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Abstract

Pain-related functional impairment and behavioral depression are diagnostic indicators of pain and 

targets for its treatment. Nesting is an innate behavior in mice that may be sensitive to pain 

manipulations and responsive to analgesics. The goal of this study was to develop and validate a 

procedure for evaluation of pain-related depression of nesting in mice. Male ICR mice were 

individually housed and tested in their home cages. On test days, a 5cm × 5cm Nestlet™ was 

subdivided into six pieces, the pieces were evenly distributed on the cage floor, and Nestlet 

consolidation was quantified during 100-min sessions. Baseline nesting was stable within and 

between subjects, and nesting was depressed by two commonly used inflammatory pain stimuli 

[intraperitoneal injection of dilute acid; intraplantar injection of complete Freund’s adjuvant 

(CFA)]. Pain-related depression of nesting was alleviated by drugs from two classes of clinically 

effective analgesics (the nonsteroidal anti-inflammatory drug ketoprofen and the mu opioid 

receptor agonist morphine) but not by a drug from a class that has failed to yield effective 

analgesics (the centrally acting kappa opioid agonist U69,593). Neither ketoprofen nor morphine 

alleviated depression of nesting by U69,593, suggesting that ketoprofen and morphine effects 

were selective for pain-related depression of nesting. In contrast to ketoprofen and morphine, the 

kappa opioid receptor antagonist JDTic blocked depression of nesting by U69,593 but not by acid 

or CFA. These results support utility of this procedure to assess expression and treatment of pain-

related depression in mice.

INTRODUCTION

Pain is an unpleasant subjective state commonly assessed in humans with verbal reports 

[26]. However, pain is also associated with nonverbal changes in behavior that serve both as 
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diagnostic indicators of pain and as targets for its treatment. For example, pain is often 

associated with functional impairment and depression of behavior that can be assessed in 

humans with instruments such as the Brief Pain Inventory [7; 11]. Preclinical research has 

also begun to assess “pain-depressed behaviors,” which can be defined as behaviors that 

decrease in rate, frequency or intensity after delivery of a putative pain stimulus [33]. For 

example, noxious stimuli have been reported to decrease feeding [18; 43], locomotor 

activity [8; 25; 27; 44], burrowing [1; 17; 38], and positively reinforced operant responding 

in rodents [24; 30]. This work signals a growing interest in use of preclinical pain measures 

that more closely model clinical pain measures and that might improve translation of 

preclinical research on the mechanisms and treatment of pain [46]. Procedures to study pain-

related depression of behavior in mice could benefit this effort because mice are especially 

suitable for research on genetic as well as pharmacologic manipulations [12; 28].

Nest building is an innate behavior in mice that may serve as one source of useful dependent 

measures in this species [10; 14; 16]. Accordingly, the main goal of this study was to 

develop and validate a procedure for evaluation of pain-depressed nesting in mice. The 

study proceeded in three steps. First, we developed a metric of nesting that could be 

objectively quantified on a ratio scale amenable to parametric statistics [42]. Second, we 

evaluated sensitivity of nesting to depression by intraperitoneal administration of dilute acid 

and intraplantar administration of complete Freund’s adjuvant (CFA). These two noxious 

stimuli produce other pain-related behaviors that can be alleviated by the two major classes 

of clinical analgesics: nonsteroidal anti-inflammatory drugs (NSAIDs) and mu opioid 

receptor agonists [8; 25; 30]. Finally, we evaluated sensitivity of acid- and CFA-induced 

depression of nesting to treatment with the NSAID ketoprofen and the mu agonist morphine. 

The kappa opioid agonist U69,593 was evaluated as a negative control, because centrally 

acting kappa agonists often produce apparent analgesic effects in conventional preclinical 

assays, but they have not succeeded as effective analgesics in humans [32].

A secondary goal of this study was to evaluate potential antinocicetive effects of the kappa 

opioid receptor antagonist JDTic [6]. It has recently been suggested that pain-related 

depression of behavior and mood may involve activation of an endogenous kappa opioid 

system in which signaling is mediated by the endogenous opioid peptide dynorphin acting at 

kappa opioid receptors [4]. This hypothesis predicts that kappa antagonists may alleviate 

signs of pain-related behavioral depression, but recent neurochemical and behavioral studies 

from our laboratory did not support this hypothesis [21; 22]. The present study extended our 

evaluation of this hypothesis to this assay of pain-depressed nesting. Specifically, we 

evaluated effectiveness of JDTic to produce an analgesic-like blockade of acid- and CFA-

induced depression of nesting in mice.

