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Abstract
Rationale/Objectives—Prior studies using a dual-choice conditioned place preference (CPP)
procedure revealed that postpartum female rats (dams) strongly prefer chambers associated with pups
over those associated with subcutaneously administered cocaine almost exclusively during early but
not late postpartum (Mattson et al. 2001). The present study examines whether early postpartum
dams retain strong pup-associated chamber preference when contrasted with a cocaine stimulus of
greater incentive salience (intraperitoneal [IP] injections with brief conditioning sessions).
Locomotor rate was measured during conditioning (stimuli-present) and test (stimulus-absent)
sessions.

Materials and methods—A three-chambered CPP apparatus was used to compare preferences
for chambers associated with IP cocaine vs age-matched pups. Unconditioned stimuli were
systematically assigned to the least-preferred chamber of separate groups of dams before
conditioning. Control dams verified that unconditioned stimuli were necessary for CPP and stimulus-
associated locomotion.

Results—Compared with most late postpartum dams (60%), only 31% of early postpartum dams
preferred the cocaine-associated chamber (P<0.05). Substantially more dams preferred the pup-
associated chamber during early postpartum (27%) than late postpartum (5%; P<0.05). Locomotor
sensitization emerged across cocaine-conditioning sessions in cocaine-preferring but not pup-
preferring dams (P<0.05). Locomotor rates were consistently lower in preferred vs nonpreferred
chambers during test.

Conclusions—After increasing cocaine's incentive salience, more early postpartum dams prefer
the cocaine-associated chamber than previously reported (Mattson et al. 2001). However, pup-
associated chamber preference was still higher in early vs late postpartum. Pup- and cocaine-
preferring dams expressed differences in the induction phase of locomotor sensitization across
cocaine conditioning but expressed similar motoric patterns in their preferred chambers at test.
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Introduction
Our previous work used a dual-choice conditioned place preference (CPP) procedure to
contrast preference for chambers associated with pups vs subcutaneously (SC) administered
cocaine in the postpartum female rat (dam). While most dams tested during late postpartum
(day 16) preferred the cocaine-associated chamber, most dams tested during early postpartum
(day 8) strongly preferred the pup-associated chamber (Mattson et al. 2001). To assess cocaine's
absolute reward value in early postpartum, independent of the pup contrast, subsequent CPP
studies compared dams' preference for cocaine- vs saline-associated chambers (Wansaw et al.
2003a; Seip et al. 2005). While SC cocaine elicited only moderate chamber preference in both
postpartum groups, intraperitoneally (IP) administered cocaine (tested over a range of doses
and conditioning lengths) elicited strong chamber preference equally in early and late
postpartum.

These recent data led us to question whether early postpartum dams would continue to prefer
the pup-associated chamber over a cocaine-associated chamber when the perceptual and
motivational properties contributing to cocaine's incentive salience (i.e., route of administration
and conditioning session length) were manipulated to enhance cocaine's attractiveness
(Robinson and Berridge 1993; Berridge and Robinson 1998; Salamone and Correa 2002). The
present study uses dual-choice CPP to assess the strength of pup-associated chamber preference
in early and late postpartum dams when contrasted with a chamber associated with a cocaine
stimulus of high incentive salience (IP cocaine with short conditioning sessions).

The reward value of cocaine has been well-established in animal models (Pickens and
Thompson 1968; Nomikos and Spyraki 1988; Johanson and Fischman 1989; Mayer and Parker
1993; Durazzo et al. 1994; Russo et al. 2003a, b) and human studies (Javaid et al. 1978; Verebey
and Gold 1988; Gawin 1991; Volkow et al. 2000; Nelson et al. 2006). While cocaine's reward
value is relatively unexplored across postpartum, early postpartum dams bar-press for cocaine
at lower rates than virgin females (Hecht et al. 1999). Together with previous CPP work
(Mattson et al. 2001), evidence suggests that early postpartum dams may be in a unique state
of reward responsivity during which cocaine's incentive salience is actively challenged by pups.

