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Abstract
Rationale and objectives—Our previous work uncovered a differential preference of maternal
female rats for cues associated with pups versus cues associated with cocaine at three different
postpartum time points. Our current study examines the preference for these cues in conjunction with
an assessment of the capacity to express the maternal behavior at one of these time points. We
examined dams at day 10 postpartum using a procedure that included two additional controls, and a
complete assessment of the expression of maternal behavior and locomotor activity.

Methods—A conditioned place-preference procedure was used to determine the preference for
cocaine- or pup-associated cues. The two controls were (1) a preconditioning test to verify no initial
chamber preference and (2) a separate control group of postpartum day-10 dams exposed to chambers
and cues but not to unconditioned stimuli. The expression of maternal behavior was determined by
measurement of maternal nest building, retrieval of pups to the nest, grooming, crouching over pups,
nursing, and maternal aggression. Locomotor activity was measured with an automated apparatus.

Results—Dams conditioned with cocaine or pups showed a preference for either the cocaine-
associated chamber or the pup-associated chamber, confirming the existence of two similar-sized
preference groups at this time point. Regardless of preference, dams had equal and robust expression
of maternal behavior and similar locomotor capacity. The pre-conditioning test showed no initial
chamber preferences and did not alter the conditioned preference response. The use of unconditioned
stimuli in the place-preference conditioning procedure was effective and necessary for the preference
response.

Conclusion—Our current study has revealed that differences in the motivational state of the
maternal dam emerge even while the expression of maternal behavior is constant and substantial.
The data suggest that the difference in preference is a very specific appetitive response that is not
linked to expression of maternal behavior or locomotor capacity.
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Introduction
Previously, we used a conditioned place preference (CPP) procedure to examine the response
of maternal, female rats (dams) given a choice between cocaine- and offspring (pup)-associated
chambers at three different time points postpartum (Mattson et al. 2001). During the early
postpartum period (postpartum day 8), the substantial majority of dams had a preference for
the pup-associated chamber, while the substantial majority of dams tested in the late postpartum
period (postpartum day 16) had a preference for the cocaine-associated chamber. On
postpartum day 10, the preference of the dams had a distribution with two modes of similar
size, one with a subset preferring drug-associated cues, the other with a subset preferring pup-
associated cues. The preference of the dams changed dramatically during the postpartum
period, with day 10 postpartum marking the midpoint of a transition for the population. We
now extend our examination of the postpartum day-10 time point.

The CPP procedure assesses the preference for or the motivation to seek a reinforcing stimulus,
including a variety of natural reinforcers such as food, water, sex, and offspring, as well as
drugs of abuse (Eikelboom and Stewart 1982; Mucha et al. 1982; Khantzian 1985; Carr et al.
1989; Fleming et al. 1989, 1994; Nader and Woolverton 1991, 1992; Parker 1992; Schechter
and Calcagnetti 1993, 1998; Erb and Parker 1994; Bardo et al. 1995; Lee et al. 1999; Bardo
and Bevins 2000). Animals are given pairings of an unconditioned reinforcing stimulus with
a set of unique environmental cues that serve as the conditioned stimulus. The CPP method
allows assessment of the preference for a reinforcing stimulus in its absence (Nomikos and
Spyraki 1988; Carr et al. 1989; White and Hiroi 1992; Durazzo et al. 1994; Fleming et al.
1994; Shippenberg and Heidbreder 1995; McBride et al. 1999; Campbell et al. 2000).

The reinforcing properties of cocaine in rats are well-documented with both CPP and self-
administration procedures, but few studies have been conducted in female rats (Schechter and
Calcagnetti 1993, 1998). While non-maternal adult rats vigorously avoid pups, pups are a
powerful reinforcing stimulus to the maternal rat (Fahrbach and Pfaff 1982; Numan 1994), as
demonstrated with a CPP procedure (Fleming et al. 1994) and an operant conditioning
procedure (Lee et al. 1999).