METHODS

Subjects

Subjects were adult male ICR mice (Harlan, Frederick, MD) that were 8 weeks old and 

weighed 27–48 g upon arrival in the laboratory. Mice were individually housed in plastic 

cages (31.75 cm long × 23.50 cm wide × 15.25 cm deep) supplied with corncob bedding 

(Harlan Laboratories Item 7092), one 5 × 5 cm “Nestlet”™ composed of pressed virgin 
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cotton (Ancare, Bellmore, NY), and ad libitum access to food (Teklad LM-485 Mouse/Rat 

Diet, Harlan Laboratories Item 7012) and water. Cages were mounted in a RAIR HD 

Ventilated Rack (Lab Products, Seaford, DE) in a temperature-controlled room (21–23°C), 

and lights in the housing room were maintained on a 12-h light/dark cycle with lights on 

from 6:00 AM to 6:00 PM. Testing was conducted during the light phase (8:00 AM –4:00 

PM) and was initiated no sooner than 48hr after arrival from the vendor and assignment to a 

home cage. These methods of single housing and home-cage acclimation were employed 

because pilot studies found that nesting occurred more quickly and reliably in singly housed 

mice tested in their own home cage with familiar (≥2-day old) bedding than in single- or 

group-housed mice tested in a novel cage with fresh bedding. Mice were euthanized by CO2 

exposure followed by cervical dislocation after completion of the nesting tests described 

below. Animal-use protocols were approved by the Virginia Commonwealth University 

Institutional Animal Care and Use Committee and complied with the National Research 

Council Guide for the Care and Use of Laboratory Animals [29].

Nesting Procedure

Basic parameters of the nesting procedure were established during pilot studies conducted 

by Dr. Miller, Dr. Altarifi, and Mr. Leitl under the supervision of Dr. Negus, and results for 

these pilot studies are not shown. A new investigator (Mr. Neddenriep) was then trained to 

operate the procedure under the supervision of Drs. Altarifi and Negus, and he conducted all 

nesting studies and collected all data reported here. He was not blinded to experimental 

treatments, but as a new graduate student, he was not familiar with the pharmacology of the 

test drugs and declared no explicit expectations. On test days, home cages were removed 

from the housing rack in the animal facility and transported to a windowless procedure room 

illuminated by fluorescent ceiling lights (~500 lux at benchtop level), and mice had access to 

food and water in their home cages throughout test sessions. At the start of each test session, 

home cages containing the singly housed mice were placed on a lab bench for a 10 min 

acclimation to the testing room. Subsequently, treatments to be delivered on that day were 

administered by removing the mouse from its home cage, administering the treatment, 

immediately returning the mouse to its home cage, and replacing the cage lid. After 

expiration of the pretreatment times, each mouse was briefly (<1 min) transferred from its 

home cage to a transfer cage, any existing nest was removed from the home cage, and a new 

Nestlet was placed into the home cage. The Nestlet was cut into six roughly equal pieces 

(~1.7 × 2.5 cm), and these Nestlet pieces were placed in the cage according to the 

configuration illustrated in Figure 1. The mouse was then returned to the home cage for a 

100 min nesting period.

Noxious Stimuli and Pharmacological Treatments

Mice were randomly assigned to treatment groups of six to nine mice per group (specific 

group sizes are described below), and there were no exclusion criteria. For each 

manipulation, the goal was to manipulate treatment levels from low levels that produced no 

effect to high levels that produced a maximal effect, and effects of noxious stimuli and 

pharmacological treatments were determined as follows. First, a concentration-effect curve 

for i.p. lactic acid (0–0.32%, 5 min pretreatment) was evaluated using a within-subjects, 

repeated-measures design in a group of six mice. The sequence of lactic acid concentrations 
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was randomized using a Latin-square design, and tests were separated by at least 48 hr. 

