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Abstract

Exposure to prenatal stress (PNS) has been shown to induce a set of psychological and behavioral

changes in developing offspring. We used the rodent model to investigate whether PNS produces

changes in the ability of the pup to express social motivation. We used a set of behavioral tasks

including monitoring ultrasonic vocalizations after isolation, a conditioned place preference, and a

novel and familiar odor approach test. Pregnant Long–Evans rats were exposed to an

unpredictable, variable stressor twice daily during the third week of gestation. Isolation

vocalizations were assessed on postnatal day (PND) 10. Pup affinity for the dam was evaluated on

PND 15. Typically, pups display a selective preference for an odor-paired environment only after

the odor has been associated with the dam. This previous association produces a positive

conditioned stimulus (CS). Normally, pups exposed to a neutral CS (odor paired with cotton balls)

do not form this place preference. Results indicate that PNS exposed pups had significantly

increased distress vocalizations and an equal preference for the positive and neutral conditioned

stimuli. This type of alteration in forming early preferences could be detrimental because of

decreases in the specificity of social learning and an impaired responsiveness in social

relationships.
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Introduction

Previous researchers have shown that prenatal adverse experiences can have long lasting

effects on the behavioral, cognitive, and neuroendocrinological development in the

offspring. For example, children who have been exposed to prenatal stress (PNS) have been

observed to have a delay in speech production onset and in walking (Meijer 1985). In

humans, exposure to PNS can also alter the susceptibility to various diseases and disorders

in infancy through adulthood (Barker 1998). PNS has been implicated in the etiology of

schizophrenia (Brixey et al. 1993), Tourette’s syndrome (Leckman et al. 1990), depression
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(Watson et al. 1999; O’Connor et al. 2003), attention deficit-hyperactivity disorder

(Clements 1992) and autism (Beversdorf et al. 2005).

The present work is novel in that we examined the effects of PNS on very early social

abilities in the rat model. We used a mild variable stress paradigm including saline

injections, restraint, random handling, and placement into a novel cage during the final week

of gestation (gestational days 14–20). This mild stress regimen has been demonstrated in

rats to produce disruption of the HPA axis, increased fearfulness, and changes in amygdala

morphology (Ward et al. 2000; Salm et al. 2004; Kraszpulski et al. 2006). Kraszpulski et al.

(2006) measured the various nuclei that compose the rat amygdala for nuclear volumes and

lengths and numbers of neurons and glia in offspring after exposure to a prenatal variable

mild stress paradigm. They reported a retardation of amygdala growth as early as PND 7, yet

no difference in total brain weight was found (Kraszpulski et al. 2006). In previous work,

Salm et al. (2004) found an increase in size of the lateral amygdala nucleus of the rat. The

differences observed in the lateral amygdala were an almost 30% increase in volume, as well

as an increase in both neuronal cell density and quantity compared to control groups (Salm

et al. 2004). Although there is dramatic altering of the developmental trajectory of the

amygdala in the PNS rat compared to control rats, the PNS regimen does not cause

termination of the pregnancy, infanticide, or drastic weight loss in the dam (Salm et al.

2004).

Isolation calls, sometimes referred to as distress calls or vocalizations, are ultrasonic

vocalizations (USVs) emitted by infant rat pups in response to social isolation (Sales and

Pye 1974). It has been suggested that these USVs are emitted to attract the attention of the

dam, thus prompting retrieval into the nest (Allin and Banks 1972; Smotherman et al. 1974;

Brewster and Leon 1980; Blumberg and Alberts 1990; Brunelli et al. 1994). Empirical

research has shown that administration of anxiolytic drugs reduces the frequency of USVs

while anxiogenic drugs increase USVs (Insel et al. 1986; Insel and Harbaugh 1989). Here

we measured isolation calls to estimate the amount of distress experienced by the infantile

rat and to infer its motivation or desire to be retrieved.

To measure the pup’s affinity for its mother, we used a conditioned odor preference (COP)

paradigm. This paradigm is similar to a conditioned place preference task, but the animals

are conditioned to associate a unique scent with the dam (Nelson and Panksepp 1996). This

paradigm has been successfully used in other studies (Nelson and Panksepp 1996; Cromwell

et al. 2007; Harmon et al. 2008), in that typically rat pups conditioned with the positive CS

(scent + dam) show a preference for the maternally-associated odor side of the chamber, and

conversely, pups exposed to a neutral stimulus (scent + cotton balls) do not show a place

preference.