The incentive salience or reward value of a drug can be materially altered by the route of
administration (Nomikos and Spyraki 1988; Mayer and Parker 1993; Durazzo et al. 1994;
Busse et al. 2005). Chamber preference associated with IP cocaine is well established (Mayer
and Parker 1993; Durazzo et al. 1994; Bardo et al. 1995; Russo et al. 2003b) and can be stronger
than preference associated with SC cocaine (Mayer and Parker 1993; Bardo et al. 1995). While
concentrations of drug in the blood and/or brain may be one of many components mediating
drug reward, the extremely rapid increase in concentrations of drug in plasma and/or brain after
IP administration (Lau et al. 1991; Festa et al. 2004) compared to SC administration (Vernotica
and Morrell 1998; Wansaw et al. 2005) is considered to elicit greater incentive salience, in
accord with human subjective reports (Javaid et al. 1978; de Wit et al. 1992; Kollins et al.
1998).

Because of the importance of rapidly increasing plasma concentrations of drug after
administration, the length of drug-conditioning sessions can be a critical variable in CPP
procedures (Cunningham and Prather 1992; Mayer and Parker 1993; Bardo et al. 1995;
Tzschentke 1998; Seip et al. 2005). Compared to shorter sessions, longer sessions that include
falling concentrations of the drug can even elicit place aversion responses (Cunningham and
Prather 1992). The present study thus uses 30-min IP cocaine-conditioning sessions to
maximize chamber exposure during peak plasma concentrations of the drug (Lau et al. 1991;
Festa et al. 2004).
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Pups, the second unconditioned stimulus used in the present study, can be uniquely and highly
rewarding to the postpartum dam (Wilsoncroft 1969; Hauser and Gandelman 1985; Fleming
et al. 1994; Magnusson and Fleming 1995; Lee et al. 2000; Wansaw et al. 2003b; Ferris et al.
2005). Early postpartum dams prefer chambers paired with pups over pup-sized neutral rubber
objects after just 15 min of deprivation from their pups (Wansaw et al. 2003b) and voluntarily
stay in the nest for the longest periods of time (Grota and Ader 1969, 1974; Ader and Grota
1970; Stern and Keer 2002); in contrast, late postpartum dams strongly prefer chambers paired
with alternative nonpup stimuli, even after 12 h of pup deprivation, and leave their pups for
increasingly longer intervals. While extending the length of pup deprivation before
conditioning dramatically increases pups' incentive salience even to late postpartum dams (23
h, Fleming et al. 1994; 22 h, Wansaw et al. 2003b), the present study deprives dams of pups
for 2 h before conditioning to exploit the naturally prominent differences in maternal
motivation between early and late postpartum. As longer pup-conditioning session lengths
elicit stronger pup-associated CPP (Fleming et al. 1994), pup-conditioning session lengths of
2 h were chosen to allow dams' full expression of pup-directed maternal behaviors and repeated
bouts of nursing (Mattson et al. 2001, 2003).

Control dams were conditioned and tested in an identical procedure, except that pups and
cocaine were not present in conditioning chambers. Controls were used to confirm that pup
and cocaine stimuli but not conditioning lengths (2 h vs 30 min) elicited CPP.

The present study uses a custom-designed place preference apparatus composed of three equal-
sized chambers. This study also incorporates useful features of both biased and unbiased
methods of stimulus-chamber assignment (Bardo et al. 1995; Tzschentke 1998), to further
challenge the strength of each stimulus-associated preference. After a preconditioning baseline
session, dams were either categorized as lacking chamber preference or as preferring one of
the three apparatus chambers. Dams exhibiting a pre-existing chamber preference were
assigned to receive either pups or cocaine in the opposite, least-preferred chamber for
conditioning, so that postconditioning preference for that chamber would require a substantial
increase in time spent in the chamber against which they were “biased” (Nomikos and Spyraki
1988; Calcagnetti and Schechter 1993; Campbell et al. 2000; Cunningham et al. 2003; Le Foll
and Goldberg 2005). Dams that lacked chamber preference were randomly assigned to receive
each stimulus in one of the conditioning chambers. As each resulting stimulus-assignment
group included both dams exhibiting and lacking pre-existing preference, expression of a
postconditioning preference for each stimulus-associated chamber required a substantial
increase in chamber time in at least half of the dams.

Locomotor rates were recorded during cocaine- and pup-conditioning (stimulus-present)
sessions to confirm increased locomotion after cocaine injections and to explore how pups may
affect dams' locomotion in the CPP chamber; to our knowledge, the latter is a novel contribution
to CPP literature. Locomotion during the postconditioning session characterized locomotion
in the absence of both pups and cocaine, as yet unreported using dual-choice CPP.

