1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Neuropharmacology. Author manuscript; available in PMC 2017 August 29.

-, HHS Public Access
«

Published in final edited form as:
Neuropharmacology. 2016 March ; 102: 236-243. doi:10.1016/j.neuropharm.2015.11.024.

Expression and Pharmacological Modulation of Visceral Pain-
Induced Conditioned Place Aversion in Mice

Deniz Bagdas®P™# Pretal P. Muldoon®#, Shakir AlShararia¢# F. vy Carrolld, S. Stevens
Negus?, and M. Imad Dama;j2

aDepartment of Pharmacology and Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA 23298-0613

bExperimental Animals Breeding and Research Center, Faculty of Medicine, Uludag University,
Bursa 16059, Turkey

®Department of Pharmacology and Toxicology, College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia

dCenter for Drug Discovery, Research Triangle Institute, PO Box 12194, Research Triangle Park,
NC 27709-2194

Abstract

Pain encompasses both a sensory as well as an affective dimension and these are differentially
processed in the brain and periphery. It is therefore important to develop animal models to reflect
the non-reflexive assays in pain. In this study, we compared effects of the mu opioid receptor
agonist morphine, the nonsteroidal anti-inflammatory drug ketoprofen and the kappa receptor
opioid agonist U50,488H and antagonist JDTic on acetic acid-induced stretching and acetic acid-
induced aversion in the condition place aversion (CPA) test in male ICR mice. Intraperitoneal
administration of acetic acid (0.32—-1%) was equipotent in stimulating stretching and CPA.
Ketoprofen, morphine and U50,488H all inhibited the acid-induced stretching. Ketoprofen and
morphine also blocked the acid-induced CPA but U50,488H failed to do so. The reversal ability of
ketoprofen and morphine on acid-induced CPA is unique to pain-stimulated place aversion since
these drugs failed to reduce non-noxious LiCl-induced CPA. Overall, this study characterized and
validated a preclinical mouse model of pain-related aversive behavior that can be used to assess
genetic and biological mechanisms of pain as well as improving the predictive validity of
preclinical studies on candidate analgesics.
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1. Introduction

Pain has been described as a multi-dimensional state composed of sensory, affective, and
cognitive components (Apkarian et al., 2004; Ji et al., 2010; Neugebauer et al., 2009).
Furthermore, pain states that require clinical intervention are often accompanied by changes
in affective behaviors (Hummel et al., 2008; Joshi and Honore, 2006; Mogil, 2009;
Whiteside et al., 2013). Thus, animal models that measure pain-related changes in affective
behaviors may serve as important tools in the development of more efficacious analgesic
drugs. Recent behavioral studies suggest that these affective components of pain can be
evaluated in rodents. For example, depression of positively reinforced operant responding
maintained by delivery of food (Martin et al., 2004) or electrical brain stimulation (Do
Carmo et al., 2009; Leitl et al., 2014) was reported after injury or treatment with
experimental noxious stimuli. In addition, recent studies in rats showed that a aversion to a
noxious stimuli can also be assessed with a conditioned place aversion (CPA) test after
intraperitoneal (i.p.) injection of acetic acid (AA) (Deyama et al., 2010) or intraplantar
injection of complete Freund’s adjuvant (Johansen et al., 2001; Zhang et al., 2013). These
studies revealed that several limbic brain areas, such as the anterior cingulate cortex
(Deyama et al., 2007; Johansen and Fields, 2004; Johansen et al., 2001), central amygdala
(Deyama et al., 2010), and bed nucleus of the stria terminalis (Deyama et al., 2008, 2007),
mediate this CPA. There has been limited studies exploring the induction of CPA after
noxious stimulus delivery in mice (Browne and Woolf, 2014; Daou et al., 2013), but such
studies might be useful given the molecular and genetic applicability of mouse models to
human disease phenotypes (Rosenthal and Brown, 2007).