Since PNS-exposed pups show an increased corticosterone response to a stressor (Henry et

al. 1994; Barbazanges et al. 1996; Takahashi et al. 1998; Koehl et al. 1999; Szuran et al.

2000), indicating an increase in fearfulness and anxiety to stressful stimuli, we hypothesized

that the social isolation would elicit more anxiety and distress compared to controls,

measured by an increase in isolation calls. In addition, we predicted that the PNS-exposed

pups would be significantly more motivated to interact with the dam, and therefore spend
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significantly more time in the maternally-conditioned odor portion of the COP apparatus

compared to the control pups. Several lines of research have shown that increases in HPA

activity lead to enhanced or stronger place preference (Dai et al. 2006; Grakalic et al. 2006).

Yang et al. (2006) demonstrated that PNS enhanced conditioned place preference to

morphine (Yang et al. 2006). Similarly, we hypothesized that rat pups that experienced PNS

would show enhanced conditioned place preference to the positive CS.

Methods

Subjects

Fourteen female Long–Evans rats were paired with male Long–Evans rats for breeding at

Bowling Green State University. Three females were group housed with one male. Females

were checked daily by vaginal smear for the presence of spermatozoa. Presence of

spermatozoa indicated gestational day 1 and the females were removed from group housing.

Females were housed singly in clear plastic cages (65 × 24 × 15 cm) with food (Harlan

Teklad Rat Chow #8604) and tap water ad libitum. Corn cob chips were provided for

bedding. All subjects were maintained on a day–night cycle of 12 h:12 h light/dark cycle

(lights on at 07:00 h); room temperature was kept at 22°C and humidity was controlled at

40–50%. The Institutional Animal Care and Use Committee (IACUC) at Bowling Green

State University approved all procedures (IACUC Approval #04-014) and all procedures

were conducted in accordance with the National Institutes of Health Guide for the Care and

Use of Laboratory Animals.

The pregnant females were randomly placed into one of two experimental groups, PNS (n =

7) or controls (n = 7). Rats in the control group were housed individually and left

undisturbed except for routine handling by animal facility staff. From gestational day 14, the

pregnant females in the PNS group were exposed to seven continuous days of mild

gestational stress twice a day. Gestational stressors consisted of a saline injection (0.9%

NaCl, 0.1 ml, i.m.), handling and placement into a novel environment (removal from the

home cage to a fresh cage)for ten minutes, and placement into a Plexiglas restraining

chamber (10.8 × 7.0 × 4.5 cm.) under bright light for ten minutes. A sample PNS regimen is

illustrated in Table I. Prenatal stressors were applied randomly and at various times to

prevent habituation. The first stressor was applied during the AM hours (0700–1200 h) and a

second stressor during the PM hours (1300–1900 h).

Rats were checked daily at 08:00 h for the presence of pups and the day the neonates were

first sighted was designated PND 1. Litters were culled to 10 pups within 48 h of parturition.

Three males and three females were randomly selected from each litter for behavioral testing

yielding 42 PNS pups (Males = 21 and Females = 21) and 39 Control pups (Males = 21 and

Females = 18). Litter sizes did not significantly vary in number of pups (Mean ± SEM,

Control 9.29 ± 0.57 and PNS 9.71 ± 0.18).

Isolation vocalizations

The isolation testing chamber, which was located in a testing room separate from the

housing room, consisted of a 500 ml glass beaker with an ultrasonic microphone suspended
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approximately 12 cm above the base of the beaker. USVs were recorded using a high

frequency bat detector, Pettersson D230 ultrasound detector (Uppsala, Sweden) that digitally

records at 196 kHz, and USVs were analyzed offline via a sonogram (Avisoft Bioacoustics,

Berlin, Germany). The pups were habituated to the testing chamber for 1 min on PND 9. On

PND 10, the pups were removed from the colony room and placed individually in the

isolation testing apparatus for 2 min with USVs being recorded. There were no other

animals present in the testing room during the testing session. After testing, pups were

transported back to the colony room and were kept in a holding chamber maintained at

approximately 29°C until all testing was complete. Upon completion of testing, all pups

were returned to their home cages. Pups were tested during the light phase of a 12 h:12 h

light/dark cycle. Data were manually scored offline for a total number of 40 kHz isolation

vocalizations.

Conditioned odor preference

The condition odor preference testing apparatus consisted of a Plexiglas chamber (5 × 18 ×

7.6 cm), which was divided crosswise by visual marker into three equal sections of 6 cm.