Second, the time courses of effects produced by vehicle and 0.32% lactic acid were 

determined using pretreatment times of 5, 20 or 60 min. Different groups of six mice each 

were used for each type of injection and pretreatment time. Third, the time course of effects 

produced by intraplantar CFA was determined. On Day 0, four groups of mice were briefly 

anesthetized with isoflurane. One group received no further treatment, and the other three 

groups received bilateral intraplantar 30 µl injections of (1) vehicle in both rear paws, (2) 

CFA in one paw and vehicle in the other paw, or 3) CFA in both paws. Nesting was then 

evaluated daily on Days 1–7 after treatment. This experiment was conducted in an initial set 

of three mice for each treatment, then confirmed in a subsequent experiment with six mice 

for each treatment. Data from all nine mice receiving each treatment were grouped for 

subsequent display and analysis.

In studies with test drugs, effects of the NSAID ketoprofen (0.01–10 mg/kg), the mu opioid 

receptor agonist morphine (0.01–10 mg/kg) and the kappa opioid receptor agonist U69,593 

(0.1–1.0 mg/kg) were evaluated in mice treated with 0.32% lactic acid or unilateral CFA or 

in mice that received no other treatment. In studies with lactic acid, test drugs were 

administered 30 min before initiation of nesting, lactic acid was administered 5 min before 

nesting, and each dose of each drug was tested in a group of six mice. In studies with CFA, 

CFA was administered 24 hr before nesting, test drugs were administered 30 min before 

nesting, and each dose of each drug was tested in nine mice because of the smaller and more 

variable effects of CFA on nesting. In studies of drugs administered alone, test drugs were 

administered 30 min before nesting, and each dose of each drug was tested in six mice.

U69,593 administered alone produced a dose-dependent decrease in nesting without 

alleviating either acid- or CFA-induced depression of nesting (see Results). Consequently, 

two follow-up studies were conducted. First, ketoprofen (0.1–1.0 mg/kg) and morphine 

(0.1–1.0 mg/kg) were evaluated for their effectiveness to block U69,593-induced depression 

of nesting. For these studies, ketoprofen or morphine was administered 30 min before 

nesting, 1.0 mg/kg U69,593 was administered 15 min before nesting, and each set of 

conditions was tested in a group of six mice. Second, the kappa antagonist JDTic was 

evaluated for its effectiveness to block depression of nesting by 1.0 mg/kg U69,593, 0.32% 

lactic acid or unilateral CFA. For these studies, 20 mg/kg JDTic or its vehicle was 

administered 48 hr before nesting to accommodate the slow onset and long duration of 

selective kappa antagonist effects [6]. U69,593, lactic acid or CFA was administered 15 min, 

5 min or 24 hr before nesting, respectively, and each condition was tested in a group of eight 

mice.

Data Analysis

For the purposes of data analysis, the floor of the home cage was treated as 6 contiguous 

zones as diagrammed in Figure 1. At the start of the nesting period, all six zones contained 

one Nestlet. The first step in nest construction is consolidation of Nestlets into one region, 

and Nestlet consolidation was quantified as the number of zones cleared of their Nestlet. 

This value was always “0” at the start of the nesting period (i.e. all zones contained a 

Nestlet, no zones cleared; see Figure 1 left panel), and the maximum score was “5” (i.e. all 
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Nestlets consolidated into one zone, 5 zones cleared; see Figure 1 right panel). Data for 

“Number Zones Cleared” were averaged across mice, evaluated either by one- or two-way 

ANOVA as appropriate, and a significant ANOVA was followed by a Dunnett or Tukey 

post hoc test (Graphpad Prism 6.0f for Mac OSX; LaJolla, CA). The criterion for 

significance was p<0.05 for all analyses.