Toward that end, the purpose of this study was to evaluate the expression and
pharmacological modulation of CPA produced in mice by a commonly used acute visceral
noxious stimulus (i.p. AA). We hypothesized that AA would induce place aversion, and that
AA-induced CPA would be sensitive to blockade by pretreatment with two clinically
effective analgesics, the nonsteroidal anti-inflammatory drug ketoprofen or the mu opioid
receptor agonist morphine. Effects of the kappa opioid receptor agonist U50,488H and the
kappa antagonist JDTic were also evaluated. Kappa agonists that readily cross the blood-
brain barrier to produce centrally mediated effects after systemic administration constitute
one class of drugs that produces antinociception in many conventional preclinical assays of
pain (Broadbear et al., 1994; Horan et al., 1991); however, centrally acting kappa agonists
have failed to meet safety and efficacy criteria for clinical use (Pande et al., 1996a, 1996b).
Consequently, kappa agonists exemplify the potential for “false positive” outcomes in
conventional preclinical assays of candidate analgesics (Mogil, 2009; Negus et al., 2006;
Vierck et al., 2008; Whiteside et al., 2013), and U50,488H was tested here as a negative
control. We hypothesized that U50,488H would fail to block AA-induced CPA. Conversely,
it has been suggested that negative affective components of pain may involve activation of
endogenous kappa opioid systems in limbic brain regions (Cahill et al., 2014). This
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hypothesis predicts that AA-induced CPA might be blocked by a kappa antagonist like
JDTic.

The present study also included two other components. First, the expression and
pharmacological modulation of AA-induced CPA were compared to the expression and
pharmacological modulation of the AA-induced stretching response. The stretching (or
“writhing™) response is a commonly used behavioral endpoint in studies of visceral pain
elicited by i.p. injection of AA or other chemical irritants (Koster et al., 1959). However, we
have categorized the stretching response as an example of a “pain-stimulated behavior,”
which can be defined as a behavior that increases in rate, frequency or intensity after
delivery of a noxious stimulus (Negus et al., 2010, 2006). Exclusive reliance on pain-
stimulated behaviors in preclinical research can be problematic because they are sensitive
not only to treatments that reduce sensory sensitivity to the noxious stimulus, but also to
treatments that produce motor impairment. We hypothesized that AA-induced stretching
would be blocked by ketoprofen, morphine and U50,488H but not by JDTic. Second,
ketoprofen and morphine effects on AA-induced CPA were compared to their effects on
CPA induced by lithium chloride (LiCl), a non-noxious aversive stimulus (Lett, 1985).
Insofar as LiCl-induced aversion is not thought to involve nociception, we hypothesized that
neither ketoprofen nor morphine would block LiCl-induced aversion.

2. Materials and Methods

2.1. Animals

Male adult ICR mice (20-25g) obtained from Harlan Laboratories (Indianapolis, IN) were
used throughout the study. Animals were housed in an AAALAC approved facility in groups
of four and had free access to food and water. Experiments were performed during the light
cycle and were approved by the Institutional Animal Care and Use Committee of Virginia
Commonwealth University.

2.2. Drugs
U50,488H [trans- (+) -3,4-Dichloro-N-methyl-N-[2- (1-pyrrolidinyl) cyclohexyl]
benzeneacetamide methanesulfonate salt], AA and LiCl were purchased from Sigma-
Aldrich (St. Louis, MO). Ketoprofen (100 mg/ml in distilled water with 0.25% Benzyl
alcohol) was purchased from Fort Dodge (Fort Dodge, 1A). Morphine sulfate [morphine
hemi[sulfate pentahydrate]] was supplied by the National Institute on Drug Abuse
(Washington, DC). JDTic [(3R)-7-hydroxy-N-((1S)-1-[[(3R,4R)-4-(3-hydroxyphenyl)-3,4-
dimethyl-1-piperidinylJmethyl]-2-methylpropyl)-1,2,3,4-tetrahydro-3-
isoquinolinecarboxamide], synthesized as previously described (Thomas et al., 2003), was a
generous gift from the Research Triangle Institute (Research Triangle Park, NC). The AA
was diluted with sterile water and ketoprofen working solutions were diluted with
physiological saline (0.9% sodium chloride). All other drugs were dissolved in physiological
saline and injected at a total volume of 1ml/100 g body weight unless noted otherwise. All
doses are expressed as the free base of the drug. All test drugs were injected subcutaneously
(s.c.), AA and LiCl were injected i.p.. All experiments were performed blindly to the drugs.
Test drugs were prepared by another researcher than the examiner.
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2.3. Acetic acid-induced stretching

