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Abstract
Rat pups are more resistant to retroactive associative interference 3 hrs after birth than 24 hours
later (Cheslock, Sanders, & Spear, 2004). The present experiments tested the effect of age,
retention interval and dam presence during the retention interval on odor-induced motor activity
subsequent to mere odor exposure. Rats were exposed to an hour of odor immediately after birth
or approximately one day later and tested after a given retention interval (3 hrs or 27 hrs [Exp 1];
0, 30, 75, or 180 min [Exp. 2]). They spent the retention interval either in the presence or absence
of a foster dam (Exp. 1 and 3). After the retention interval, pups were tested in a four-minute
activity test including a two-minute baseline period and two minutes of odor exposure. Overall
activity was scored during tape-playback. Odor-exposed pups were more active than non-exposed
pups during reexposure to the odor during testing, but this was true only for P0 pups. In contrast,
P1 pups without prior odor exposure were active during testing and behaviorally quieted in the
presence of the odor they were previously exposed to. Though one day apart, newborn rats just
hours old lack many of the experiences that a one day old has had including nursing, huddling, and
being groomed. These experiences are associated with, among other stimuli, a barrage of olfactory
cues (e.g., colostrum, saliva, dander, feces, and urine). P0 and P1 pups also differ in their
proximity from the birthing experience and associated neurochemical changes. The age-related
pattern of responding to odors based on previous odor exposure was discussed in relation to these
and other possibilities.

Introduction
Perinatal olfactory learning helps ease the transition from fetal life within the uterus to the
external neonatal environment (Coureaud, Schaal, Hudson, Orgeur, & Coudert, 2002).
Prenatally, the fetus learns the odor of the amniotic fluid and upon birth is capable of
differentiating amniotic fluid from its mother versus from another mother (Hepper, 1987;
Robinson & Méndez-Gallardo, 2009). This may assist the neonate in preferentially
associating with littermates as well as maintaining proximity to the nest. Furthermore, the
amniotic fluid seems to share olfactory components with the colostrum, which is the
antibody rich milk available just after birth. Such similarities have been found to scaffold the
neonate’s first approaches and meals from the nipple (Coureaud, Schaal, Hudson, Orgeur, &
Coudert, 2002). In these examples, the neonate’s adjustment to life outside the uterus is
facilitated by prenatal olfactory learning.

Olfactory learning is also robust postnatally and can occur early in life without an associated
reinforcer such as milk or stroking. After daily four hour exposures to an odorant for about
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two weeks, preweanling rats came to huddle preferentially in the presence of this odor
(Alberts & May, 1984). With just three minutes of odor exposure to an odor similarly aged
preweanling rats came to prefer this odor in a two-way preference test (Caza & Spear,
1984). In human infants, familiarization with an artificial odor for the first day after birth
resulted in a preference toward that same odor at least for females (Balogh & Porter, 1986).
Previous experiments have shown that mere olfactory exposure for the first 18 days of a
rat’s life causes neural changes in the olfactory bulb (Coopersmith, Henderson, & Leon,
1986). Early mere odor exposures can result in long lasting behavioral and neural changes
towards that same odor.

Olfactory preference learning during infancy in rats uses special circuitry and has distinct
attributes that set it apart from olfactory preference learning later in life (Moriceau &
Sullivan, 2004; Sullivan, 2003). Odors are preferred after minimal exposure. Furthermore,
there is a sensitive period during the first postnatal week until postnatal day ten, when this
preference learning is especially effective (Sullivan & Wilson, 1994). Unique to infants is
that they will even learn to prefer an odor paired with mildly aversive stimuli (Sullivan,
2003). If ontogenetic differences in postnatal olfactory learning are related to neurochemical
and neurophysiological differences between ages, such developmental studies can provide
useful information regarding the basic neuroscience underlying olfactory learning.

Even more striking than these ontogenetic differences between the first two postnatal weeks
are differences in learning and memory seen between the first two postnatal days. Cheslock
and colleagues (2004) exposed pups on the day of birth (newborns) or one day later to two
olfactory associations; one was appetitive and one was an aversive association. This study
found that although one-day old pups’ memory for the first association was disrupted by the
second association (retroactive interference); newborns’ memory for the first memory was
unaffected. The authors discuss the possibility that this resistance to retroactive interference
may relate to the neurochemical consequences of the birthing process.