To permit calculation and comparison of test drug potencies, ED50 values and 95% 

confidence limits were calculated as follows. Drug effects on acid- and CFA-depressed 

nesting were transformed in each mouse to % Maximum Possible Effect (%MPE) using the 

equation [(Test-Baseline)/(5-Baseline)] * 100, where “Test” was the number of zones 

cleared after test drug + noxious stimulus in a given mouse, “Baseline” was the mean 

number of zones cleared by mice treated with drug vehicle + noxious stimulus, and “5” was 

the maximum possible number of zones that could be cleared. Similarly, drug effects on 

nesting in the absence of a noxious stimulus were transformed in each mouse to % 

Maximum Possible Suppression using the equation [(Baseline-Test)/Baseline] * 100, where 

“Baseline” was the mean number of zones cleared by vehicle-treated mice, and “Test” was 

the number of zones cleared after a drug dose. ED50 values and associated 95% confidence 

limits were determined by linear regression using points from the linear portion of the dose-

effect curve. In cases were a drug produced a biphasic effect (i.e. morphine in CFA-treated 

mice), the ED50 value was determined for the ascending limb of the dose-effect curve. 

ED50 values were considered to differ if 95% confidence limits did not overlap.

Drugs

Lactic acid (Sigma-Aldrich, St. Louis, MO) was diluted in sterile saline for i.p. injection. 

Complete Freund’s adjuvant (1.0 mg/ml; Sigma-Aldrich) was administered into the plantar 

aspect of the hind paw(s). Ketoprofen propionate (Spectrum Chemical Co., Gardena, CA), 

morphine sulfate and U69,593 (National Institute on Drug Abuse Drug Supply Program, 

Bethesda, MD), and JDTic ((3R)-7-Hydroxy-N-{(1S)-1-{[(3R,4R)-4-(3-

hydroxyphenyl)-3,4-dimethyl-1-piperidinyl]methyl}-2-methylpropyl}-1,2,3,4-tetrahydro-3-

isoquinoline-carboxamide; synthesized by F.I. Carroll) were dissolved in sterile saline and 

injected s.c.

RESULTS

Overview

Figure 2 shows representative photographs of selected outcomes. Figure 2A shows Nestlet 

configuration at the start of the nesting period, and Figure 2B shows Nestlet consolidation 

after 100 min in a mouse that received no treatment. The numbers of zones cleared for these 

two conditions were 0 and 5, respectively, as diagrammed in Figure 1. Figure 2C shows 

nesting after treatment with 0.32% i.p. lactic acid. Only one zone was cleared, and the 

mouse occupied the cleared region rather than a region containing consolidated Nestlets. 

This is an example of pain-related depression of nesting. Figure 2D shows nesting in a 

mouse treated with 10 mg/kg ketoprofen as a pretreatment to 0.32% i.p. lactic acid. Four 

zones were cleared, and the mouse occupied the zone with consolidated Nestlets. This is an 

example of antinociception in this procedure.

Negus et al. Page 5

Pain. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Baseline Nesting

Figure 3A shows the rate of baseline Nestlet consolidation in the absence of treatment or 

after control treatment with either i.p. saline (5 min before testing) or brief isoflurane 

anesthesia (24 hr before testing). In the absence of treatment, mice usually cleared five 

zones and consolidated all Nestlets into one zone within 30 min, and this consolidation was 

retained at 100 min. Exposure to control i.p. saline injections (−5 min) or brief isoflurane 

anesthesia (−24 hr) produced significant but small changes in rates of nesting during the first 

30 min, but all groups showed equivalent Nestlet consolidation by 100 min [2-way 

ANOVA: main effects of time (p<0.001) and treatment (p=0.016) and a significant 

interaction (p<0.001)]. Consequently, the 100 min nesting period was used for all 

subsequent studies.

Effects of Noxious Stimuli on Nesting

Figure 3B shows that i.p. administration of dilute lactic acid (0–0.32%) produced a 

concentration-dependent depression of Nestlet consolidation, and significant depression was 

observed with 0.18 and 0.32% acid (1-way ANOVA: p<0.001). A higher concentration of 

0.56% acid caused lethality in some mice and was not tested further. Figure 3C shows that 

depression of Nestlet consolidation by 0.32% acid was observed after pretreatment times of 

5 or 20 min but was no longer significant after 60 min (2-way ANOVA: main effects of 

treatment and time and a significant interaction, all p<0.001). Figure 3D shows effects of 

unilateral or bilateral intraplantar treatment with CFA (2-way ANOVA: main effects of 

treatment and time and a significant interaction, all p<0.001). After pretreatment with 

anesthesia alone or in combination with bilateral intraplantar saline, mice displayed high and 

stable levels of Nestlet consolidation throughout the seven-day testing period. Mice treated 

with either unilateral or bilateral CFA showed depressed Nestlet consolidation for up to four 

days after treatment, and there were no significant differences between unilateral and 

bilateral treatment. In view of these results, subsequent studies with test drugs were 

conducted using either (1) 0.32% i.p. lactic acid administered 5 min before testing, or (2) 

unilateral intraplantar CFA administered 24 hr before testing.