Typically in CPP studies, the preference for only one reinforcing stimulus is assessed, but a
few studies have assessed the preference for two known reinforcing stimuli, for example,
novelty relative to drugs (Carr et al. 1988; Bardo et al. 1990; Parker 1992). Parker (1992) used
the CPP procedure to compare the preference for four choices – a drug-paired chamber, a saline-
paired chamber, a novel chamber, and a chamber with prior exposure. Based on these studies
in particular, we developed a CPP procedure to assess the compared conditioned response to
two reinforcing stimuli, pups and cocaine, by the maternal dam (Mattson et al. 2001).

Many studies have examined the species-specific expression of maternal behavior
(consummatory aspect), while few have examined the motivational aspects (appetitive aspect)
or the relationship of the two phases to each other. Expression of maternal behavior begins just
prior to parturition and remains vigorous throughout the postpartum period (Fahrbach and Pfaff
1982; Numan 1994; Kalinichev et al. 2000a). Expression of maternal behavior in the rat
includes pup-directed behaviors such as retrieving the pups to the nest, grouping and nursing
them, and non-pup-directed behaviors, like building a nest and maternal aggression (Bridges
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1996). Within the postpartum period, both hormonal changes in the dam and pup development
influence expression of maternal behavior. During the first four postpartum days, maternal
behavior is hormonally dependent. As the postpartum period progresses to weaning, maternal
behavior is maintained predominantly by the sensory stimuli provided by the pups. Weaning
usually occurs between postpartum days 23 and 25.

We particularly wanted to investigate the preferences and behaviors of dams on postpartum
day 10, when substantial subsets of dams with each preference (for the cocaine-associated
chamber or the pup-associated chamber) are found. This time point is advantageous because
it provides a substantial number of dams with each preference and yet limits the differences in
the endocrine and physiological variables that would be much more marked if the two
preference subsets were taken from two postpartum time points.

Based on our previous findings (Mattson et al. 2001), we wanted to examine dams at this time
point to determine the preference by dams in which we also assessed the expression of maternal
behavior and locomotor activity. To increase the precision and rigor of the examination, two
forms of controls were added.

1. A common preconditioning test, in which dams were exposed to the apparatus prior
to conditioning with the unconditioned stimuli, was incorporated to determine that
they had no initial bias for any particular chamber or cues in the place-preference
apparatus (Carr et al. 1989; Schechter and Calcagnetti 1993, 1998; Bardo et al.
1995; Bardo and Bevins 2000).

2. We also generated a control group of dams exposed to cues and chambers but never
exposed to the unconditioned stimuli, cocaine or pups (Bardo and Bevins 2000).

By examining preference and expression of maternal behavior in the same dams, we intended
to determine whether the motivation to seek pups and the expression of maternal behavior were
separable components of maternal behavior. Measures of locomotor activity were added to
ensure that dams of both subsets were of similar general behavioral capacity.

Methods
Subjects

The rats (n=41) were Sprague-Dawley females from our animal colony maintained at the
Laboratory Animal Facility (LAF) at Rutgers University (Newark, NJ), originally obtained
from Charles River Laboratories (Wilmington, MA). Our animal facility is accredited through
the American Association for Accreditation of Laboratory Animal Care (AAALAC). Two
separate populations of rats were used for conditioning and testing the effects of unconditioned
stimuli: population 1 (n=9) and population 2 (n=27). A control group (n=5) was exposed to
the cues used as conditioned stimuli, without exposure to the unconditioned stimuli. Female
rats 90–120 days of age were bred to male rats and housed under conditions that provide precise
timing of parturition (Mayer and Rosenblatt 1980, 1998). The day after parturition, the females
and their pups were moved to testing rooms. As part of our standard procedures, all pups were
briefly removed from their dams and placed in a group from which seven pups were taken and
returned to the dams for care and nursing. Therefore, each dam had a similar composition of
their litter, consisting of some of their genetic pups and some from other dams. Those pups
then were considered her litter and remained with her in her home cage and used during her
conditioning. All further details are as described by Mattson et al. (2001).
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CPP procedure
Dams were conditioned on postpartum days 6–9 and tested on postpartum day 10. The dams
were conditioned with the pups from the litter, for which they were caring in their home cages
and which were age-matched to the postpartum day of the dam.