Each mouse was placed in a Plexiglas box (29 x 19 x 13 cm each) and allowed to acclimate
for 20 min. Then, mice were treated as described below, and the number of stretches was
counted in 10-min bins for 60 min. A stretch was operationally defined as a contraction of
the abdomen followed by an extension of the hind limbs.

To evaluate AA potency, mice were treated i.p. with either sterile water as vehicle of AA or
AA (0.32-1.0%) immediately prior to the 60-min observation period. To evaluate AA time
course, mice were also treated i.p. with 1% AA 30 or 60 min prior to the 60-min observation
period. To evaluate test drug effects, mice were pretreated with s.c. saline as vehicle of test
drugs, the NSAID ketoprofen (1, 2, 4 mg/kg; 15 min pretreatment), the p-opioid receptor
agonist morphine (0.1, 0.32, 1.0, 3.2 mg/kg; 15 min pretreatment), or the k-opioid receptor
(KOR) agonist U-50488H (0.1, 0.32, 1.0, 3.2, 10 mg/kg; 10 min pretreatment) prior to i.p.
injection of 1% AA, and observation began immediately after AA injection. Each mouse
was used for only one experiment.

2.4. Acetic acid (AA) conditioned place aversion (CPA) studies

CPA was evaluated using an unbiased design as previously described (Papke et al., 2015). In
brief, separate groups of mice were handled for three days prior to initiation of conditioning.
The CPA apparatus (Med-Associates, St. Albans, VT, ENV3013) consisted of white and
black chambers (20 x 20 x 20 cm each), which differed in floor texture (white mesh and
black rod). The compartments were separated by a smaller grey chamber with a smooth
PVC floor and partitions that allowed access to the black and white compartments. The
black and white compartments also had different floor textures, and removable doors
separated the center grey compartment from the two white and black side compartments.
Experiments were conducted using a 3-day protocol. On day 1, mice were placed in the grey
center compartment for a 5 min habituation period followed by a 15 min test period to
determine baseline time spent in each compartment by removing the doors. A pre-preference
score was recorded, and mice within each group were then randomly assigned such that an
even number of mice received the experimental treatment on the black and white side. On
day 2, the doors were in place to separate the compartments, and mice were exposed to two
40-min conditioning sessions no less than 4 hr apart. Prior to one conditioning session, mice
received one of the treatments described below and were placed into either the black or
white compartment as dictated by their assignment on day 1. Prior to the other conditioning
session, mice received vehicle injections and were placed into the other compartment. On
day 3, the doors were again removed after habituation, and the day 1 procedure was
repeated.

To evaluate AA potency, mice were treated i.p. with either sterile water or AA (0.32-1.0%)
immediately prior to treatment conditioning sessions. To evaluate AA time course, mice
were also treated i.p. with 1% AA 30, 60 or 180 min prior to treatment conditioning
sessions. To evaluate test drug effects, mice were pretreated with s.c. saline as vehicle of test
drugs, ketoprofen (1, 2, 4 mg/kg; 15 min pretreatment), morphine (0.1, 0.32, 1, 3.2 mg/kg;
15 min pretreatment), or U-50488 (0.1, 0.32, 1, 3.2, 10 mg/kg; 10 min pretreatment) prior to
i.p. administration of 1% AA or sterile water as vehicle of AA, and treatment conditioning
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sessions began immediately after AA/vehicle injection. In a separate experiment, treatment
conditioning sessions were preceded first by injection of the kappa antagonist JDTic (10
mg/kg) followed after 2 hours by U-50488 (10 mg/kg) and 10 min later by 1% AA.