Materials and methods
Animals

Subjects (n=57) were postpartum female Sprague–Dawley rats (aged 90–120 days) of stock
originally obtained from Charles River Laboratories (Wilmington, MA) and raised in the
Laboratory Animal Facility at Rutgers University (Newark, NJ) accredited by the American
Association for Accreditation of Laboratory Animal Care. All procedures comply with
“Principles of laboratory animal care” and “Guidelines for the Care and Use of Mammals in
Neuroscience and Behavioral Research” (National Research Council 2003). Females were
individually housed in opaque shoebox cages (25.5 cm width×47 cm length×23 cm height)
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with woodchip bedding and food and water ad libitum and were maintained on a 12 h–12 h
light–dark cycle with lights on at 07:00. All females were nulliparous before mating and
remained healthy across pregnancy, parturition, and the entire experiment. After parturition,
dams and pups were undisturbed for 24 h; all litters were comingled on the day before the
procedure began, and eight pups were redistributed as each dam's home cage litter. Details are
in Mattson et al. 2001.

Experimental groups of early (n=26) and late (n=20) postpartum dams were exposed to
unconditioned stimuli (pups and cocaine) during conditioning between postpartum days 4–7
or 12–15 and tested on day 8 or 16, respectively. Control dams (early n=6; late n=5) were
similarly conditioned and tested but were not exposed to unconditioned stimuli during
conditioning.

Experimental procedure
Apparatus—The CPP apparatus consisted of three lidded clear Plexiglas chambers custom
designed to be of equal size (27.5 cm width×21 cm length×20.5 cm height). The center chamber
not only acted as a passageway but as a neutral alternative space to the two stimulus-associated
side chambers to prevent postconditioning preferences based on forced choice (Seip et al.
2006a, b). Center chamber time is thus considered fully in all primary analyses, before
comparisons specific to the stimulus-associated side chambers.

Each side chamber contained unique contextual cues of wallpaper (horizontal or vertical black-
and-white stripes) and tactile flooring, either small paper squares (ALPHA-dri, Shepherd
Specialty Papers, Kalamazoo, MI) or small corn cobs (Bed-o'cobs, The Andersons, Maumee,
OH) scattered on solid gray floors. The center chamber had white wallpaper and a solid gray
floor. Chambers were connected by manually operated guillotine doors, which could be closed.
Luminance (Konica Minolta Luminance Meter LS-100, Japan) was equal in each side chamber.

Five infrared beams traversed the floor of each chamber. Beam breaks made by the dam's body
were recorded using an automated interface (Med Associates, St. Albans, VT) configured using
MED-PC® Version IV Research Control and Data Acquisition System. Beam breaks recorded
the dam's time in each chamber. Locomotor activity was defined operationally as new beam
breaks; repeated breaks of the same beam were excluded from analysis. Locomotor activity
could not be measured in the center chamber because of the manufacturer's limitations.

Preconditioning baseline session—Each dam was exposed to the apparatus for a single
baseline session before conditioning, either on day 1 (early) or 9 (late). Each dam was placed
into the center chamber and allowed to freely access all three chambers for 60 min.

Conditioning phase—Experimental dams were separately confined to each cue-associated
side chamber containing one of two unconditioned stimuli, pups or cocaine, once a day for 4
consecutive days. Control dams did not receive unconditioned stimuli during equivalent
chamber exposures. Daily ordering of pup- and cocaine-conditioning trials did not affect CPP
(Mattson et al. 2001, 2003). The cocaine-conditioning session was last each day, ensuring at
least 12 h for residual cocaine to clear from dams' circulation before the next pup-conditioning
session.

Pups—Pups were 4–7 or 12–15 days old, age-matched to the early and late postpartum dams,
respectively. Two hours before each pup-conditioning session, pups were removed from each
dam's home cage and placed into an adjacent cage so that dams were unable to see or physically
interact with pups but were exposed to pups' auditory and olfactory stimuli. Pups were
demanding of maternal care immediately before pup-conditioning (Pereira and Ferreira
2006). Dams were confined to a side chamber containing five pups for 2 h, starting at 10:00.
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Cocaine—No pup deprivation preceded cocaine conditioning, eliminating potential
deprivation-related confounds associated with the noncocaine stimulus. Cocaine hydrochloride
in highly purified powdered form was obtained from the National Institute of Drug Abuse
(Research Triangle Park, NC) and injected IP (10 mg/kg in 0.9% saline) into each dam. Dams
were immediately confined to the opposite side chamber for 30 min, starting at 15:00. Cocaine
did not produce pathology, confirmed by postmortem examination of the peritoneal cavity.