Effects of Test Drugs on Depressed Nesting

Test drugs were evaluated for their effectiveness to either (1) block acid-induced depression 

of nesting when administered as pretreatments to i.p. lactic acid, or (2) reverse CFA-induced 

depression of nesting when administered 23.5 hr after CFA but before evaluation of nesting. 

Figure 4A shows that both ketoprofen and morphine produced a dose-dependent blockade of 

acid-induced depression of nesting (1-way ANOVA, both p<0.001), whereas U69,593 had 

no significant effect. ED50 values are shown in Table 1, and morphine was significantly 

more potent than ketoprofen. Figure 4B shows that both ketoprofen and morphine also 

produced a dose-dependent reversal of CFA-induced depression of nesting (1-way ANOVA, 

both p<0.001). Ketoprofen effectiveness plateaued across a broad, 30-fold dose range (0.32–

10 mg/kg), whereas the morphine dose-effect curve displayed an inverted-U shape (peak 

effects at 0.32–1.0 mg/kg). The potencies of ketoprofen and morphine to reverse CFA-

induced depression of nesting did not differ, and ketoprofen was significantly more potent to 

reverse CFA effects than to block acid effects (Table 1). U69,593 was again without 
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significant effect. Figure 4C shows effects of ketoprofen, morphine and U69,593 on nesting 

in the absence of treatment. Ketoprofen had no significant effect on nesting at doses up to 10 

mg/kg, whereas both morphine and U69,593 dose-dependently decreased nesting (1-way 

ANOVA, both p<0.001). The potency of morphine to depress nesting was approximately 

10-fold weaker than its potency to alleviate pain-depressed nesting (Table 1). Finally, Figure 

4D shows that ketoprofen and morphine failed to alleviate U69,593-induced depression of 

nesting at doses that blocked and reversed acid- and CFA-induced depression of nesting, 

respectively.

Figure 5 shows effects of the kappa opioid antagonist JDTic (20 mg/kg) on nesting under 

various conditions. Two-way ANOVA indicated main effects of JDTic dose and the 

associated co-treatment (no treatment, U69,593, i.p. acid, or i.pl. CFA) and a significant 

interaction (all p<0.01). After pretreatment with JDTic vehicle, nesting was significantly 

depressed by 1.0 mg/kg U69,593, 0.32% i.p. acid, and unilateral i.pl. CFA. JDTic 

pretreatment did not alter control nesting and fully blocked depression of nesting by 

U69,593; however, JDTic failed to alter pain-related depression of nesting produced either 

by i.p. acid or by i.pl. CFA.

DISCUSSION

The aim of this study was to develop and validate a procedure for evaluation of pain-related 

depression of nesting in mice. The results suggest that this procedure is a simple, sensitive, 

selective, and quantitative experimental tool for research on expression and treatment of 

pain-related functional impairment and depression of behavior in mice.

Nesting as a target behavior for research on pain-depressed behavior

The present results are consistent with previous reports that nesting in mice is sensitive to 

depression by pain states and useful as a target behavior in research on pain-depressed 

behavior [10; 14; 16; 37]. In particular, nesting offers at least three advantages as a source of 

dependent measures. First, it is an innate behavior that can be evaluated in standard home-

cage environments with commonly available husbandry materials and without reliance on 

additional equipment to generate or measure behavioral endpoints. As a result, nesting is 

amenable to relatively low-cost and high-throughput evaluation of effects produced by 

experimental manipulations, including manipulations intended to model pain states. Second, 

effective nesting is an adaptive behavior that promotes self-preservation in mice [19]. As 

such, it may serve as a model for research on functional impairment of adaptive behavior by 

pain. Third, behavioral measures of nesting require little interaction between the 

experimental subject and either the experimenter or novel experimental environments that 

can modify pain-related behaviors and confound evaluation of candidate analgesics, for 

example by producing stress-induced analgesia that can interact with drug effects [3; 41].

