated with Vehicle (VEH) 8 hr after pretreatment with either vehicle (Morphine Naive)
or the appropriate dose of morphine (Acute, Repeat, 5.6 or 10 mg/kg) are reproduced here from
Figure 1 to facilitate visual comparison to the groups treated with naloxone, but are not included
in the statistical analysis of naloxone effects. See Table 2 for all overall ANOVA results to
support the follow-up comparisons reported herein. Panels A-C, 5.6 mg/mg morphine:
Naloxone administered 8 hr post-morphine elicited significant reductions in (A) Percent Time
spent on and (B) Percent Entries into the open arms of the maze following both Acute and
Repeat 5.6 mg/kg morphine, but the effects were not dependent on naloxone dose, and there
was no incremental effect of Repeat Morphine treatment beyond the effects produced by Acute
treatment (# p < 0.05, Simple Main Effect of Morphine History, Acute vs. Naive; = p < 0.05,
Simple Main Effect of Morphine History, Repeat vs. Naive). Naloxone was without significant
effect on Closed Arm Entries (C) after either Acute or Repeat 5.6 mg/kg morphine. Panels E-
G, 10 mg/kg morphine: Significant interactions of morphine history and naloxone dose were
found when comparing either Acute or Repeat 10 mg/kg morphine to Morphine Naive controls
for Percent Time (E) and Percent Entries (F), indicating naloxone dose-dependent reductions
in both measures of anxiety-like behavior. Naloxone was effective at a lower dose (0.33 mg/
kg) after Repeat Morphine 10 mg/kg than after Acute Morphine 10 mg/kg (*p < 0.05 vs.
Morphine Naive controls at that dose of naloxone, Bonferroni-corrected). For the activity
measure of Closed Arm Entries (F), a significant main effect of naloxone was observed only
when comparing Repeat Morphine 10 mg/kg to Morphine Naive controls, attributable to a
modest but significant reduction in closed arm entries that was not dependent on naloxone dose
(= p <0.05, Simple Main Effect of Morphine History, Repeat vs. Naive).
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Plus Maze Measure

Two-Factor ANOVA

Morphine 5.6 mg/kg (Acute vs
Repeat vs Naive)

Morphine 10 mg/kg (Acute vs
Repeat vs Naive) &

Percent Time

Main Effect Morphine History a

Main Effect Time
Interaction

F[2,116] = 15.45, p < 0.0001
F[2,116] = 23.04, p < 0.0001
F[4,116] = 5.16, p < 0.001

F[2,117] = 6.37, p < 0.005
F[2,117] = 3.28, p < 0.05
F[4,117] = 1.03, N.S.

Percent Entries

Main Effect Morphine History &

Main Effect Time
Interaction

F[2,116] = 8.67, p < 0.001
F[2,116] = 16.97, p < 0.0001
F[4,116] = 3.50, p < 0.01

F[2,117] = 3.18, p < 0.05
F[2,117] =5.43, p < 0.01
F[2,117]=0.76, N.S.

Closed Entries

Main Effect Morphine History a

Main Effect Time
Interaction

F[2,116] = 2.06, N.S.
F[2,116] = 17.08, p < 0.0001
F{4,116] = 1.29, N.S.

F[2,117] =4.99, p < 0.01
F[2,117] = 21.59, p < 0.0001
F[4,117] = 3.15, p < 0.05

Abbreviations: N.S.= not significant

aMorphine History refers to treatment regimen on 4 days leading up to plus maze testing: Morphine Naive (vehicle x 4), Acute Morphine (vehicle x 3,
morphine x 1), or Repeat Morphine (morphine x 4)

All treatment groups included separate cohorts tested at 2, 4, and 8 hr after the 4th and final injection of their given treatment regimen
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Summary of ANOVA Results for Naloxone Administered 8 hr Post-Morphine
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Plus Maze Measure

Two-Factor ANOVA

Morphine 5.6 mg/kg
Naive vs Acute vs
Repeat (0.33, 1.0, 3.3

Morphine 10 mg/kg
Acute vs. Morphine
Naive (0.33, 1.0, 3.3

Morphine 10 mg/kg
Repeat vs Morphine
Naive (0.10, 0.33, 1.0

mg/kg NAL) mag/kg NAL) & ma/kg NAL) &
Percent Time Main Effect Morphine F[2,97]=7.95,p< F[1,66] =17.92,p < F[1,68] = 44.27,p <
0.001 0.0001 0.0001

History
Main Effect Naloxone Dose|
Interaction

F[2,97] = 0.66, N.S.
F[3,97] = 1.45, N.S.

F[2,66] = 1.20, N.S.
F[2,66] = 5.64, p < 0.01

F[2,68] = 3.19, p < 0.05
F[2,68] = 4.42, p < 0.05

Percent Entries

Main Effect Morphine
History

Main Effect Naloxone Dosg|
Interaction

F[2,97] = 4.85, p <
0.01

F[2,97] = 0.86, N.S.
F[3,97] =0.60, N.S.

F[1,66] = 10.81, p <
0.005

F[2,66] = 1.68, N.S.
F[2,66] = 3.16, p < 0.05

F[1,68] = 15.40, p <
0.0005

F[2,68] = 1.54, N.S.
F[2,68] = 3.22, p < 0.05

Closed Entries

Main Effect Morphine

History
Main Effect Naloxone Dose|
Interaction

F[2,97] = 1.77, N.S.
F[2,97] = 0.62, N.S.
F[3,97] = 1.11, N.S.

F[1,66] = 0.18, N.S.
F[2,66] = 0.27, N.S.
F[2,66] = 0.53, N.S.

F[1,68] = 6.25, p < 0.05
F[2,68] = 1.07, N.S.
F[2,68] = 0.38, N.S.

Abbreviations: NAL = naloxone, N.S. = not significant

iI'o establish dose-dependence and minimum effective doses of naloxone while minimizing animal subject requirements wherever possible, different
doses of naloxone were tested under Acute and Repeat Morphine 10 mg/kg conditions, and consequently these groups were compared to Morphine Naive
controls in separate two-factor ANOVAs

Morphine History refers to treatment regimen on 4 days leading up to plus maze testing: Morphine Naive (vehicle x 4), Acute Morphine (vehicle x 3,
morphine x 1), or Repeat Morphine (morphine x 4)
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