Postconditioning test session—Dams were tested for CPP on the day after the final
conditioning session, either postpartum day 8 or 16. Dams were placed into the center chamber
and allowed to freely access all three chambers for 60 min. No unconditioned stimuli were
present.

Analyses and statistics
Statistical analyses were performed using SAS for Windows (Version 9.1; SAS Institute, Cary,
NC; Cody and Smith 1997) or manually (Siegel 1956; Bruning and Kintz 1987), with P<0.05
as the significance level. Nonparametric tests were used when necessary. Preference data are
presented as proportions of a population. Chamber times (minutes) and locomotor scores are
presented as means and standard errors of the mean.

Conditioned place preference—The time spent in each chamber (chamber time) during
pre- and postconditioning sessions was used to identify each dam's chamber preference
(Mattson et al. 2001, 2003). Dams that spent at least 30 min in one chamber and 25% more
time in that chamber than in other chambers were categorized as preferring that chamber. Dams
that spent equal amounts of time in each chamber were categorized as lacking preference. Four
preference categories resulted: preference for the left, center, or right chamber or no preference.
Chamber times were also averaged across all preference categories to represent the entire
population.

Within-group comparisons—Empirical preconditioning preferences were compared to
theoretical preferences distributed equally among all preference categories (25:25:25:25),
using a Chi-squared goodness-of-fit test for specified proportions. Empirical pre- and
postconditioning preferences were then compared using another Chi-squared goodness-of-fit
test, followed by one-tailed tests for significance of a proportion. Pre- and postconditioning
times were compared with a two-way analysis of variance (ANOVA; chamber and session as
repeated measures) and select paired t tests or a one-way ANOVA (chamber as repeated) and
Tukey's honestly significant difference post-hoc tests.

Between-group comparisons—Preferences were compared using Fisher's exact tests or
one-tailed tests for significance of difference between two proportions. Times were compared
with a two-way ANOVA (chamber as repeated) and select independent t tests.

Preconditioning chamber preferences and times—Most early (38%) and late (70%)
postpartum dams lacked preconditioning chamber preference. Dams exhibiting a preference
were similarly distributed across left (early 35%, late 15%), center (15%, 5%), and right (12%,
10%) preference categories. These empirical preferences differed from a theoretical
distribution (χ2 [3, N=46]=20.96, P<0.0001). Chamber preferences and times were similar
across postpartum and grouped for presentation (Fig. 1a, b). Side chamber times were equal,
with center time slightly less than left (F[2, 90]=5.01, P<0.01; Tukey, P<0.05). Data verify
the apparatus' relative neutrality.

Assignment of unconditioned stimuli to conditioning chambers—Dams lacking
preconditioning chamber preference were randomly assigned to receive either pups or cocaine
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in each side chamber for conditioning. Dams exhibiting a preference were assigned to receive
pups (early n=8, late n=4) or cocaine (early n=8, late n=2) in their least-preferred side chamber
for conditioning. Importantly, both dams that lacked and expressed preconditioning preference
were included in each final stimulus-assignment group, in which either pups (early n=16, late
n=12; Figs. 2a and 3a) or cocaine (early n=10, late n=8; Figs. 2b and 3b) had been assigned to
the least-preferred side chamber in a strong subset of dams.

Locomotion—New beam breaks in each side chamber were summed during the
postconditioning session and divided by chamber time to produce a locomotor score (rate) for
each chamber. To equate conditioning sessions of unequal length (30 min vs 2 h), beam breaks
during the first 30 min of each conditioning session were divided by 30 min. Conditioning
scores thus represent the entire cocaine-conditioning session and the first quarter of the pup-
conditioning session. During the remainder of the pup-conditioning session, dams were
typically nursing or crouching over their pups; scores did not change after the first 30 min (see
Feigley et al. 1972; Roth and Katz 1979).

Locomotor scores were separated by dams' chamber preference. Scores were similar across
postpartum and grouped (Picazo and Fernandez-Guasti 1993; Wansaw et al. 2005). Scores
from cocaine-preferring (n=20) and pup-preferring dams (n=8) were analyzed; dams preferring
the center or lacking preference were excluded. All control dams' scores were analyzed.