Test drugs were administered before acid, because the sequence of treatments is consistent
with the experimental design commonly used to assess effectiveness of test drugs to block
development of place conditioning. This experimental design permits evaluation of test drug
effectiveness to block development of place conditioning.

Data were expressed as time in seconds spent in the treatment-paired compartment post-
conditioning minus time spent in that compartment pre-conditioning. A positive number
indicated a treatment-induced place preference, whereas a negative number indicated a
treatment-induced place aversion.

2.5. Lithium chloride (LiCl) conditioned place aversion (CPA) studies

LiCI-CPA was evaluated using the same design described above with the exception that
conditioning occurred during twice-daily sessions over three days (six total conditioning
sessions), and treatment conditioning sessions were preceded by the treatments described
below. Regarding the structure of sessions across days, baseline time spent in each
compartment was determined on day 1, two 20-min conditioning sessions (one saline
conditioning session and one treatment conditioning session) were presented each day on
days 2-4, and results of conditioning were evaluated during a test session on day 5.
Regarding treatments before treatment conditioning sessions, mice received s.c. saline as
vehicle of test drugs, ketoprofen (4 mg/kg) or morphine (0.32 mg/kg) 15 min prior to i.p.
injection of 150 mg/kg LiCl or vehicle.

2.6. Statistical analysis

3. Results

Statistical analysis of all behavioral studies was performed using one-way analysis of
variance (ANOVA) with Tukey post hoc test when appropriate. The criterion for significance
was p < 0.05. ED50 values with 95% CL for behavioral data were calculated by unweighted
least-squares linear regression as described by Tallarida and Murray (Tallarida and Murray,
1987).

3.1. Acetic acid-induced stimulation of stretching and conditioned place aversion

AA produced a concentration-dependent increase in stretching. Sterile water (acid vehicle)
did not elicit stretching behavior. One-way ANOVA indicated that the number of stretches
following 0.32, 0.56 and 1% AA was significantly greater than the number of stretches
following i.p. water [F(3 20)=44.04; p<0.001] (Fig 1A) with an ED50 value of 0.54 (0.46-
0.62) mg/kg. AA also produced concentration-dependent CPA [F (3 26)=21.5; p<0.001] (Fig
1C) with an ED50 value of 0.64 (0.54-0.76) mg/kg. Aversion scores following 0.56 and 1%
AA were significantly increased relative to i.p. water. The time spent in the pretest day was:
vehicle-paired side = 341 + 16 sec and drug (AA 1%)-paired side = 343 + 15 sec. The time
spent in the post-conditioning day was: vehicle-paired side = 508 + 77 sec and drug (AA
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19%)-paired side = 199 + 33 sec. These results show that the mice did not show aversion to
the vehicle-paired chamber.

Because 1% AA produced robust stretching and place aversion, we used this concentration
to determine the time course of AA effects on stretching behavior and place aversion. Figure
1B shows number of stretches as a function of treatment interval. Treatment with 1% AA at
0 and 30 min produced significant stretching relative to control (i.p. water) [F(3 20)=358.1;
p<0.001] (Fig 1B). However, the effects of acid on stretching behavior dissipated after 60
min. Figure 1D shows CPA scores as a function of treatment interval. Treatment with 1%
AA at 0, 30 and 60 min produced significant increases in aversion scores relative to control
[F(4,35=8.469; p<0.001] (Fig 1D). The effects of AA on CPA were no longer apparent after
180 min. On the basis of these results, subsequent experiments were conducted using a 0
min treatment with 1% AA.