To evaluate the potential effects of the birthing process on olfactory learning our laboratory
exposed rats to an odor for one hour shortly after birth and tested motor activity and
surrogate nipple attachment in the presence of this same odor hours later. Odor exposed
newborn rats responded with greater levels of activity to that same odor than pups without
odor preexposure. This was true regardless of whether odor exposure occurred immediately,
one hour or two hours after birth. This odor preexposure also decreased the time to attach to
a similarly scented surrogate nipple particularly when odor exposure was immediately after
birth (Miller & Spear, 2008). It is possible that the neurochemical consequences of the
birthing process differ more dramatically when comparing newborns and one-day olds than
when analyzing within the newborn’s first three hours of life. The goal of the current set of
experiments was to test newborn and one-day old pups’ motor responsiveness to a
previously experienced odor. Based on previous experiments, we expected prior odor
exposure to increase motor activity to the previously experienced odor compared to pups
without such odor preexposure. We expected this effect to be greater and longer lasting in
newborns than one-day-olds.

General Method
Subjects

Subjects were rat pups cesarean sectioned from Sprague-Dawley (Taconic, Germantown,
NY) females bred in large wire hanging cages to a male. When a sperm plug was found
(Embryonic day zero, E0) females were removed from the hanging cages and placed in
opaque breeder tubs (45 cm long × 23 cm wide × 20 cm high) partially filled with shavings
with one to two other pregnant rat(s) until E20 when they were separated into identical
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individual breeding tubs. Ambient temperatures in the colony room were maintained at 22°C
on a 14–10 hour light/dark cycle (lights on at 0700) with ad libitum access to food (Breeders
Purina Rat Chow, Lowell, MA) and water. Rats used in the following experiments were
maintained and treated in accordance with the guidelines for animal care and use established
by the National Institutes of Health (1986) and the Binghamton University Institutional Care
and Use Committee.

Cesarean delivery
Near term (E21) pups were delivered by cesarean section. Isoflurane (Baxter, Deerfield, IL;
VetEquip, Pleasanton, CA) was used to anesthetize the dam during cesarean delivery. A
midline incision was made through the abdominal wall to expose the uterine horns. A small
incision into each amniotic sac allowed externalization of the pups. The umbilical cords
were ligated with sewing thread and cut. Finally, extra embryonic membranes were removed
by gentle rolling of the neonate on a sanitary paper towel. Each pup was placed into a plastic
container (12 cm long × 12 cm wide × 6 cm high) lined with moist paper towels. This
container held pups in a 35°C ± 1°C incubator before and after odor exposures and testing.
Once the cesarean section was completed, the dam was sacrificed via rapid cervical
dislocation. The litters’ time of birth was noted when the median pup (e.g., fourth out of
seven pups) was delivered.

Fostering
All pups in the present series of experiments were cesarean sectioned. Since the cesarean
section is a non survival surgery for the dam, pups to be tested on postnatal day one (P1)
were placed with a foster dam, which had given birth within 24 hours. Fostering involved
removal of the entire biological litter and replacement with the experimental litter, which
always consisted of eight pups. In order to facilitate acceptance, the experimental pups were
gently rolled in the shavings of the foster dam to coat them with her scent.

Heating chamber and odor presentation
Since odor exposure procedures persisted for an hour, pups were exposed to stimuli within a
temperature controlled heating chamber (Microplate Incubator, Boekel Scientific,
Feasterville, PA). These heating chambers were maintained at 35°C ± 1°C. Within the
heating chamber, pups were held in a hexagonal shaped shallow cup (8.5 mm wide at the
top, 5.5 mm wide at the bottom, 2 mm deep) lined with synthetic fur (for a schematic
depiction see Miller & Spear, 2008). All conditions had two pups in each cup, one male and
one female. Odors were presented by placing a cotton swab above and in the center of the
odor exposure cup. This cotton swab remained there, stationary, for the duration of the odor
exposure period.