Locomotor scores during conditioning were compared between groups using two-way
ANOVAs (day and chamber as repeated measures) and within groups using one-way ANOVAs
(chamber as repeated measure). Postconditioning scores from all groups were compared using
a one-way ANOVA (group as repeated measure). ANOVAs were followed by Tukey's HSD
tests.

Results
Conditioned place preference

Evidence of conditioning—Preconditioning chamber preferences (Fig. 2a,b) and times
(Fig. 3a,b) were compared to those of postconditioning (Figs. 2c and 3c, respectively), to
provide evidence of conditioning in each postpartum and stimulus-chamber assignment group.

In early postpartum, pre- and postconditioning preferences and times differed substantially in
groups where pups (χ2[3, N=16]=27.57, P<0.0001; chamber×session interaction, P>0.05) and
cocaine (χ2[3, N=10]=86.59; chamber×session interaction, F[2, 18]=3.65; both P<0.05) had
been assigned to the least-preferred chamber (Figs. 2, 3). Across both groups, most (60%) early
postpartum dams preferred either the pup- or cocaine-associated chamber after conditioning.
More dams for which pups had been least preferred exhibited pup-associated chamber
preference after conditioning (z=−2.16, P<0.05), while more dams for which cocaine had been
least-preferred exhibited cocaine-associated chamber preference (z=−2.46, P<0.05). Neither
pup-nor cocaine-associated chamber times differed after conditioning because of the relatively
bimodal distribution of dams preferring these chambers in postconditioning.

In late postpartum dams, chamber preferences and chamber times also differed after
conditioning, both when pups (χ2[3, N=12]=10.08; chamber×session interaction, F[2, 22]
=5.49; both P<0.05) and cocaine (χ2[3, N=8]=194.56; chamber×session interaction, F[2, 14]
=4.18; both P<0.05) had been assigned to the least-preferred chamber (Figs. 2, 3). More dams
preferred the cocaine-associated chamber in postconditioning, both when pups (z=2.06,
P<0.05) and even cocaine (z=−3.26, P<0.05) had been least preferred. Few dams preferred the
pup-associated chamber; dams collectively spent less time in that chamber in postconditioning,
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even when time was already low (t[12]=3.18, P<0.01; cocaine in least-preferred, t(8)=−2.17,
P=0.067).

Within each postpartum group, preconditioning stimulus-chamber assignment groups
produced similar postconditioning preferences and times and were grouped for further analysis.

Comparison of early and late postpartum dams—More dams preferred the cocaine-
associated chamber in late postpartum (60%) than in early postpartum (31%; z=2.28, P<0.05),
while more dams preferred the pup-associated chamber in early postpartum (27%) than in late
postpartum (5%; z=−1.95, P<0.05; Fig. 2c). Overall time in the pup-associated chamber was
greater in early vs late postpartum (group×chamber interaction, F[2, 88]=5.63, P<0.01; Tukey,
P<0.05; Fig. 3c). Overall time spent in the cocaine-associated chamber was substantially higher
in late vs early postpartum. Late postpartum dams also spent more time in the cocaine- than
pup-associated chamber (t[20]=−4.11, P<0.001); this difference was not seen in early
postpartum.

Locomotion
Conditioning—During cocaine-conditioning, locomotor scores of dams exhibiting pup- or
cocaine-associated chamber preference (pup- and cocaine-preferring dams, respectively) were
significantly higher than those of control dams (cocaine-preferring: main group effect, F[1,
29]=17.73, group×day interaction, F[3, 87]=5.82, both P<0.01; pup-preferring: main group
effect, F[1, 17]=22.24, P<0.001; group×day interaction, F[3, 51]=2.64, P=0.059; all Tukey,
P<0.05; Fig. 4a). Across conditioning, scores increased in cocaine-preferring dams (F[3, 57]
=8.11, P<0.001; Tukey, P<0.05), did not change in pup-preferring dams, and decreased in
control dams (F[3, 30]=6.06, P<0.01; Tukey, P<0.05); see Fig. 4a for details.