Apparatus
The CPP procedure used a Plexiglas apparatus, which consisted of three equal-sized chambers
(21.6 cm wide × 27.9 cm long × 17.6 cm high), covered with a clear Plexiglas lid with air holes.
The conditioned stimuli were unique wall and floor covering combinations that were paired
with the unconditioned stimuli in a restricted randomized counterbalanced sequence (Mattson
et al. 2001).

Pre-conditioning test
On postpartum day 5, the day prior to the start of conditioning, dams were allowed to explore
the entire apparatus for 30 min. The rat was initially placed in the center chamber. The
contextual cues that would become the conditioned stimuli during the subsequent conditioning
phase were in place without unconditioned stimuli. The time that the dam spent in each chamber
was recorded.

Conditioning phase
A barrier was placed in the center chamber, confining the dam to the one chamber for each
conditioning session. Females were exposed to unconditioned stimuli in the presence of
conditioned stimuli cues for 2 h on 4 days. The stimuli were a 10-mg/kg s.c. injection of cocaine
or three pups, presented in an alternating sequence one stimulus per day. The order of the
presentation of the unconditioned stimuli was counterbalanced; therefore, half of the dams
received cocaine on the first conditioning day, the other half received pups; the corollary is
that the unconditioned stimulus received on the final conditioning day alternated as well. On
the days that the females received the pup stimulus, they were pup deprived for 1 h prior to
conditioning.

CPP testing
The dams were tested for their conditioned cue preference on postpartum day 10, which was
the day after the final day of unconditioned stimulus-cue conditioning. After 1 h of pup
deprivation, the dams were placed into the center chamber of the apparatus and allowed to
move freely throughout the apparatus for 1 h. The contextual cues (conditioned stimuli) of each
chamber were arranged as in the conditioning phase, but no unconditioned stimuli were present.
No conditioning had occurred in the middle chamber, but the rats had been exposed to it in
preconditioning testing. Therefore, the middle chamber was neutral, not habituated, but not
entirely novel. The time the dams spent in each chamber and their behavior were recorded for
1 h (Mattson et al. 2001). Dams in population 2 had a 2-h testing session since their brains
were taken for further experiments (Mattson and Morrell 2001); for the second hour, behavior
and location were noted every 10 min.

Controls exposed to chambers and cues but not unconditioned stimuli
A control group (n=5) were exposed with only the chamber cues (conditioned stimuli for
experimental dams) (Rescorla 1967; Bardo and Bevins 2000), and were never exposed to
unconditioned stimuli. The control group was never administered cocaine, and their only
contact with pups was in the home cage. Initial testing with free access to all chambers of the
apparatus occurred on postpartum day 5; on days 6–9 dams were confined to one chamber with
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cues in place per day; preference testing for the cued chambers occurred on postpartum day
10; all further details as for experimental animals.

Preference criterion
A dam was determined to have a preference for a particular chamber if she spent at least 50%
of the testing time in that chamber, with the caveat that this time had to be at least 25% greater
than the time spent in either of the two remaining chambers. Further explanation of our
preference criterion is described by Mattson et al. (2001).

Additional behavioral characterization
The females in population 2 (n=27) had additional behavioral testing. A subset (n=9) was also
tested on locomotor activity after cocaine administration. All of these tests were sequenced to
ensure no interference with the CPP procedures.