The apparatus was located in a testing room with fluorescent illumination, separate from the

colony room. The chamber, which had metal bars across the floor, rested on two equally

spaced glass jars (7.6 cm in height).

Pups were removed from their home cage in the colony room and were habituated to the

COP chamber on PND 13 for 1 min. Conditioning began on PND 14. Pups from each litter

from each condition (Control and PNS) were divided into two groups. One group was

exposed to a positive conditioned stimulus (+ CS) (lemon scent placed on dam) while the

second group was exposed to a neutral CS (lemon scent placed on cotton balls). For the rest

of the description of the study, we will refer to these two stimuli as either the positive CS or

the neutral CS. This led to four total conditioning groups: (1) PNS pups with neutral CS

exposure; (2) PNS pups with positive CS exposure; (3) control pups with neutral CS

exposure; and (4) control pups with positive CS exposure. Within each litter pups were

exposed to a CS, but half the littermates received the positive stimulus, while the other half

of the littermates experienced the neutral stimulus.

Conditioning was conducted three times during PND 14 with three hours of maternal

deprivation preceding each 30 min conditioning session. Both conditioning and maternal

deprivation times were performed in an experiment room other than the testing room or the

colony room. Pups conditioned with the neutral CS were removed from their home cage and

were placed, as a litter, in a novel cage (23.5 × 21 × 20.3 cm) with four cotton balls in each

corner saturated with 0.25 ml of scented extract on each cotton ball. The groups conditioned

with the positive CS were removed from their home cage and were placed, as a litter, in an

identical novel cage with their dam that had been saturated with 1 ml of scented extract on

her ventral surface 1 min prior to being placed in the novel conditioning cage. All animals

remained in the conditioning cages for 30 min. Following the third conditioning session, the

dam was bathed with non-scented soap and water to completely remove the scent from her

ventral surface and she was returned, along with the pups, to the home cage.
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Testing began the day immediately following the conditioning day (PND 15). Testing was

preceded by 3 h of maternal deprivation with the pups housed as a litter. Each testing session

consisted of placing one pup in the middle of the testing apparatus always facing to the left

and allowed the pup free access to the odor preference apparatus for 5 min. The side

containing the CS was counterbalanced across trials. Trials were recorded via a

commercially available DVD recorder and camera and were analyzed offline. A trained

experimenter, blind to testing conditions, used a computer-based behavioral scoring system

to accurately code compartment entries and duration via joystick control.

Familiar and novel odor approach

After a pup was tested in the COP apparatus on PND 15, the pup was tested on both a

familiar and a novel odor approach task. In this task, the pup was placed at the “start” end of

one of two Plexiglas-covered alleyways (6.4 × 36.8 × 5.1 cm) with its head facing the

opposing “goal” end. In the “goal” end of the alleyway, a jar was placed with the open top

facing towards the pup, the jar contained one cotton ball sprayed with 1 ml of the CS. For

the novel odor approach, a cotton ball was saturated with 1 ml of a novel odor (peppermint

extract), placed into a separate open-ended jar at the “goal” end of the alleyway. Five trials

were conducted for each stimulus, using a different apparatus for each stimulus, with the

presentation of each stimulus counter-balanced among pups.

For each trial, the approach latency was recorded. A pup was considered to have reached the

“goal” end when its nose crossed the plane of the “goal” indicated by a drawn line. If a pup

did not reach the goal within 60 s, 60 s was recorded as the approach latency and the trial

was terminated. After all 10 trials were conducted, the pup was returned to the home cage.

Statistical analysis

For each dependent measure for the different behavioral paradigms, we performed a

different analysis of variance (ANOVA). For each ANOVA, the independent factors were

treatment group (PNS and control group) and sex (male and female). For COP data, an

additional independent factor was used to account for the conditioning history ( + CS or

Neutral CS). Dependent measures for general litter characteristics included average litter

size, average pup weight on PND 10 and average pup weight on PND 15. For isolation

vocalizations, the dependent variable was number of isolation vocalizations (40 kHz). For

COP testing, dependent measures included total number of line crosses and a within subject

variable for the amount of time spent in each compartment (CS or Neutral). For familiar and

novel odor approach, a dependent factor for latency to approach the “goal” was used for

evaluating performance across the five different trials. A final ANOVA was used to

compare the mean latency to approach the familiar odor versus the novel odor. An approach

latency was computed for each animal as the mean latency across the five trials for the

familiar or novel scent. Data are given as mean ±SEM. The threshold significance level for

including the results reported in the text was p < 0.05. When this threshold criterion was

met, post hoc t-tests were completed using a Bonferroni correction for multiple

comparisons. Data analysis was conducted with SPSS Software 15.0 and Microsoft Excel