The present study built on previous research in part by seeking to develop a procedure for 

rapid and quantitative assessment of nesting in mice. Previous research on nesting has relied 

primarily on ordinal scales of nest quality, although other more quantitative dependent 

measures have also been reported [10; 14; 16]. The procedure described here includes 

several features that contributed to stability of baseline behavior and sensitivity to noxious 
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stimuli. First, mice were individually housed with one Nestlet upon arrival in the laboratory, 

and mice were tested in their home cages no sooner than 48 hr later. This period of 

acclimation to the home cage and bedding was suitable to engender stable nesting (e.g. 

Figure 3A), and preliminary studies suggested that shorter acclimation periods or use of 

fresh bedding reduced the speed and stability of nesting (data not shown). Second, during 

test sessions, nesting material was supplied as one new Nestlet divided into six pieces and 

distributed throughout the home cage. Nestlets are convenient as a type of nesting material 

because of their low cost, widespread availability, and standardized size, content and 

consistency. The configuration of Nestlet presentation (as six distributed pieces rather than 

as a single whole Nestlet) enabled assessment of Nestlet consolidation as an early phase of 

nesting behavior that could be reliably assessed during a 100-min nesting period. Finally, 

Nestlet consolidation was scored by counting the number of zones cleared of their Nestlet 

during the nesting period. This is an objective and easily quantified variable on a ratio rather 

than ordinal scale, and it proved sensitive to the manipulations tested here and suitable for 

quantitative pharmacology. Finally, although other measures of nesting were not recorded in 

this study, the measure of Nestlet consolidation could be easily supplemented with other 

measures, such as amount of Nestlets shredded or a score for quality of an eventual nest 

[10].

The depression of nesting produced by i.p. lactic acid and i.pl. CFA is consistent with 

previous studies that reported depression by these noxious stimuli of other behaviors, 

including liquid food consumption, locomotor activity, and wheel running in mice [8; 9; 27; 

43] and burrowing, wheel running, and operant responding for electrical brain stimulation in 

rats [1; 15; 21; 22]. Nesting may be advantageous relative to these other behaviors as a 

dependent measure for studies of pain-depressed behavior for several reasons. First, it 

requires no explicit training or habituation to experimental equipment. By comparison, 

wheel running is typically assessed only after multiple days of exposure to the running 

wheel to reach stable baselines [9; 27], and operant responding for food or electrical brain 

stimulation can take several weeks to train to stability [31]. Second, it appears to be 

especially sensitive to depression by noxious stimuli. For example, nesting was depressed by 

unilateral i.pl. CFA, but bilateral CFA was required to reliably depress wheel running in 

mice [8], and even bilateral CFA produced only a weak effect on operant responding for 

electrical brain stimulation in rats [22]. Lastly, pain-related depression of nesting may be 

more sensitive than pain-related depression of some other behaviors to analgesic drugs (see 

below).

Sensitivity and selectivity of pain-depressed nesting for evaluation of candidate 
analgesics

Both the NSAID ketoprofen and the mu opioid analgesic morphine produced dose-

dependent blockade of acid-depressed nesting and reversal of CFA-depressed nesting. These 

results provide evidence for sensitivity of this procedure to the two main classes of clinically 

effective analgesics for treatment of pain associated with inflammation. These results also 

agree with other evidence for the potency and effectiveness of NSAIDs and mu agonists to 

block or reverse other examples of inflammatory pain-related depression of behavior in 

rodents [9; 25; 30]. For example, depression of wheel running induced by bilateral CFA in 
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mice was also reversed by morphine and a range of NSAIDs [8]. This nesting procedure 

may also offer enhanced sensitivity to clinically effective analgesics relative to procedures 

that target some other pain-depressed behaviors. For example, morphine was more potent 

and/or effective to block acid-induced depression of nesting in this study than to block acid-

induced depression of locomotor activity or feeding in mice [27; 43; 44].