Home-cage maternal behavior
The maternal behaviors of the dams were observed daily, including building of a nest site, pup-
retrieval, grouping the pups in the nest, crouching, nursing, and licking the pups (Vernotica et
al. 1996a). Maternal aggression is another normal component of maternal behavior by which
the dam defends her nest and pups against intruders, and it is especially prominent in the
peripartum period, from about 2 days before parturition through days 4–5 postpartum. To test
maternal aggression, an unfamiliar, juvenile male or “intruder” (approximately 40 days old;
used only once) of smaller size than the dam was placed into her home cage, in the presence
of her litter and the nest site. Maternal aggression was measured on postpartum day 2, according
to our established protocol with components summed into a single numerical aggression score
from a minimum of 1 to a maximum of 16 (Mayer et al. 1990; Vernotica et al. 1996a).

Locomotor activity
Locomotor activity was measured for 1 h in an automated locomotor activity system (Digiscan
Animal Activity Monitor, Model RXYZCM, Omnitech Electronics Trambue, OH) with
chambers (40×40×40 cm) equipped with photocell beams. We report only horizontal distance
traveled and center time, since other locomotor measures co-varied with them (Vernotica and
Morrell 1998). Dams were injected s.c. with physiological saline (equivalent to saline volume
used for cocaine injections) and tested for locomotor activity on postpartum day 4, prior to
place preference procedures. On postpartum day 11, the day after place-preference testing, nine
of the dams were again injected with cocaine (10 mg/kg s.c.), and locomotor activity under the
influence of cocaine was recorded.

Drug administration
Cocaine hydrochloride in highly (>90%) purified powered form was provided by the National
Institute of Drug Abuse, Research Triangle Park, NC, USA. The animals received s.c.
injections in alternating dorsal, caudal flank regions of 10 mg/kg cocaine dissolved in
physiological saline to obtain a concentration of 4.5 mg/ml. Dams were hand held during
injections, so the injection would not be associated with the apparatus; the site was massaged
to avoid skin ischemia (Scott et al. 1997). Saline of equivalent volume was administered for
control injections.

Measures of general physiology and health
All animals were healthy throughout the experiment as assessed by physical examination by
the investigators and staff of the LAF. The weight of dams and gain by the pups was normal.
Based on published accounts of skin lesions caused by s.c. cocaine injections in laboratory rats
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(Bruckner et al. 1982; Spear et al. 1989; Scott et al. 1997), we made daily observations of the
injection areas; no skin lesions were found.

Statistical analysis
Chi-square test was used to analyze percentages of populations. Aggression scores, pup
retrieval latencies, locomotor activity and place-preference times were normally distributed
and analyzed by t-test or analysis of variance followed by Tukey's post-hoc test. Paired t-test
was used to analyze locomotor activity data saline and cocaine treatment effects. Repeated-
measures analysis of variance followed by Wilks' Lambda test was used to analyze pre- and
post-conditioning times. Multi-variate analysis of variance followed by Wilks' Lambda test
was used to analyze the combined effect of all independent and dependent variables in the
place preference data. For all tests, the significance level was set at P<0.05.

Results
CPP responses to cocaine and pup exposure

Pre- and post-conditioning comparisons. Before conditioning by exposure to unconditioned
stimuli, the dams spent approximately 33% of their time in each chamber. After such
conditioning, they spent 41% of their time in each of the stimulus-associated chambers and
18% of their time in the center/neutral chamber, which was not paired with an unconditioned
stimulus. These changes were statistically significant (F2,52=7.11, P<0.05; Wilks'
Lambda=0.81). Further, there was no correlation between chamber preference before and after
conditioning with the unconditioned stimuli. A multi-variate ANOVA verified that the
orientation of the chambers and cue-combinations did not affect chamber preference.

Preference
In each of the two experimental populations, approximately 50% (n=17) of the dams met the
criterion for a preference for the cocaine-associated chamber and 37% (n=15) met the criterion
for a preference for the pup-associated chamber, with 13% having no preference (Fig. 1A). On
average, dams from each of these experimental populations spent 48% of their time in the
cocaine-associated chamber, 38% of their time in the pup-associated chamber (Fig. 1B) and
about 15% of their time in the neutral chamber. When each preference subset was considered
specifically, the dams that met the criterion for a cocaine-associated or pup-associated
preference spent an average of 80% of their time in that chamber. The two experimental
populations did not differ from each other statistically on any measure.