On select pup-conditioning days, scores of cocaine- and pup-preferring dams were higher than
those of control dams (cocaine-preferring: main group effect, F[1, 29]=15.12, P<0.001; Tukey,
P<0.05; pup-preferring: group×day interaction, F[3, 51]=2.90, P<0.05; Tukey, P<0.05); see
Fig. 4c for details. Scores were lower in pup- than cocaine-preferring dams on the first two
conditioning days (main group effect, F[1, 26]=8.05, P<0.01; Tukey, P<0.05). Across
conditioning, scores decreased in cocaine-preferring (F[3, 570=10.45, P<0.0001; Tukey,
P<0.05) and control dams (F[3, 30]=16.19, P<0.0001; Tukey, P<0.05) but not pup-preferring
dams.

Postconditioning session—In the cocaine-associated chamber, scores were substantially
lower in cocaine-preferring dams than both pup-preferring and control dams (F[2, 36]=11.36,
P<0.001; Tukey, P<0.05; Fig. 4b). Similarly, in the pup-associated chamber, scores were
significantly lower in pup-preferring dams than cocaine-preferring and control dams (F[2, 36]
=6.29, P<0.01; Tukey: P<0.05; Fig. 4d). Scores were consistently lower in dams' preferred vs
nonpreferred chamber (cocaine-preferring: t[20]=5.68; pup-preferring: t[8]=−2.93; both
P<0.05); the latter of which did not differ from controls. Controls' scores were equal in each
side chamber.

Control group
Preconditioning session—Chamber preferences and times did not differ across
postpartum and were grouped. Most (64%) control dams lacked pre-existing chamber
preference; the remaining dams preferred the center chamber (Fig. 5a); thus, dams responded
differently than an equal theoretical distribution (χ2[3, N=11]=12.02, P<0.01). Side chamber
times were equal and lower than in the center chamber (F[2, 20]=4.21, P<0.05; Tukey, P<0.05;
Fig. 5b). Session lengths of 2 h or 30 min were randomly assigned to side chambers for
conditioning.
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Postconditioning session—Postconditioning preferences and times did not differ across
postpartum and were grouped. There was no conditioned effect for either side chamber. A few
more dams preferred the center chamber, and one dam preferred the empty side chamber paired
with the cocaine-conditioning length (30 min; χ2[2, N=11]=363.02, P<0.0001; Fig. 5a). Side
chamber times remained equal and, in the empty side chamber paired with pup-conditioning
length (2 h), lower than the center chamber (F[2, 20]=4.63, P<0.05; Tukey, P<0.05; Fig. 5b).

Discussion
Conditioned place preference

We have increased the incentive salience of cocaine, one of two stimuli presented in this relative
reinforcement procedure, to challenge the strength of maternal motivation previously reported
in early postpartum dams (Mattson et al. 2001). The present study reveals a novel difference
in the strength of maternal motivation in two distinct groups of early postpartum dams. A
considerable proportion of early postpartum dams retain strong pup-associated preference
when contrasted with a cocaine stimulus of considerable incentive salience; this group of
maternally motivated dams is found exclusively in early but not late postpartum. The present
study also reveals a novel subset of cocaine-preferring early postpartum dams, for which the
relative reward value of pups was selectively compromised. The bimodal distribution of early
postpartum dams' stimulus-associated preferences contrasts sharply with the almost-exclusive
preference for the cocaine-associated chamber characterizing late postpartum. Results reveal
not only that maternal motivation wanes as the postpartum period progresses but that the strong
maternal motivation characterizing early postpartum may be compromised in a subset of dams
if pups are presented alongside an alternate stimulus eliciting strong incentive salience.

The dual-choice nature of the present study addresses the relative reinforcement value of both
stimuli (Flaherty 1996), which describes a dynamic component of the unique reward state of
postpartum. Recent work from our lab reveals that in absolute comparisons, most early and
late postpartum dams strongly prefer IP cocaine over saline (Wansaw et al. 2003a; Seip et al.
2005). In the relative comparison of the present study, however, less than half of the early
postpartum dams preferred the same IP cocaine stimulus over pups, while most late postpartum
dams still preferred IP cocaine. While pups may present an attractive alternative to the incentive
salience of cocaine exclusively in early postpartum, some early postpartum dams remain
vulnerable to increasingly salient cocaine stimuli: nearly three times as many (31%) dams
preferred IP cocaine over pups than preferred SC cocaine over pups (11%; Mattson et al.
2001). While relative preference for IP cocaine in early postpartum dams was still substantially
lower than in absolute comparisons, late postpartum dams' preference remained consistently
high despite administration route or contrasting stimulus' identity (Wansaw et al. 2003a).