3.2. The effects of ketoprofen, morphine and U50,488H on AA-induced stretching

Fig. 2 shows that AA-stimulated stretching was dose-dependently blocked by ketoprofen (1-
4 mg/kg; F(3,20=64.94; p<0.001), morphine (0.32-3.2 mg/kg; F(3,20)=64.94; p<0.001), and
U50,488H (0.1-10 mg/kg; F(s30)=58.01; p<0.001). The potency of these drugs in blocking
AA-induced stretching as expressed in ED50 values are shown in Table 1. Neither saline nor
the test drugs stimulated stretching in the absence of acid treatment (data not shown).

3.3. The effects of ketoprofen, morphine and U50,488H on AA-induced CPA

Fig. 3 shows the effects of ketoprofen, morphine and U50,488H pretreatment on AA-
induced CPA (conditioned immediately after i.p. injection of 1% AA, square symbols) and
on control place preference (conditioned immediately after i.p. sterile water treatment,
triangle symbols). Ketoprofen pretreatment reversed the CPA effect of AA in a dose-
dependent manner [F (3 27)=5.692; p<0.01] (Fig 3A) but did not alter place preference or
aversion in control mice [F(3 25=0.8359; p=0.4869]. Thus, ketoprofen selectively attenuated
the AA-induced CPA.

Fig. 3B shows that morphine produced a dose-dependent reduction of AA-induced aversion
[F(4,34)=6.734; p<0.001]. Indeed, morphine pretreatment (0.32-1 mg/kg) significantly
enhanced time spent in drug-paired compartments for AA-treated mice. It is important to
note that at these doses, morphine did not induce place preference or aversion in control
mice. However, the highest dose of morphine (3.2 mg/kg) produced significant place
preference in water-treated mice [F(3 25=4.195; p<0.05].

Fig. 3C shows total time spent within U50,488H-paired side of boxes as a function of
U50,488H pretreatment dose (0.1, 0.32, 1 and 10 mg/kg). In contrast to the effects of
U50,488H in AA-induced stretching, U50,488H failed to significantly reduce AA-induced
CPA [F(3,25)=1.667; p=0.1996] (Fig 3C). U50,488H did not induce place preference or
aversion [F(2,20)=0.2651; p=0.7698] in control mice. Although there was also a trend for
U50,488H at the highest dose of 10 mg/kg to increase AA-induced CPA, this effect did not
achieve statistical significance (o= 0.71).
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The potency of ketoprofen, morphine and U50,488H in blocking AA-induced CPA as
expressed in ED50 values are shown in Table 1. While ketoprofen and morphine potencies
did not statistically differ (See = CL values in Table 1) between the two AA measures,
U50,488H completely blocked AA-induced stretching but failed to block AA-induced CPA.

3.4. The effects of JDTic on AA-induced stretching and CPA

Fig. 4 shows the effects of the selective kappa receptor antagonist JDTic (10 mg/kg) on AA-
induced stretching and CPA. One-way ANOVA indicated main effects of JDTic dose and the
associated co-treatment (saline, U50,488H) [F(3,19)=9.017; p<0.001, Fig 4A and
F(6,44=11.26; p<0.001, Fig 4B]. JDTic failed to reduce AA-induced number of stretches
(17>0.05, Fig 4A) or place aversion (£>0.05, Fig 4B). However, pretreatment of JDTic
blocked the antinociceptive effect of U50,488H (10 mg/kg) in AA-induced stretching
(0<0.001; Fig 4A). There was also a trend of U50,488H enhancing AA-induced CPA, which
JDTic attenuated.

3.5. The effect of antinociceptive test drugs on non-noxious LiCl-induced CPA

To determine if the effects of analgesic compounds on AA-CPA is specific for pain-induced
CPA or not, we tested the effects of these drugs on CPA response which produced by i.p.
injection of LiCl (150 mg/kg). LiCl (i.p. 150 mg/kg) induces place aversion due to nausea,
without visceral nociception (Lett, 1985). While LiCl did not induce stretching (number of
stretches after LiCl at 150 mg/kg = 0 £ 0), it did produce a significant aversive effect after 3
day conditioning. The overall analysis of time spent within drug-paired side of boxes
revealed a significant aversive effect for LiCl treatment [F(s 46)=8.987; p<0.001] (Fig 5). As
shown in Figure 5, active doses of ketoprofen (4 mg/kg) and morphine (0.32 mg/kg) in the
AA-CPA test were not able to reduce the LiCl-induced CPA.