Dams spent their test time investigating, sniffing, and grooming; time in the preferred chamber
was not associated with sleeping or failure to investigate the other chambers. During the second
hour of testing, the dams remained in their preferred cue-associated chamber; only two exited
but immediately returned. In the second hour, investigative behaviors decreased, and the dams
primarily rested and groomed. No dam switched preference during the second hour.

Place-preference responses without cocaine or pup exposure
In their initial responses to the chambers with cues, the control dams (n=5) spent approximately
33% of their time in each chamber. After exposure to the chambers in the procedure (without
association to unconditioned stimuli), their behavior was unchanged and no dam met the criteria
for a chamber preference (Fig. 2).

Expression of maternal behavior
All experimental dams had robust expression of maternal behavior, regardless of whether their
conditioned preference was for a chamber associated with the unconditioned stimuli pups or
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cocaine, or if they had no preference. The dams rapidly retrieved pups displaced from their
established nest site, engaged in ano-genital licking of pups, crouching, and nursed their pups.
All quantitative measures of the expression of maternal behavior, including retrieval latencies,
nest scores, nursing times, and grooming behaviors, were at maximal levels. The weight gain
by the pups in all litters was equal and normal.

Maternal aggression was also high and equal in both preference subsets as well as dams with
no preference. There were no differences in the time to initial attack between the cocaine- and
pup-cue associated preference subsets. All dams attacked the intruder rat in less than 2 min
after it was placed in their home cage (0.98±0.15), and had high composite aggression scores
(14.16±0.49).

Locomotor activity
Dams that were given a saline injection traveled on average a total distance of 763±61 cm in
1 h. The two preference subsets were not different from each other nor those that had no
preference (n=27; Fig. 3A). A small subset of the dams were subsequently tested for locomotor
activity after cocaine, and within 1 h after injection traveled 228% farther than the distance
traveled after saline administration (1607±266 cm versus 492±59 cm). This was statistically
significantly greater (t8=4.09, P<0.05; n=9; Fig. 3B). There were no differences in the level of
cocaine-induced locomotion across the two preference subsets.

Center time
After saline administration, dams spent only 3% of their test time in the center area of the
locomotor apparatus (1.7±0.4 min/60 min; n=27; Fig. 3C). The small subset of dams that were
tested for locomotor activity and center time under the influence of cocaine spent nearly three
times longer in the center area after cocaine (21±6 min) than their center time after saline (8
±2 min; n=9). This increase was statistically significant (Fig. 3D; t8=2.2, P<0.05). There were
no differences in either center time test between the preference subsets.

Discussion
These experiments show that there is a bimodal distribution of the preference of the dams with
substantial subsets preferring either pup- or drug-associated cues. Regardless of their
conditioning exposure or their preference responses, dams did not differ in their expression of
all active components of maternal behavior. Dams that displayed a very strong preference for
the cocaine-associated chamber also expressed maternal behavior at robust levels, which was
indistinguishable from dams with a strong preference for the pup-associated chamber. Taken
together, the place preference and data on the expression of maternal behavior suggest that the
motivation to seek the pup stimulus (appetitive component) can be regulated by processes, in
part, independent from processes underlying the expression of maternal behavior
(consummatory component). Furthermore, these dams must be detecting a sufficient difference
in the reinforcing properties of the two stimuli, cocaine (pharmacological) versus pups
(natural), such that a different behavioral outcome could occur regardless of the identical
capacity to express maternal behavior.