As expected, control dams did not express meaningful preference for either side chamber,
confirming that unconditioned stimuli, not conditioning session length, produced substantial
side chamber preferences. Many controls' center chamber preferences at postconditioning may
be attributable to a novelty-induced preference (Bardo et al. 1989; Klebaur and Bardo 1999).

Intentional stimulus-chamber assignments after the preconditioning session revealed strong
conditioning effects to pup and cocaine stimuli within independent groups of experimental
dams, as expected (Nomikos and Spyraki 1988; Calcagnetti and Schechter 1993; Cunningham
et al. 2003; Le Foll and Goldberg 2005). The few center-preferring experimental dams clarify
that pup- and cocaine-preferring dams were not exhibiting side chamber preference because
of a forced choice, validating use of the three-chambered apparatus.

Endocrinological changes across the postpartum period may importantly contribute to the
incentive salience of pups to the postpartum dam. Early postpartum, the period of strongest
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overall maternal motivation (Mattson et al. 2001; Wansaw et al. 2003b), is characterized by
relatively low levels of estrogen (E), increasing levels of progesterone (P), and high levels of
prolactin compared to late postpartum (Grota and Eik-Nes 1967; Smith and Neill 1977; Taya
and Greenwald 1982). As the postpartum period progresses, rising E, decreasing P, and
strikingly reduced prolactin gradually return to levels of a cycling female (Grota and Eik-Nes
1967; Smith and Neill 1977; Taya and Greenwald 1982), coinciding with substantially
decreased maternal motivation. While these changes occur over a period of days, the two
postpartum time points examined in the present study represent fundamentally different
endocrinological states that may contribute substantially to the expression of pup-associated
chamber preference. While E and P are necessary for maternal motivation in ovariectomized
virgin female rats (Fleming et al. 1994), however, a contingent relationship between endocrine
levels and maternal motivation has yet to be demonstrated in the postpartum female. Further,
it remains to be determined whether these endocrinological substrates are distinct from or
overlap with those mediating cocaine's reward value (Hecht et al. 1999; Russo et al. 2003a;
Carroll et al. 2004; Jackson et al. 2006).

Other nonendocrinological, stimulus-bound properties may also contribute to maternal
motivation. While the present study used age-matched pups to mimic the stimuli present in the
dam's natural environment, changing physical characteristics accompanying normal pup
development may include properties that elicit less incentive salience and thus evoke less
maternal motivation. Pups' increasing size and functional capacity coincides with a dramatic
reduction in maternal behavior (Bridges et al. 1972; Reisbick et al. 1975; Stern and Mackinnon
1978), while young pups increase the frequency and quality of maternal behavior (Noirot
1964a, b, 1965; Stern and Mackinnon 1978) and activate dopaminergic reward circuits in the
brain (Ferris et al. 2005). However, maternal behavior and motivation do not covary in the
postpartum dam (Hauser and Gandelman 1985; Mattson et al. 2003). As dams prefer either
young or old (age-matched) pups equally in a dual-choice CPP procedure (Wansaw and
Morrell, unpublished observations), maternal motivation may be driven not by pups but by
undetermined physiological or behavioral changes in the dam that subsequently affect her
responsivity to pups across multiple developmental time points.

Locomotion during the place preference procedure
Locomotion has been analyzed infrequently but usefully within CPP studies (Brockwell et al.
1996; Martin-Iverson et al. 1997; Shimosato and Ohkuma 2000). To our knowledge, locomotor
analyses across a dual-choice CPP procedure and within a chamber paired with natural salient
stimuli (pups) contribute uniquely to CPP literature.

Rodents experience increased locomotion after cocaine injections (Wise and Bozarth 1987;
Yeh and Haertzen 1991; Shimosato and Ohkuma 2000) and may exhibit locomotor
sensitization after repeated injections (Post and Rose 1976). The present study not only
confirms cocaine-induced locomotion during each cocaine-conditioning session but reveals a
unique time course of the induction phase of sensitization in distinct preference populations.
Sensitization was induced in cocaine-preferring dams by the third conditioning day but not in
pup-preferring dams by the final (fourth) day. Pup-preferring dams may require additional drug
exposures for induction to occur. This relationship between cocaine's motoric and reward
(incentive) value accords with and extends others' work (Wise and Bozarth 1987; Berridge and
Robinson 1995).