4. Discussion

Since pain is an unpleasant sensory and emotional experience, it is important to evaluate the
negative affective component of pain as well as measuring the nociceptive behaviors. The
purpose of the present paper was to develop and characterize a mouse model evaluating drug
effects on an aversive behavior induced by a noxious stimulus. Our main findings were that
i.p. injection of AA induced in the mouse an aversive behavior as measured in the CPA test
in a dose- and time-dependent manner. In addition, the opioid analgesic morphine and the
NSAID ketoprofen blocked both AA-induced CPA and AA-induced stretching. Conversely,
the kappa agonist U50,488H blocked stretching but failed to block AA-induced CPA, and
the kappa antagonist JDTic failed to block either AA-induced CPA or stretching.
Furthermore, ketoprofen and morphine failed to reduce non-noxious LiCl-induced CPA,
suggesting that effects of these analgesic drugs on CPA were specific to pain-related place
aversion. Our results suggest that complementary use of procedures that measure sensory
and CPA behaviors may enhance predictive validity in translational research with candidate
analgesics.

Animal studies of pain are largely performed by measuring reflexive responses to noxious
stimuli. It has been discussed that although reflexive responses are important to investigate
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the sensory aspect of pain, the affective pain aspect is equally important though difficult to
assess due to the lack of validated animal models (Li, 2013). Recent studies showed that the
aversive aspects of pain can be assessed using a rat model of the CPA procedure.
Specifically, CPA could be elicited in rats by i.p. administration of AA or intraplantar
administration of complete Freund’s adjuvant, formalin, or carrageenan (Deyama et al.,
2007; Johansen et al., 2001; LaBuda and Fuchs, 2000; Tanimoto et al., 2003; van der Kam et
al., 2008; Wang et al., 2009). In this study, we used a CPA procedure to investigate the
affective component of pain in mice. In agreement with previous studies, i.p. AA served as a
visceral noxious stimulus that induced a significant CPA that was dose- and time-dependent.
AA also produced dose- and time-dependent stimulation of stretching in mice. The potencies
of AA to elicit CPA and stretching were similar. However, the time-course was shorter for
AA-induced stretching than for AA-induced CPA (the stretching behavior lasted for 60 min
while the aversive response lasted for 180 min). This finding agrees with a previous report
that AA was equipotent but longer lasting to depress both locomotor activity and liquid food
consumption than to stimulate stretching in mice (Stevenson et al., 2009, 2006). While many
factors could account for this discrepancy, one possible explanation is that the two measures
are mediated by different pathways. While peripheral and visceral mechanisms mediate the
stretching behavior, the central nuclei of amygdala and the anterior cingulate cortex were
reported to be key neuronal substrates underlying AA- and formalin-induced CPA in rats
(Johansen et al., 2001; Tanimoto et al., 2003; Zhang et al., 2013). Another more remote
possibility is that the post-60 min aversion could represent a time window during which the
previous pain (gone at 60 min) is still associated to a visual and/or tactile cue in the CPA
test.