The ineffectiveness of U69,593 to block or reverse pain-related depression of nesting 

provides evidence for the selectivity of this nesting procedure for clinically effective 

analgesic drugs. Centrally acting kappa agonists like U69,593 reliably produce 

antincoception in conventional assays that measure pain-stimulated behaviors, such as 

writhing stimulated by i.p. acid or hypersensitive withdrawal responses to thermal stimuli 

elicited by i.pl. CFA [2; 39; 40]. However, centrally acting kappa agonists have not 

succeeded as clinically effective analgesics [34; 35; 45], suggesting that apparent 

antinociception by kappa agonists in conventional preclinical procedures is a false-positive 

effect not predictive of clinical outcomes. The failure of U69,593 to produce antinociception 

in the present study agrees both with the poor clinical analgesic profile of centrally acting 

kappa agonists and with other evidence for poor effectiveness of kappa agonists to restore 

pain-depressed behaviors in preclinical studies [21; 32]. Taken together these results support 

the potential for preclinical assays of pain-depressed behavior to complement more 

conventional assays in efforts to characterize candidate analgesics and identify compounds 

with clinical potential.

The present study also used U69,593 as an experimental manipulation to depress nesting by 

a putative non-pain manipulation. The failure of either ketoprofen or morphine to block 

U69,593-induced depression of nesting provides evidence for selectivity of these drugs to 

alleviate depression of nesting by pain-related stimuli but not by non-pain stimuli.

Lack of evidence for a role of the endogenous kappa opioid system in pain-depressed 
nesting

One potential application of this assay of pain-depressed nesting is evaluation of novel 

candidate analgesics drugs, and this study examined the kappa opioid receptor antagonist 

JDTic. A growing body of research indicates that stress-induced activation of endogenous 

dynorphin/kappa opioid receptor signaling in brain may produce behavioral signs of 

depression, and kappa opioid receptor antagonists have emerged as a novel class of 

candidate antidepressant drugs [5]. It has also been suggested that this endogenous kappa 

opioid system may be activated by pain states to mediate pain-related signs of depressed 

behavior and mood [4]. Thus, while centrally acting kappa agonists have failed as clinically 

effective analgesics, it now appears that kappa antagonists are emerging as alternative 

candidates. However, the present results do not support the potential of kappa antagonists as 

analgesics, because JDTic failed to produce an analgesic-like alleviation of acid- or CFA-

induced depression of nesting at a dose that was sufficient to block depression of nesting by 

the exogenous kappa agonist U69,593. These results agree with the failure of another kappa 

antagonist, norbinaltorphimine, to block pain-related depression of intracranial self-

stimulation or of microdialysis measures of mesolimbic dopamine release in rats [21; 22]. It 

is possible that kappa antagonists may have antinociceptive efficacy under other conditions 
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or on other behavioral endpoints; however, the present and previous studies [21; 22] have 

identified a range of conditions under which clinically effective analgesics are effective to 

alleviate pain-related depression of behavior, but kappa antagonists are not.

Limitations of the present study

This manuscript reports a new approach to evaluation of pain-related depression of nesting 

in mice. Although we have been able to replicate and systematically extend key aspects of 

the procedure in our laboratory, nesting is subject to many independent variables that were 

not explicitly manipulated here (e.g. sex, strain, source and age of mice [20; 37]; single- vs. 

group-housing [23; 37]; environmental conditions [13]; neuropathic rather than 

inflammatory pain stimuli [36]). Future studies will be required to investigate the roles of 

these and other independent variables as determinants of Nestlet consolidation.
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Figure 1. 
Diagram of Nestlet configuration in the home cage before nesting (left, 0 minutes) and the 

typical location of nesting material after 100 min (right, 100 min). For purposes of data 

analysis, the floor space of the home cage was treated as six contiguous zones, and dotted 

lines show the boundaries between zones. A Nestlet was placed into each zone at the start of 

the nesting period (location indicated by white rectangles), and untreated mice typically 

consolidated these Nestlets into one zone and began to shred the Nestlets into a fluffier 

consistency (location indicated by white cloud shape). The primary dependent measure was 