Test box
Testing occurred in a transparent glove box (63 cm long × 50 cm wide × 25 cm high). The
pup was placed on a mirror atop a heating pad maintained at 35.5°C ± 0.5°C. The mirror
allows the 35.5°C ± 0.5°C temperature to radiate up and around the pup. For this reason the
ambient temperature in the box was kept at a lower temperature (28.0°C± 1.0°C). These
temperatures have been used for these ages in many similar paradigms (Cheslock et al.,
2004; Cheslock, Varlinskaya, Petrov, & Spear, 2000; Miller & Spear, 2008; Petrov,
Varlinksaya, & Spear, 2001). Heating pad temperature was maintained using a temperature
controller (Model 40-90-8B, Frederick Haer, Inc., Brunswick, ME). Ambient temperature
was obtained with the use of commercial heating pads. In order to facilitate and standardize
the odor exposure procedure the individual subject was strapped and fastened into a ‘vest’
made from ultra-thin, elastic rubber (Petrov, Varlinskaya, & Spear, 2001). The vest was
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designed to hold the pup in a semi-supine posture, which simulates the natural position of
neonatal rats suckling at the maternal nipple (Eilam & Smotherman, 1998). This gentle
restraint also prevents a righting reflex but does not otherwise produce apparent discomfort
or behavioral incompetence.

Test
Duration of behavioral activation was measured by a blind experimenter (via video
playback) in a continuous fashion for the entire four-minute test (inter-rater reliability:
Pearson’s correlation coefficient > 0.93). Pups were placed into a vest and then into the
testing box for a two-minute baseline period. Next, exposure to the test odor was presented
on a cotton swab lightly waved 1 cm in front of the pups’ snout for two more minutes for a
total of a four-minute motor activity test. Duration of head and full body or bursting
movements was scored, with a stopwatch, as a single motor activity score (Miller & Spear,
2008).

Data analysis
The dependent variable was the duration of overall motor activity during minute one and
minute two of test odor exposure. Thus, a mixed design ANOVA was used for these
analyses. Since baseline levels of motor activity were recorded the dependent variable was
adjusted according to baseline measurements. Differences in baseline activity also were
tested with between groups ANOVAs. The mean motor activity duration score from the first
two minutes of the test (baseline) was subtracted from each of the odor exposure minutes for
baseline-adjusted data. For example: motor activity during Minute 3 − [(motor activity
during Minute 1 + motor activity during Minute 2)/2]. The same was done for Minute 4. In
the following experiments, Minute was a within-subjects independent variable (Minute 1
and Minute 2 of odor exposure) and duration of motor activity in seconds was the dependent
measure. Post hoc analyses were conducted using Fisher’s least significant difference test.
Results were considered significant if p < 0.05.

Experiment 1
The goal of Exp 1 was to assess odor-induced motor activity in newborn rats after prior
exposure to the odor. Two different ages and two different retention intervals were
employed. Previous experiments have found differences in the olfactory learning and/or
retention of rats three hours after birth (P0) compared to pups just one day later (Cheslock,
Sanders, & Spear, 2004). The present experiment is unique in that it used a mere odor
exposure paradigm rather than associative conditioning. Furthermore, the newborn rats used
in the experiments described below were exposed to an odor immediately after birth rather
than three hours later.

Method
Subjects—Eighty cesarean sectioned rat pups from 13 different dams were used in the
current experiment. The present design was a 2 (exposure condition, odor vs no odor) × 2
(exposure day, P0 vs P1) × 2 (retention interval, 3hr vs 27hr), which resulted in 8 groups.
There were 10 pups per group with no more than one male and one female per litter
represented in each group.