2007.
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Results

Litter statistics

Fourteen dams (seven dams in the control group and seven dams in the PNS Group)

successfully gave birth to litters. Two control dams gave birth to fewer than 10 pups (one of

the control dams gave birth to nine pups and one control dam gave birth to six pups). All

PNS dams gave birth to more than 10 pups except for two dams which gave birth to nine

pups each. For statistical analysis and to control for potential litter effects, three males and

three females were randomly selected from each litter for behavioral testing. A total of 39

control pups (21 males and 18 females) and 42 PNS pups were studied (21 males and 21

females). There was a significant main effect for pup weight between the PNS and control

groups at PND 10 (F(1, 77) = 14.7, p < 0.001; Controls: 22.8 ± 0.4 g, PNS: 21.2 ± 0.2 g) and

also at PND 15 (F(1,66) = 23.34, p < 0.001; Controls: 31.7 ± 0.6 g, PNS: 28.6 ± 0.2 g).

Isolation vocalizations

The results of a univariate ANOVA revealed that exposure to PNS had a significant effect

on the number of isolation vocalizations emitted by the rat pup (F(1,77) = 8.94, p < 0.01).

PNS-exposed pups showed significantly more isolation calls compared to control pups

(Controls: 131.7 ± 17.1 vocalizations; PNS: 201.8 ± 16.5 vocalizations). There was no main

effect for sex and no interactions were found.

Conditioned odor preference

For the COP testing, two dams and their pups were removed from testing due to procedural

problems with these subjects (e.g. inadequate conditioning). A subsample of the pups were

tested on COP (Control N = 34; PNS N = 36). There was a main effect for place preference

(F(1,66) = 28.15, p < 0.001). All pups showed a preference for the portion of the testing

chamber directly over the CS scent in the apparatus. Additionally, there was an interesting

main effect for sex (F(1,66) = 4.68, p < 0.05) indicating that females spent less time in the

no stimulus chamber than did the male conspecifics. There were no other main effects or

interactions found from the analysis.

The PNS-exposed pups spent more time above the CS portion of the apparatus (F(1,32) =

7.40, p < 0.05; Figure 1(A)). In contrast to the control pups, no main effect for conditioning

history (+, lemon-scented mother; or neutral, lemon-scented cotton ball) was obtained for

the PNS subsample. This indicates that these pups were not showing a preference dependent

upon previous exposure to the dam. There was also no main sex effect. There were no

additional interactions between preference, conditioning history, or sex. A key finding for

PNS pups was that they failed to show main effects or interaction effects related to

conditioning history. As indicated in Figure 1(A), the PNS pups showed a strong place

preference for the CS, but this preference was not dependent upon the conditioning history.

In conclusion, PNS pups showed an alteration in COP behavior by not differentiating

between + CS and neutral CS conditioning.

An analysis of exclusively control pups led to an expected main effect for place preference

(F(1,30) = 22.4, p < 0.001); however, no additional main effects were found. There was an
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archetypal significant interaction effect between place preference and conditioning history

(F(1,30) = 6.83, p < 0.05). This means that pups conditioned with the + CS showed a

significantly stronger place preference for the CS compared to pups that received exposure

to the neutral CS. This was supported by pairwise comparisons (t-tests), which revealed a

significant place preference for the CS portion of the apparatus only for pups that had been

paired with the + CS ( + CS: t(19) = 5.8, p < 0.001; Neutral CS: t(13) = 1.5, p = 0.16; Figure

1(A)). This indicates that control pups conditioned with + CS showed the characteristic

stronger preference for the CS portion, which we interpret as a stronger motivation to

interact with the dam. This effect for control pups has been shown before and is what we

predicted (Nelson and Panksepp 1996; Cromwell et al. 2007; Harmon, et al. 2008). There

were no additional significant interactions.

Analysis of the data for entries into each compartment showed a main effect for entries into

either compartment (F(1,62) = 11.7, p < 0.01; Figure 1(B)), but there were no other main

effects or interactions. All pups made more entries into the CS portion of the apparatus than

entries into the no stimulus chamber. Control pups showed a main effect for compartment

entries (F(1,30) = 13.1, p < 0.01), but no other main effects or interactions were found. PNS

pup data analysis showed no main effects or interactions for compartment entries. Post-hoc

paired samples t-tests indicate that control pups conditioned with the + CS showed

significantly more entries into the CS portion compared to no stimulus compartment entries

(t(19) = 4.43, p < 0.001). PNS pups, conditioned with the neutral CS, showed more CS

compartment entries (t(19) = 2.6, p < 0.05, Figure 1(B)).