Following demonstration of AA-induced CPA, we assessed the degree to which various
drugs could selectively reverse acid-induced aversion. The NSAID ketoprofen and the opioid
morphine were chosen because these two drug classes are widely used to treat moderate to
severe pain in humans and have efficacy in a broad range of rodent models of pain. The
NSAID ketoprofen and p-opiod agonist morphine dose dependently reversed the aversion
and sensory components of AA-induced visceral pain. Since drugs are applied before AA
during the conditioning phase, the decrease in aversion may result from the preventive
effects of these drugs on CPA. Examination of the dose-response curves in the two tests
suggests that the two drugs seem to have similar potency in blocking AA-induced CPA and
stretching. While the low dose of morphine (0.32 mg/kg) was able to totally block AA-CPA,
it did not cause a significant conditioned place preference (CPP) in the mouse on its own.
However, and not surprisingly for a rewarding drug, the highest dose of morphine (3.2
mg/kg) did. These findings are consistent with a previous report that found morphine to
dose-dependently reduce carrageenan-induced CPA with a minimal effective dose of 0.03
mg/Kg in the rat (van der Kam et al., 2008). In a recent study on the pain-related depression
of nesting, ketoprofen and morphine blocked the pain-related depression of nesting which
demonstrates pain-related depression is analgesic-reversible (Negus et al., 2015). Similarly,
they reversed the formalin-induced depression of intracranial self-stimulation (ICSS) that
shows morphine is effective on negative affective signs of pain (Leitl et al., 2014). In
addition, they decreased inflammation-induced decrease in voluntary wheel running in mice
(Cobos et al., 2012).
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Although ketoprofen and morphine were effective to attenuate pain-related CPA in our
study, the centrally acting kappa agonist U50,488H failed to attenuate AA-induced CPA at
doses that did block AA-induced stretching. Similarly, the other centrally acting kappa
agonists U69,593 and salvinorin A failed to block lactic acid-induced depression of ICSS in
rats at doses that blocked acid-induced stretching (Negus et al., 2012, 2010) and U69593
also failed to block lactic acid-induced depression of nesting in mice (Negus et al., 2015). It
has been reported that brain-penetrating «x-agonists caused side effects such as sedation and
dysphoria (Riviére & Junien, 2000). Insofar as centrally acting kappa agonists have also
failed to win approval for clinical treatment of pain in humans (Riviere & Junien, 2000),
these results suggest that these assays of acid-induced CPA or depression of nesting in mice,
or depression of ICSS in rats, may be useful to improve translation of preclinical to clinical
evaluation of candidate analgesic drugs.

Since pain may activate endogenous kappa signaling and that dynorphin and the kappa
system have been suggested to make a contribution to the negative affective component of
pain (Cahill et al., 2014), we therefore used JDTic as an antagonist for this receptor to
investigate possible beneficial effects on acid-induced CPA in the mouse. However, JDTic
did not block either acid-induced stretching or CPA at doses that did block behavioral effects
of U50,488H. In agreement with our results, kappa antagonists (norbinaltorphimine and
JDTic) were also ineffective in reducing acid-induced depression of ICSS in rats or nesting
in mice (Leitl et al., 2014, 2013; Negus et al., 2015). These results do not support a role for
activation of endogenous kappa opioid systems in these examples of these pain-related
aversive behaviors.

Because CPA produced by LiCl is characterized as a sickness-associated aversion and a
suitable model to assess antiemetic properties of drugs which differentiates from pain-like
effects (Frisch et al., 1995; Lett, 1985; Rinaman et al., 2009), we used LiCl-induced CPA as
a control. Finally, while ketoprofen and morphine were able to attenuate AA-induced CPA,
they failed to reduce CPA induced by the non-noxious aversive stimulus LiCl. This finding
provides further support for the selectivity of CPA in rodents for assessing an aversive
component of pain. Overall, this study characterized and validated a preclinical mouse
model of pain-related aversive behavior that can be used to assess genetic and biological
mechanisms of pain as well as improving the predictive validity of preclinical studies on
candidate analgesics.
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Highlights
. Acetic acid (AA) induced stretching and conditioned place aversion (CPA)

. AA-stretching was blocked by ketoprofen, morphine and U50,488H but not

by JDTic

. AA-CPA was blocked by ketoprofen, morphine but not by U50,488H and
JDTic

. Neither ketoprofen nor morphine blocked LiCl-induced aversion
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Figure 1. Effects of acetic acid (AA) concentration and treatment interval on acid-stimulated
stretching and acid-induced conditioned place aversion (CPA) in mice