Procedures—Previous experiments did not find consistent sex effects in olfactory
learning immediately after birth (Miller & Spear, 2008, 2009). Therefore, although sex was
evenly distributed across groups, this was not a factor in the present design. All cesarean
deliveries were conducted between 900 and 1100 hours. At this time, eight experimental
pups were delivered via cesarean. Extra pups were delivered via cesarean section to ensure
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that pups were not isolated in the incubator and to maintain a foster litter of eight pups. Pups
were marked by wrapping a thin piece of adhesive tape around the pups’ tail. Half (four) of
the pups were assigned to the odor condition and were exposed to 0.1 mL of lemon oil
immediately after delivery (postnatal day zero, P0) or the following day, on P1. The other
half was treated similarly but with a non-odorized cotton swab (no odor). On the appropriate
exposure day, two pups (one male, one female) were exposed to lemon odor and two to a
non odorized cotton swab in a heated chamber for one hour. Half of the pups exposed on P0
were held in an incubator for a 3 hr retention interval (P0-3 hr) prior to testing. The other
half were placed into an incubator for 3 hours and then fostered for testing 27 hrs after odor
exposure (P0-27 hr). Pups to be exposed on P1 were placed into an incubator immediately
after birth for four hours and then fostered. Pups exposed on P1 were returned to their foster
dam during the 3 hr retention interval (P1-3 hr) prior to testing or for the 27 hr retention
interval (P1-27 hr). Thus, P0 and P1 pups spent their 3 hr retention interval in different
locations, in the incubator and with the foster dam respectively. Previous studies using these
ages have conducted their procedures in this manner. More specifically, P0 rats are placed
into incubators (Petrov, Nizhnikov, Varlinskaya, & Spear, 2006; Cheslock, Varlinskya,
Petrov, & Spear, 2000) whereas P1 pups are returned to their dam during a retention interval
(Bordner & Spear, 2006). Testing occurred after the retention interval as described above
(see section “test”).

Results
Baseline levels of activity did not differ based on exposure condition, exposure day or
retention interval. Using baseline adjusted data, a significant exposure condition by exposure
day interaction was found, F (1, 72) = 8.10, p = .00575. Post hoc tests revealed that P0-odor
pups were activated more by the previously experienced odor than were P0-no odor and P1-
odor pups (see Figure 1). In other words, pups exposed to an odor on P0 showed elevated
levels of activity upon reexposure to that odor at test compared to non-exposed pups. This
was not the case when odor exposure occurred on P1. Although the lack of difference on P1
between odor and no odor pups seems not only due to the fact that P1 odor pups activated
less than P0 odor pups, but also that P1 no odor pups responded more to the odor at test
without prior odor experience than P0 pups did, this post hoc comparison failed to reach
significance (p = .059). There were no other significant effects. This experiment indicated
that odor-induced motor activity at test was evident when odor exposure took place
immediately after birth but not if given 24 hrs later.

Experiment 2
Previous experiments with P0 rats have maintained the pups in an incubator between odor
exposure and testing, assuming they were not fostered (the cesarean section procedure is a
non-survival surgery). In experiments conducted with P1 rats, however, pups have been
returned to their dam during the retention interval (at this age, pups were typically vaginally
delivered). For comparison of P0 and P1 pups’ olfactory learning, all pups were cesarean
sectioned in the current series. Nevertheless, as in previous similar experiments, P0 pups
were kept in an incubator and P1 pups with a foster dam during the 3 hr retention interval in
Exp 1. While being in an incubator for 3 hours is typical for studies using P0 pups that have
never experienced a dam, this 3-hr period far exceeds the maternal deprivation ordinarily
allowed for P1 pups in our laboratory. Before explicitly testing the effect of dam presence
during the retention interval (Exp 3) the present experiment was designed to find a shorter
retention interval that would still allow odor preexposure effects to be expressed. Since
learning was only found in P0 rats (Exp 1), the current experiment was conducted with this
age only.
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Method
Subjects—One hundred and six cesarean sectioned rat pups from 16 different dams were
used in the current experiment. The present design was a 2 (odor exposure, odor vs no odor)
x 4 (retention interval, 0, 0.5, 1.25, or 3 hr), which resulted in 8 groups. Sex was evenly
distributed across groups. There were 11–15 pups per group, with no more than one male
and one female per litter represented in each group.

Procedures—Cesarean sections were performed between 900 and 1100 hours and eight
pups (four males and four females) were delivered. All pups were placed into heated
chambers immediately after birth (P0). Half of the pups (two males, two females) were
exposed to lemon odor (odor) and the other half were exposed to a non-odorized cotton
swab (no odor) for 60 minutes. Pups were held in a warm incubator for a 0, 0.5, 1.25 or 3 hr
retention interval. Testing occurred after this retention interval in a manner identical to Exp
1.