Previously, we and others found that dams express high levels of maternal aggression on
postpartum day 2 (Vernotica et al. 1996a) and that the expression of maternal aggression
depends on many experimental variables including whether the rats are under the influence of
cocaine (Johns at al. 1994, 1997, 1998; Vernotica et al. 1996a). While we did not perform any
aggression testing while the dams were under the influence of cocaine in the current study, due
to the constraints of our CPP procedure, we would predict that no differences would be detected
across the preference subsets.
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The current study also confirms that our initial findings at postpartum day 10 are stable even
with the use of preconditioning exposure to the apparatus. These data also demonstrate that
only exposure to cocaine and pup stimuli in the apparatus chambers is effective in altering the
preference responses of the dams. Exposure to only the cues used as conditioned stimuli without
exposure to unconditioned stimuli does not establish a place preference. This is a simple but
fundamental demonstration that our apparatus and place-preference conditioning procedure do
not in and of themselves stimulate a preference response from the dams indicating they are
unbiased.

Systematic examination of locomotor activity including center time revealed no differences
across the preference subsets. Locomotor activity increased after cocaine, in accord with our
previous findings in the maternal female rat showing that 10 mg/kg cocaine increases
locomotion modestly, much less than 20 mg/kg in male or female rats (Vernotica et al.
1996a, 1999; Vernotica and Morrell 1998; Blanchard and Blanchard 1999; Blanchard et al.
1999).

We found a significant increase in the total amount of time spent in the center field after cocaine,
which would suggest that cocaine decreases the natural tendency of rats to avoid the center
(Welker 1957; Belzung and Le Pape 1994). This suggestion is in contrast to the findings of
Blanchard et al. (1999) and Herbert et al. (1999) that acute cocaine (at higher doses) can induce
anxiety-like effects, while simultaneously increasing locomotion, possibly indicative of a flight
response. These investigators have studied the phenomena in depth, and our finding is a modest
analysis, simply demonstrating that the two preference subsets did not differ in center time
whether or not they were under the influence of cocaine. Further, dams in the current study
were tested after their third injection of cocaine and we cannot exclude the influence of a subtle
drug sensitization as well.

In summary, a comparison of the preferences of the dams and their performance on other
behavioral measures indicate that the differences in appetitive responses are very specific and
cannot be linked to other features of the behavior of the dams. These conclusions accord with
those of Gong et al. (1996) and Kosten and Miserendino (1998), who found no correlations
among responses to novelty, locomotor activity, and cocaine place conditioning. Erb and
Parker (1994) using a different novelty procedure and a different psychostimulant found no
relationship between the strength of amphetamine place conditioning and responding in the
novel environment. However, the data with amphetamine are more complex, since there is
some evidence that place preference for amphetamine-associated cues could be predicted by
reactivity to novelty (Klebaur and Bardo 1999; Klebaur et al. 2001).

We hypothesize that the relative strength of the cocaine and pup stimuli used in this study are
reasonably well matched for the following reasons. We chose the minimum amount of each
stimulus effective in our previous experimental procedures. Three pups are a sufficient stimulus
to induce maternal behavior in previously non-maternal animals (Kalinichev et al. 2000a,
2000b); and, 10 m/kg cocaine injected s.c. is sufficient to impair the expression of maternal
behavior and to increase locomotor activity in the postpartum dam (Vernotica et al. 1996b;
Vernotica and Morrell 1998). The fact that dams at different points in the postpartum period
largely switch their preference from pup-associated chambers to cocaine-associated chambers
also supports our hypothesis.

There is also literature suggesting that a standard dose–response curve for drugs with abuse
potential is not found using CPP procedures (Carr et al. 1989; Schechter and Calcagnetti
1993, 1998; Bardo et al. 1995). Once animals reach a dose that induces a CPP, the response is
not strengthened by increasing the drug dose. This is different from the sensitive dose–response
relationship that is found with most drug self-administration procedures and suggests that once
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a stimulus response is achieved with CPP procedures, stimulus strength is not sensitively
registered.