Figure 1A shows the concentration-effect curve for intraperitoneal acetic acid (AA)-
stimulated stretching, with AA concentration (log scale) on the x-axis and the number of
stretches on the y-axis. Figure 1B shows the time course of 1% AA-stimulated stretching,
with treatment time in min between AA injection and initiation of the observation period on
the x-axis and the number of stretches on the y-axis. Figure 1C shows the concentration-
effect curve for intraperitoneal AA-induced CPA with AA concentration (log scale) on the x-
axis and the aversion score (in sec) on the y-axis. Figure 1D shows the time course of AA-
induced CPA, with the treatment time in min between AA injection and initiation of the
treatment conditioning session on the x-axis and the aversion score (in sec) on the y-axis.
Data points above “V” represent effects of sterile water (vehicle of AA) control treatment on
stretching (A,B) or aversion score (C,D), and filled symbols indicate significantly different
from water as determined by one-way ANOVA followed by Tukey’s post hoc test (0£<0.05).
Data are expressed as means + S.E.M. from 6-10 mice.
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Figure 2. The effects of ketoprofen, morphine and U50,488H on AA-induced stretching
Subcutaneous pretreatment of saline, ketoprofen (1, 2, 4 mg/kg), morphine (0.32, 1 3.2 mg/

kg), and U50,488H (0.1, 0.32, 1, 3.2, 10 mg/kg) on intraperitoneal 1% acetic acid (AA)-
induced stretching. Data point “saline” represents number of stretches following acid
administration after saline pretreatment. Data are expressed as means + S.E.M. from 6-8
mice. Filled symbols indicate significantly different from saline pretreatment as determined
by one-way ANOVA followed by Tukey’s post hoc test (p<0.05).
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Figure 3. The effects of ketoprofen, morphine and U50,488H on AA-induced CPA
Subcutaneous pretreatment of (A) ketoprofen (1, 2, 4 mg/kg), (B) morphine (0.32, 1 3.2 mg/

kg), and (C) U50,488H (0.1, 0.32, 1, 3.2, 10 mg/kg) on intraperitoneal 1% acetic acid (AA)-
induced conditioned place aversion (CPA). For each panel, the abscissa shows drug dose in
mg/kg (log scale, V=vehicle), and the ordinate shows preference score expressed as the time
spent in drug-paired side of the box. Vehicle was saline for test drugs and sterile water for
AA. “AA” represents time spent acid-induced aversion score (in sec) on test day. Data are
expressed as means = S.E.M. from 6-10 mice. Filled circles points indicate that the AA
treatment is significantly different than the V treatment. Filled triangles points indicate
significant difference from the V treatment and filled squares points indicate significant
difference from the AA treatment by one-way ANOVA followed by Tukey’s post hoc test

(p<0.05).
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Figure 4. The effects of IDTic on AA-induced stretching and CPA
The effects of subcutaneous JDTic (10 mg/kg) pretreatment to vehicle, acetic acid (AA, 1%,

intraperitoneal) and U,50488H (10 mg/kg) administrations on (A) AA-induced stretching
and (B) conditioned place aversion (CPA). Vehicle was saline for test drugs and sterile water
for AA. Data are expressed as means + S.E.M. from 5-9 mice. * indicates a significant
effect compared to correspondent vehicle by one-way ANOVA followed by Tukey’s post
hoc test (*p<0.05). #indicates a significant effect compared to U50,488H by one-way
ANOVA followed by Tukey’s post hoc test (*p<0.05).
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Figure 5. The effect of ketoprofen, morphine on non-noxious LiCl-induced CPA
Subcutaneous pretreatment of ketoprofen (4 mg/kg) and morphine (0.32 mg/kg) on

intraperitoneal lithium chloride (LiCl, 150 mg/kg)-induced conditioned place aversion
(CPA). Vehicle was saline for test drugs and LiCl. Data are expressed as means + S.E.M.
from 6-10 mice. * indicates a significant effect compared to correspondent vehicle by one-
way ANOVA followed by Tukey’s post hoc test (*p<0.05).
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