Results
Baseline levels of activity did not differ as a function of exposure condition or retention
interval. Using baseline adjusted data, there was a significant effect of exposure condition, F
(1, 98) = 19.17, p < .05, and of the repeated measure, minute, F (1, 98) = 6.22, p < .05, but
no effect of retention interval, F (3, 98) = 1.49, p = .22 nor an interaction of any of these
variables (ps > 0.1). Pups exposed to the lemon odor were more active at test during
reexposure to this odor, regardless of retention interval (see Figure 2). Odor-evoked activity
was higher during the first minute of odor exposure than the second minute. Despite the fact
that increased motor activity was seen in pups given previous odor exposure regardless of
retention interval, we chose to use the 30 minute retention interval in Exp 3 instead of the 0
minute retention interval since levels of responding appeared higher in this group (Figure 2).

Experiment 3
In Exp 1 we found that responding to a previously exposed odor was greater for pups that
had this experience immediately after birth compared to 24 hours later. Nevertheless, there
was a confounding of age by differences in maternal deprivation. P0 pups spent their 3 hour
retention interval in an incubator whereas P1 pups spent this time with a foster dam.
Although both ages also had littermates present, the presence of a dam could have played a
role in the pups’ response to the previously experienced odor. The goal of the present
experiment was to explicitly manipulate dam presence during the retention interval.

Method
Subjects—Eighty two cesarean sectioned rat pups from 13 different dams were used in the
current experiment. The present design was a 2 (exposure condition, odor vs no odor) × 2
(exposure day, P0 vs P1) × 2 (dam presence, yes vs no), which resulted in 8 groups. There
were 8–12 pups per group with no more than one male and one female per litter represented
in each group.

Procedures—As in Exp 1 and 2, sex was evenly distributed across all groups. Cesarean
delivery, fostering and odor exposure procedures were identical to Exp 1. After exposure to
the odor or not for an hour on P0 or P1 pups were placed either in an incubator or with a
foster dam for a 30 minute retention interval prior to testing. Testing procedures were
identical to Exp 1 and 2.
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Results
Unlike Exp 1 and 2, baseline activity levels differed across groups. There was a significant
effect of exposure day, F (1, 74) = 10.04, p < .05, a borderline effect of dam presence, F (1,
74) = 3.78, p = .056, and a significant interaction betwen these two variables, F (1, 74) =
4.64, p < .05, see Figure 3. P0 pups were more active during baseline than P1 pups. Without
the dam presence during the retention interval pups were moderately more active at baseline
than pups that had spent this time with a dam. The interaction was a result of low baseline
activity levels for P1 pups regardless of dam presence, whereas P0 rats were relatively active
after being in the incubator with only littermates during the retention interval although
behaviorally quieted when the dam was present.

Using baseline adjusted data, there were no main effects but there was a significant
interaction of exposure condition by exposure day, F (1, 74) = 11.65, p < .05. P0 pups
previously exposed to an odor were significantly more active upon reexposure to that odor at
test than pups without previous odor exposure. P1 pups, however, showed the opposite
pattern. After previous odor exposure, P0 pups were significantly more active at test than P1
pups with this same exposure. There was an interaction of exposure condition by exposure
day by dam presence, F (1, 74) = 5.05, p < .05, which tempered the aforementioned
interaction (see Figure 4). The pattern described above occurs largely when there is no dam
present during the retention interval. When pups are placed with a dam during the retention
interval, P0 pups with odor exposure continue to respond more to that odor at testing than P0
pups without prior odor exposure whereas P1 pups show no differences based on previous
odor exposure, replicating results from Exp 1.

Although P1 pups’ baseline activity was unaffected by dam presence during the retention
interval, after spending 30 minutes with the foster dam P0 pups were much less active than
P0 pups that spent the retention interval in an incubator. Dam presence, however could not
explain the age-related differences found in Exp 1. In the present experiment P0 pups but
not P1 pups were again more active than controls in the presence of a previously exposed
odor regardless of dam presence during the retention interval. In the absence of the dam
during the retention interval, P1 pups responded to the odor at test only when they had no
prior odor experience.