“Number of Zones Cleared” of its Nestlet. At the start of the nesting period, 0 zones were 

cleared. After 100 min, untreated mice usually cleared 5 zones, as indicated by the numbers 

in empty zones in the right diagram.
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Figure 2. 
Photographs of Nestlet configurations under different treatment conditions. Panels A and B 

show Nestlet configuration before and 100 min after nesting by untreated mice, and “Zones 

Cleared” scores were 0 and 5, respectively. These panels are analogous to the diagrams in 

Figure 1. Note that mice have been habituated to the cage and bedding for 48 hr before 

testing, and consequently, bedding contains fecal pellets. Panels C and D show Nestlet 

configuration after treatment with 0.32% i.p. lactic acid alone (C) or after pretreatment with 

10 mg/kg ketoprofen (D), and “Zones Cleared” scores were 1 and 4 in these examples.
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Figure 3. 
Nest consolidation under control conditions and after treatment with noxious stimuli. Panel 

A shows Number of Zones Cleared from 1 to 100 min after no treatment (N=8) or after 

control treatments for noxious stimuli (i.p. saline administered 5 min before nesting, N=12; 

brief isolflurane anesthesia 24 hr before nesting, N=9). Treatment was a between-subjects 

factor, and time was a within-subjects factor. Filled points indicate significantly different 

from “No Treatment” at a given time point (p<0.05 for this and all other post hoc 

comparisons after a significant 1- or 2-way ANOVA). Panel B shows effects of i.p. lactic 

acid concentration (0–0.32%, N=6). Acid concentration was a within-subjects factor, such 

that all mice received all acid concentrations. Filled points indicate significantly different 

from saline treatment (Sal). Panel C shows the time course of effects produced by i.p. saline 

or 0.32% lactic acid (LA). Both treatment and time were between-subjects factors, and N=6 

for conditions. Filled points indicate significantly different from saline at a given time point. 
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Panel D shows the time course of effects produced by anesthesia alone or anesthesia in 

combination with bilateral intraplantar saline, unilateral CFA (with saline injected in the 

opposite paw), or bilateral CFA. Treatment was a between-subjects factor and time was a 

within-subjects factor, and N=9 for all conditions. Filled points indicate significantly 

different from the anesthesia only control at a given time point.
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Figure 4. 
Effects of ketoprofen, morphine and U69,593 on nesting depressed by i.p. treatment with 

0.32% lactic acid (Panel A), nesting depressed by unilateral I.pl. treatment with CFA (Panel 

B), or control nesting in the absence of any other treatment (Panel C). Panel D shows effects 

of ketoprofen and morphine on nesting depressed by treatment with U69,593. For each 

panel, the abscissa shows drug dose in mg/kg (log scale, V=vehicle), and the ordinate shows 

nesting expressed as Number of Zones Cleared. Different groups of 6–9 mice were used to 

determine each point. Filled points indicate significantly different from the associated 

vehicle treatment for that drug under that condition as determined by a significant 1-way 

ANOVA followed by the Dunnett’s post hoc test (p<0.05).
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Figure 5. 
Effects of the kappa opioid receptor antagonist JDTic (20 mg/kg) on control nesting or 

nesting depressed by U69,593, i.p. acid, or i.pl. CFA. Treatments are shown on the abscissa, 

and the ordinate shows nesting expressed as Number of Zones Cleared. Data were analyzed 

by two-way ANOVA followed by the Tukey post hoc test. Asterisks indicate a significant 

effect of JDTic dose within a given depression stimulus: ** p<0.01. Number signs indicate a 

significant effect of the depression stimulus within a given JDTic dose: # p<0.05, ## p<0.01.
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TABLE 1

ED50 values in mg/kg (95% CL) of ketoprofen, morphine and U69,593 to alter nesting under the conditions 

shown.

Acid-Depressed CFA-Depressed Control U69,593-Depressed

Drug Nesting Nesting Nesting Nesting

Ketoprofen 2.05 (1.46–2.89) 0.18 (0.10–0.34) Inactive Inactive

Morphine 0.72 (0.52–1.00) 0.38 (0.22–0.65) 5.37 (4.48–6.45) Inactive

U69,593 Inactive Inactive 0.55 (0.36–0.83) Not Tested
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