To determine differences in amount of activity during COP testing, the total number of

compartment entries into either side of the testing chamber was assessed. A two-factor

ANOVA revealed no significant differences in the number of total compartment entries for

any of the dependent measures (PNS treatment or sex).

Familiar and novel odor approach

A three-way ANOVA indicated a significant main effect for latency to approach the CS

(F(4, 248) = 5.03, p < 0.01; Figure 2(A),(B)). There were no main effects for gender,

conditioning history, or treatment. With each trial, all pups displayed a longer latency to

approach the goal (baited with the CS, lemon odor). There were no significant interactions.

Similar to the CS, the pups showed a significantly longer latency to approach the goal end

baited with the novel odor (peppermint) across trials (F(4, 248) = 9.01, p < 0.001, Figure

2(C),(D)). There was also a main effect for sex (F(1,62) = 4.8, p < 0.05). On average, males

had longer approach latencies to the novel odor compared to females (Males: 42.4 ± 0.51 s;

Females: 32.8 ± 0.54 s).

A final ANOVA was computed to compare the mean approach latency across repeated trials

for both the CS and the novel stimulus for the prenatal treatment group (PNS compared to

control) and the conditioning group ( + CS compared to Neutral CS) (Figure 3). The was a

main effect for CS (F(1,62) = 18.86, p < 0.001, Figure 3). All pups approached the familiar

odor more rapidly than they approached the novel odor. There was a main effect for sex
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(F(1,62) = 5.68, p < 0.05). Males had longer approach latencies to both the familiar and

novel odors compared to females (Figure 3).

Discussion

The findings of the present study indicate that pups exposed to PNS, like controls. have a

strong motivation to interact with the dam; however, PNS offspring may have deficits in

associative-learning. This study has shown that pups exposed to a random variable stress

paradigm during late gestation, compared to controls: (1) have a significant place preference

for the CS regardless of the association cue, (2) show significantly more distress

vocalizations at PND 10, and (3) show no significant difference on our measure of

locomotor or ambulatory activity at PND 15.

Conditioned odor preference

All the PNS pups preferred the location of the CS of the place preference apparatus

regardless of the associated pairing, positive (lemon-scented dam) or neutral (lemon-scented

cotton ball). This could possibly be explained by neophobia and heightened emotionality in

response to novelty that has been described by other researchers as a result of PNS (Fride et

al. 1986; Deminiére et al. 1992). For example, Fride et al. (1986) reported increased

emotionality in response to a novel situation by adult rats exposed to PNS. This could

explain the behavior of our PNS pups in the COP paradigm.

For PNS rats, another possible interpretation for the absence of difference between the

positive versus the neutral conditioning stimulus groups is that they failed to learn the

associations between the dam or cotton ball and the lemon odor cue. Previous studies have

linked PNS to impairments in learning (Lemaire et al. 2000; Aleksandrov et al. 2001; Nishio

et al. 2001). Lemaire et al. (2000) found that prenatal restraint stress leads to delayed spatial

learning in a place navigation task in adult male rats. Deficits in spatial learning seem

unlikely as an explanation for the results of the present study: the testing in our study was on

associative, not spatial learning. In addition, the PNS pups paired with the positive CS

(lemon-scented dam) did show a slightly stronger preference for the CS portion compared to

the PNS pups that were given the neutral stimulus, but further testing on an associated-odor

learning task would elucidate this potential effect.

Distress vocalizations

Our results indicate that PNS pups show significantly more distress vocalizations compared

to controls. Some studies have shown PNS pups show a decrease in distress calls (Takahashi

et al. 1990; Morgan et al. 1998; Barron et al. 2000) while others have found no difference in

the number of distress calls (Tonkiss et al. 2003). Our results are consistent with other

studies demonstrating PNS pups show elevated levels of distress calls (Williams et al. 1998).

We believe this is a result of the PNS pups experiencing significantly more distress in

response to social isolation, as empirical research has demonstrated a positive relationship

between distress vocalizations and anxiety levels (Insel et al. 1986; Insel and Harbaugh

1989) and HPA axis hyperactivity is consistently reported in PNS offspring (Henry et al.