General Discussion
In Exp 1, P0 but not P1 pups displayed heightened motor activity in response to an odor
experienced three hours earlier compared to pups without this odor preexposure. After odor
exposure, P0 pups were placed into an incubator with littermates and P1 pups were placed
with a foster dam for the three hour retention interval. To test the importance of dam
presence during the retention interval, Exp 2 identified a shorter but still effective retention
interval in order to avoid prolonged maternal deprivation. P0 pups were capable of
expressing prior odor exposure after a 0, 30, 75 or 180 minute retention interval. Using the
30 minute retention interval, results from Exp 3 indicated that P0 pups behaved similarly
whether the dam had been present during the retention interval or not. P1 pups that spent the
30 min retention interval with their dam showed no effect of their previous odor exposure,
replicating findings from Exp 1. Without the dam present, however, P1 pups seemed to be
affected by the prior odor exposure but in a manner opposite that of P0 pups: P1 pups
without prior odor exposure showed odor-evoked motor activity at test but similar activity
was not seen in P1 pups that had prior odor exposure. P0 pups on the other hand only show
odor-evoked motor activity after prior odor exposure.

Heightened odor-induced motor activity in P0 pups with previous odor exposure compared
to non-exposed pups may indicate recognition of that odor. Nevertheless, sensitization is a
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possible alternative explanation. Sensitization, or increased responsiveness after successive
exposures, is unlikely however since previous experiments have found that animals given
two odor exposures prior to activity testing did not exhibit levels of activity higher than pups
with only one odor exposure (Miller & Spear, 2009). Given the apparent lack of odor
specificity in the effect of such neonatal odor exposure (Miller & Spear, 2009), it is also
possible that such responding could indicate odor-induced neurophysiological changes in the
olfactory bulb. Yet, odor recognition and neural changes in the olfactory bulb are not
mutually exclusive explanations. Beyond recognition, however, it is impossible to know for
certain the affective state, if any, of the pup. Motor activity may signify either an appetitive
response (an attempt to move toward the odor) or an aversive response (an attempt to move
away from the odor). It is interesting to note, however, that when odor exposure on P0 was
paired with pulses of appetitively reinforcing milk, motor activity was increased beyond that
of pups given exposure to the odor alone (Miller & Spear, 2009). Furthermore, several
studies have documented odor preferences resulting from mere odor exposure in rat pups
during their second postnatal week (e.g., Alberts & May, 1984; Caza & Spear, 1984).

In addition to the effects of prior odor exposure on odor-evoked activity, there were also
differences in baseline activity in P0 pups based on the presence of the dam during the
retention interval (Exp 3). P0 pups that spent the retention interval with the dam had much
lower baseline levels of activity than those spending it without the dam. This effect may be
due to maternal regulation of infant behavior and physiology (Johanson & Hall, 1982;
Levine, 1968; Stanton, Gutierrez, & Levine, 1988). No age-related differences in baseline
activity were seen in Experiment 1, although dam presence was not manipulated.

Regulation of offspring behavior can also be seen when novel environments cause
locomotor activation in the pups that is mitigated by familiar odors (e.g., anesthetized dam
or littermates; Hofer & Shair, 1987). With previous innocuous or perhaps appetitive
exposure to the odor, pups may learn that the odor is not related to an aversive consequence
(Hill, 1978; Zajonc, 2001; Spear & Rudy, 1991). Alternatively, initial motor activity to
odors could reflect neophobia and hence aversion that can be decreased by mere exposure to
the novel stimulus (Domjan, 1976). Given the absence of prior experience with the dam, it
was not surprising that P0 pups responded differently than P1 pups in the presence of an
odor not previously experienced. It may be advantageous for a pup to respond uniquely to
the first odor it is exposed to because the first odors are likely to be the dam or nest odors
(Miller & Spear, 2009; Romantshik, Porter, Tillmann, & Varendi, 2007). If prior dam
exposure were the driving force behind the current age-related differences we would expect
that giving P0 rats exposure to a dam prior to odor exposure should result in a pattern of
results more similar to what was seen in P1 rats. Alternatively, prior dam exposure might not
be necessary; exposure to any prior odor before test might be sufficient.