In the most commonly accepted interpretation of CPP data, animals are thought to prefer the
chamber with the greatest reinforcing properties (Carr et al. 1989; Wise 1989; Bardo and Bevins
2000). There are two alternative explanations for the expression of a CPP that have been
proposed (Scoles and Siegel 1986; Parker 1992; Schechter and Calcagnetti 1993; Bardo et al.
1995). First, the response could be indicative of the chamber most novel to the animal at the
time of testing. Second, the response could be avoidance of the non-preferred chamber. These
alternative explanations could be viable if the CPP uses only a two-chambered apparatus or
one with a small center chamber that is essentially a passageway. Usually the time the animal
spends in the center chamber is not considered in the analysis.

Our apparatus had three chambers of equal size, one being neutral, or virtually novel, which
provides an alternate choice to the two chambers paired with unconditioned stimuli (Carr et
al. 1989; Parker 1992), and our analysis includes center time. We can, therefore, reasonably
interpret increased time in a given chamber as a measure of the deliberate choice of the dam
for that conditioned stimulus, not a preference for novelty or avoidance of the other conditioned
stimulus.

Our prior work shows that the preference of the majority of the dams made a marked transition
during the postpartum period (Mattson et al. 2001), but we have yet to approach the question
of which variables are necessary or sufficient for this transition. This change in preference may
be due to variables intrinsic to the dam or to changes in the stimulus properties of the pup due
to their development. The variables intrinsic to the dam include the normal hormonal and
physiological alterations of the postpartum period (Fahrbach and Pfaff 1982; Numan 1994).
This hypothesis is supported by data showing that female rats substantially decrease their self-
administration of cocaine during late pregnancy and the first 7 days of the postpartum period,
relative to the period before pregnancy or the initial two-thirds of pregnancy (Hecht et al.
1999).

Pups develop rapidly in the postpartum period and their characteristics change as they develop.
These changing characteristics are also likely to be important variables in the formation and
transition of the dam's preferences. Maternal rats seemingly prefer younger rather than older
pups, but there is no quantitative analysis of the effect of pup age on the reinforcing properties
of the pup stimulus. Nor is there a clear examination of the purely appetitive aspects of the
stimulus process, because prior work on the preference for proximity to pups (Fleming et al.
1994), and bar pressing for pups (Lee et al.1999) provided the stimulus and allowed the
consummatory aspects of the behavior to proceed while appetitive measures were being taken.

In on-going experiments, we are investigating the independent variables that mediate the
transition in preference across the postpartum period (Wansaw et al. 2001, 2002). Additional
experiments will investigate the neural substrates that are engaged when the dam expresses
each of the two preferences (Mattson and Morrell 2001; Smith et al. 2002).
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Fig. 1A, B.
These graphs represent the response of dams to place-preference conditioning with cocaine
and pups. A Percentage of dams that reached preference criterion for either cocaine- or pup-
associated chambers or dams that had no preference. B Time spent by these dams in each of
the three chambers, either cocaine- or pup-associated or neutral. Population 1 (n=9) and
population 2 (n=27). A similar and statistically significant number of dams in both populations
had a preference for either cocaine- or pup-related cues; the two populations had the same
preference patterns. Solid bars population 1, hatched bars population 2
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Fig. 2.
This graph shows the time spent in each apparatus chamber during initial apparatus exposure
and then during the testing period after exposure only to the cues that would have served as
conditioned cues in the complete procedure by a control group of dams (n=5) that were never
exposed to unconditioned stimulus. It illustrates that exposure to the apparatus without pairing
the chambers with the unconditioned stimuli did not induce a conditioning effect. Dark bars
pre-conditioning, light bars post-conditioning
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Fig. 3A–D.
These graphs show two aspects of locomotor activity for both the total population (n=27) and
the dams separated by preference for a stimulus-associated chamber. Mean (±SEM) horizontal
distance traveled after (A) saline administration and (B) cocaine administration (n=9). Mean
(±SEM) time spent in the center after (C) saline administration (n=27) and (D) cocaine
administration (n=9). There were no differences between preference subsets, but there was a
significant increase in locomotor activity after cocaine administration. Asterisk indicates a
significant difference from the saline condition, P<0.05
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