1994). This conclusion is consistent with other researchers examining infantile vocalizations
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and PNS (Williams et al. 1998; Zimmerberg and Blaskey 1998). The increase in distress

calls may be related to elevated HPA activity and therefore indicating significantly more

anxiety or discomfort during this brief isolation period. Another interpretation for the

elevated levels of distress calls is that the PNS pups are more strongly motivated to be

retrieved to the nest and to their littermates. These distress calls have been shown to lead to

increase pup retrieval to the nest (Litvin et al. 2007). It is possible that PNS pups are more

strongly motivated to interact in a social environment and experience elevated distress when

socially isolated.

As for the predictions for this study, we hypothesized elevated levels of distress calls in PNS

pups, and this was empirically supported by our data. We also expected to see a strong place

preference by the PNS pups which were exposed to the positive CS (scented dam). We

observed a strong preference for the positive condition, but interestingly found that PNS

pups exposed to the neutral stimulus showed this significant preference as well. Future tests

of the effects of PNS on olfaction and associative learning are needed to clarify and more

conclusively interpret these interesting findings. However, we conclude these findings

further support the hypothesis that PNS leads to heightened emotionality in response to

novelty that has been reported by others (Fride et al. 1986; Deminiére et al. 1992; Alonso et

al. 1997).

Postnatal environment

Some interesting results that should be further explored are the effects of the maternal

separation that occurred during the conditioning day of the COP test. The pups were isolated

from their dam for approximately 9 h and the effect of this extent of separation has not been

extensively studied. Though some studies have examined the effects of daily separation or

the effects of complete maternal deprivation (Cameron et al. 2005; Estanislau and Morato

2005; Plotsky et al. 2005; Cannizzaro et al. 2006; Colorado et al. 2006; Burton et al. 2007),

the amount of maternal deprivation in this study did not follow those protocols.

Additionally, the effects of PNS cannot be conclusively determined without a detailed

analysis of the maternal care given to these pups. While PNS has been repeatedly

demonstrated to alter behavioral and endocrinological development, quality of maternal care

also importantly influences offspring development. Several researchers have attempted to

address whether differences in offspring development are a consequence of antenatal

conditions, or if the developmental differences are a result of variations in maternal care, or

a consequence of a combination of both factors (Moore and Power 1986; Power and Moore

1986; Maccari et al. 1995; Meek et al. 2000; Pardon et al. 2000; Patin et al. 2002). This

empirical research has produced mixed results; hence, further research on the effects of PNS

on maternal care in the model used here is needed.

In conclusion, PNS can alter the formation of social motivation in the pups by lack of

specificity in learning and responding in social relationships. Specifically, in this study, PNS

led to an increase in isolation distress calls and a place preference for positive and neutral

conditioned stimuli, in contrast with control pups that preferred cues associated with the

dam. Continued research on PNS will elucidate the neural and hormonal mechanisms

underlying these results.
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Figure 1.
COP for control and PNS rat pups. (A) Time spent by the pups conditioned with + CS

(lemon-scented mother) or with the neutral CS (lemon-scented cotton ball) in the two

portions of the COP apparatus (conditioned-lemon scent; no stimulus-no scent). (B) Number

of entries made by pups conditioned with + CS or with the neutral CS into the two portions

of the COP apparatus. N = 34 control pups, and N = 36 PNS pups. Data are group means +

SEM. Post hoc pairwise comparisons were conducted within subjects between CS time/

entries and neutral time/entries. *p < 0.05, **p < 0.01, and ***p < 0.001.
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Figure 2.
Approach latencies for CS and novel odors across five trials. (A) Approach latency for

control pups (N = 34, + CS N = 20, Neutral CS N = 14) to the CS (lemon odor). (B)

Approach latency for PNS pups (N = 36, + CS N = 16, Neutral CS N = 20) to the CS (lemon

odor). (C) Approach latency for control pups to the novel odor (peppermint). (D) Approach

latency for PNS pups to the novel odor (peppermint). Data are group means ± SEM. See

Results text for ANOVA results, and Figure 3.
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Figure 3.
Approach latency to a familiar and novel odor collapsed across the trials for control and

PNS pups. Familiar odor is the CS (lemon) odor. The pups were not previously exposed to

the novel odor (peppermint). Each group is subdivided by gender to reveal sex effects. Data

are taken from Figure 2. Control: N = 34; PNS: N = 36. Data are group means ± SEM.

Pairwise comparisons within subjects revealed significant differences: *p < 0.05, and **p <

0.01.
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