Across pup conditioning, locomotion decreased consistently among cocaine-preferring and
control dams. A similar reduction may emerge in pup-preferring dams with additional pup
exposures. Dams' reduced locomotion across repeated exposures to pups may represent dams'
habituation to pups despite pups' ongoing developmental changes.
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During the postconditioning session, locomotor rates were consistently lower in each dam's
preferred chamber than her nonpreferred chamber, regardless of the identity of the stimulus
(pups or cocaine) associated with each chamber. Compared to locomotion measured in single-
choice CPP procedures (Brockwell et al. 1996; Russo et al. 2003a), this is the first report of a
highly consistent locomotor pattern in chambers paired with two distinct stimuli. Conditioned
locomotion did not emerge in the pup- or cocaine-associated chamber, the latter despite
substantial locomotor sensitization on the final conditioning day. Important procedural
differences may explain others' reported conditioned locomotion (Martin-Iverson et al.
1997). Locomotion across CPP thus helps to characterize the incentive salience of distinct
stimuli and may predict dams' responsivity to drugs with abuse potential (Wise and Bozarth
1987; Piazza et al. 1989).
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Fig. 1.
Proportion of dams exhibiting preference for each chamber or lacking a chamber preference
(a) and mean times spent in each chamber (b) of the three-chambered conditioned place
preference (CPP) apparatus during the preconditioning baseline session, before assigning dams
to different stimulus-chamber assignment groups. Both graphs include data from both
postpartum groups. Proportions of dams placed into each preference category differed
significantly from each other; only times in the left and center chambers differed significantly
(number sign); both P<0.05
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Fig. 2.
Proportion of dams exhibiting preference for each chamber or lacking a chamber preference
in the CPP apparatus. Dams were conditioned and tested either during early (striped bars) or
late (solid bars) postpartum. Preconditioning chamber preferences are presented separately for
each stimulus-chamber assignment group, in which either pups (a) or cocaine (b) were assigned
to the least-preferred chamber in most dams. Postconditioning chamber preferences were
similar regardless of stimulus-chamber assignment group and were grouped (c). Statistically
significant differences are designated with an asterisk for between-group comparisons and
corresponding numbers for comparisons between respective pre- and postconditioning groups;
all P<0.05
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Fig. 3.
Mean time (±SEM) spent in each chamber of the CPP apparatus by dams conditioned and
tested either during early (striped bars) or late (solid bars) postpartum. Preconditioning
chamber times are presented separately for each stimulus-chamber assignment group, in which
either pups (a) or cocaine (b) were assigned to the least-preferred chamber in most dams.
Postconditioning chamber times were similar regardless of stimulus-chamber assignment
group and were grouped (c). Statistically significant differences are designated with an
asterisk for between-groups and number sign for within-groups and corresponding numbers
for respective pre- and postconditioning groups; all P<0.05 except (5) where P<0.07

Seip and Morrell Page 16

Psychopharmacology (Berl). Author manuscript; available in PMC 2008 June 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Locomotor scores were calculated during all four cocaine-conditioning (a) and pup-
conditioning (c) sessions, and during the post-conditioning session in the side chamber
associated with cocaine (b) and with pups (d). On select conditioning days and during the test
session, scores differed significantly between control dams and cocaine-preferring dams (x)
or pup-preferring dams (y), and between cocaine- and pup-preferring dams (*). Within each
group, conditioning scores that differed from those on another day of conditioning are marked
with the number of the day from which they differ, e.g. (1) if different from day 1. All P<0.05
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Fig. 5.
Proportion of control dams exhibiting preference for each chamber or lacking a chamber
preference (a) and mean times spent in each chamber (b) of the CPP apparatus during the
preconditioning (solid bars) and postconditioning (hatched bars) sessions. Control dams were
not exposed to unconditioned stimuli in the conditioning chambers but were conditioned for
identical lengths as experimental dams, either 2 h (“pup-associated length”) or 30 min
(“cocaine-associated length”). Graphs include data from both postpartum groups. Proportions
of dams placed into each preference category differed significantly from each other and differed
between sessions; chamber times were equal between side chambers during both sessions but
selectively differed from the center chamber (number sign); all P<0.05
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