Prior exposure to the dam may explain why P0 and P1 pups differ in their response to a
previously experienced odor. Neurochemical changes surrounding the birthing process may
also mechanistically underlie the unique properties of early olfactory learning. For example,
norepinephrine levels increase dramatically after birth (Herlineus & Lagercrantz, 2001).
Norepinephrine has not only been implicated in learning and memory in both infant and
adult animals, but studies have correlated NE levels at birth with later olfactory preference
test scores subsequent to a mere odor exposure procedure occurring shortly after birth in
human neonates (Varendi, Porter, & Winberg, 2002). An age-related difference in olfactory
learning was detected when comparing associative interference between rat pups taught on
the day of birth and one day later (Cheslock et al., 2004). Furthermore, there is some
evidence with human infants that mere odor exposure learning within half an hour after birth
is more effective than 12 hours later (Romantshik, Porter, Tillman, Varendi, 2007). Mere
odor exposure occurring immediately after birth decreased the latency to attach to a

Miller and Spear Page 8

Dev Psychobiol. Author manuscript; available in PMC 2011 March 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



similarly-scented surrogate nipple more effectively than if odor exposure had occurred hours
later (Miller & Spear, 2009). In addition to norepinephrine, P0 pups have had more recent
exposure to amniotic fluid than P1 pups. Since amniotic fluid promotes endogenous opioid
release, P0 pups’ odor exposure may have occurred under heightened opioid levels. Like
NE, opioids are also involved in learning as well as responsiveness to sensory input
(Robinson & Méndez-Gallardo, 2009).

An age-related pattern of responding dependent on preexposure was also documented in
perinatal rats by Mickley et al (2000). After preexposure to saccharin infusions on
embryonic day 19 (E19), P3 pups displayed increased responding to saccharin whereas
decreased responding to saccharin was seen in cesarean sectioned pups tested on E21 pups,
compared to water pretreated neonates. These differences were discussed by Mickley et al as
possibly being related to nursing history since E21 rats had not yet nursed whereas P3 rats
had. However, pups with previous nursing experience in our experiment (P1s) responded
with less activity to a preexposed odor than those without such experience (P0s).
Differences between our studies and those of Mickley and colleagues include age, stimuli
used (taste versus odor), test procedures, and retention interval. These differences may
account for the different pattern of results.

Learning about odors soon after birth is fundamental to forming familial attachments in most
mammals, including humans (Leon, 1992). Studying such processes will provide a window
into how these attachments are created and maintained. For instance, the current study found
that the presence of the dam during a retention interval affects learning and/or memory in an
age-dependent manner. Future studies can dissect this effect and study the underlying
mechanisms. Possible mechanisms include but are certainly not limited to prior experience
with the dam or other olfactory stimuli, norepinephrine levels during odor exposure (Ronca
et al., 2006), and recent amniotic fluid exposure (Robinson & Méndez-Gallardo, 2009) all of
which presumably differ from the day of birth (P0) to P1.
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Figure 1.
P0 pups, but not P1 pups, respond with greater motor activity to an odor after prior odor
exposure (black bars) compared to pups with no prior odor exposure (white bars). Data is
adjusted for baseline levels of activity. Vertical lines represent the standard error of the
mean.
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Figure 2.
P0 pups that were exposed to an odor (black bars) immediately after birth responded with
greater levels of motor activity after a 0, 30, 75, and 180 minute retention interval compared
to pups without this exposure (white bars). Data is adjusted for baseline levels of activity.
Vertical lines represent the standard error of the mean.
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Figure 3.
Baseline activity levels were suppressed in P0 pups after exposure to the dam during the
retention interval compared to P0 pups, which were not returned to the dam. P1 pups’
baseline activity levels did not differ based on dam presence during the retention interval.
Vertical lines represent the standard error of the mean.
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Figure 4.
Motor activity to an odor after prior odor exposure (black bars) or not (white bars) differs
based on age of pup and, for P1 pups, on dam presence during the retention interval. Data is
adjusted for baseline levels of activity. Vertical lines represent the standard error of the
mean.
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